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Introduction
Non-steroidal anti-inflammatory drugs (NSAIDs) are 
commonly utilized in protocols targeting canine and 
human neoplasms as supportive medications to miti-
gate cancer associated pain and inflammation, for direct 
antineoplastic properties or to treat other chronic inflam-
matory conditions (such as degenerative joint disease 
[DJD]) that are common in aged, cancer-bearing popula-
tions.1 NSAIDs inhibit prostaglandin production from 
arachidonic acid by the cyclooxygenase (COX) enzymes. 
Upregulation of COX-2 has been identified in many 
human and canine cancers and has been correlated with 
increased aggressive potential of tumor cells.2,3

Despite the purported benefits of NSAID use in oncol-
ogy patients, chronic NSAIDs are infrequently utilized 

in feline patients due to differences in pharmacologic 
metabolism and concern for renal compromise, espe-
cially given the high incidence of chronic kidney disease 
in aging cats.4 In 2010, the Federal Drug Administration 
released a ‘black box warning’ against repeated use of 
meloxicam in cats; currently, the only approved use is a 
one-time injection (0.3 mg/kg) for postoperative pain.5 
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Cats’ low capacity for hepatic glucuronidation contrib-
utes to increased toxicity, specifically renal toxicity.

Meloxicam at lower doses is licensed in some 
European countries and Australia, and the International 
Society of Feline Medicine and the American Association 
of Feline Practitioners guidelines suggest that the benefits 
of long-term NSAID treatment in cats outweigh the risks.6 
Low dose meloxicam – 0.02 mg/kg daily, or a range of 
0.01–0.03 mg/kg – has recently been evaluated in feline 
patients with DJD or chronic kidney disease (CKD) and 
has been shown to be well tolerated without evidence of 
renal toxicity.7–9

Toceranib phosphate (Palladia; Zoetis) is an orally 
administered receptor tyrosine kinase inhibitor that has 
been used to treat a variety of canine and feline neoplasms 
including mast cell tumors, feline oral squamous cell 
carcinoma (FOSCC) and other epithelial neoplasms.10–15 
Multiple studies have demonstrated that toceranib is 
generally well tolerated in cats, with toxicity typically 
limited to mild gastrointestinal, myelosuppressive and 
hepatotoxic effects.15–17 Renal toxicity does not seem to 
be common; in various retrospective studies azotemia 
secondary to toceranib administration has been reported 
in 0–14.5% of patients, with most cases being mild and 
requiring no intervention.15–17

No prospective, dose controlled clinical trials exist 
evaluating the combination of toceranib and meloxicam 
in cats. The primary aim of this study was to determine 
the safety and adverse event profile of low dose meloxi-
cam (up to 0.02 mg/kg daily based upon previous stud-
ies) in combination with toceranib at standard dose in 
cancer-bearing cats. While efficacy is not a primary end-
point of safety studies, a secondary goal was to explore 
the anticancer efficacy of the combination, as well as 
impact upon quality of life (QOL) and analgesia.

Materials and methods
This prospective dose escalation clinical trial assumed a 
conventional 3 + 3 cohort design.18 All cats received tocer-
anib every other day by mouth (PO); given the limitations 
of the toceranib capsule size (10 or 15 mg) along with the 
typical size of feline patients, cats received a target dose 
of 2.5–3.75 mg/kg. The dose of meloxicam was escalated, 
with a starting dosage in cohort 1 of 0.01 mg/kg PO every 
other day, administered on opposite days to toceranib. If 
no dose-limiting toxicities (DLTs) were noted in a cohort 
of three cats, then the dose of meloxicam was escalated 
in subsequent cohorts until the maximum tolerated dose 
(MTD) was established or a dose of 0.02 mg/kg daily was 
reached. A DLT was defined as any grade 3 or higher 
adverse event (according to the Veterinary Comparative 
Oncology Group’s common terminology criteria for 
adverse events, VCOG-CTCAE v1.1)19 that was clinically 
relevant except for hematopoietic events (ie, neutropenia, 
thrombocytopenia), for which grade 4 was defined as 
dose-limiting.

Four cohorts were initially planned (0.01 mg/kg every 
other day, 0.01 mg/kg daily, 0.02 mg/kg every other day 
and 0.02 mg/kg daily). Owing to decreased hospital case-
load and study recruitment in the light of the COVID-
19 pandemic, along with discussion with the consulting 
pharmacologist that the cohorts would have similar 
pharmacology characteristics and dose intensity, the mid-
dle two cohorts were collapsed into one. Thus, cohort 2 
included cats that received meloxicam 0.01 mg/kg daily 
or 0.02 mg/kg every other day. If a DLT was noted, then 
the cohort was expanded to include six cats. The MTD 
was the highest dose level at which no more than one of 
six cats developed a DLT. Blood and urine samples and 
blood pressure measurements were collected on days 0, 
14, 28, 56 and 84 (Table 1). Cohorts were also expanded if 
any cat died, was euthanized or withdrew from the study 
prior to the 56-day recheck in order to obtain adequate 
laboratory and safety data before enrolling cats in subse-
quent cohorts.

Adverse events (AEs) were graded according to 
VCOG-CTCAE v1.1.19 Given concern for meloxicam-
induced kidney damage, creatinine values were moni-
tored closely. In cats experiencing a grade 3 or higher 
acute kidney injury (defined as a >3 × increase in creati-
nine over baseline, or >2 × upper limit of normal), and 
urinary tract infection and urolithiasis had been ruled out 
with culture and imaging, then meloxicam treatment was 

Table 1 Study timetable

Day 0 14 28 56 84

Complete 
physical 
examination

X X X X X

Tumor staging X X
Tumor 
measurements

X (X) (X) (X) X

Complete  
blood count

X X X X X

Biochemical 
panel

X X (renal 
profile 
only)

X X X

SDMA X X X X X
Urine dipstick  
and specific 
gravity

X X X X

Blood pressure X X X X
QOL survey X X X X X
Glasgow pain 
score

X X X X X

Every other day toceranib dosing began on day 0. Meloxicam dosing 
began on day 0 or day 1 dependent upon cohort
(X) = tumor measurements were performed if accessible via physical 
examination and caliper measurements. If measurements were only 
obtainable via imaging, the frequency was recommended at minimum 
at baseline and day 84
SDMA = symmetric dimethylarginine; QOL = quality of life
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discontinued and the patient was withdrawn from the 
study. Hypertension was managed with amlodipine as 
recommended by the University of Wisconsin Veterinary 
Medical Teaching Hospital cardiology service.

Client-owned cats were eligible for the study if they 
had a cytologically or histologically confirmed, naive or 
previously treated malignant tumor of any histology that 
did not directly involve the kidneys. Eligible cats were 
required to have a VCOG performance status of 0 (normal 
activity) or 1 (mild lethargy over baseline). Appropriate 
washout periods from previous therapy (1 week from 
glucocorticoids, 2 weeks from previous chemotherapy, 
surgery or radiation therapy) were required. Further eli-
gibility was based on International Renal Interest Society 
(IRIS) CKD guidelines, with cats with CKD stage 1 or 2 
(those with creatinine ⩽2.8 mg/dj when clinically stable 
and hydrated) being eligible for enrollment. Hydration 
status was determined via assessment of mucous mem-
brane tackiness, skin turgor and bloodwork values (blood 
urea nitrogen [BUN], total protein, hematocrit or packed 
cell volume). Use of pain medications (buprenorphine, 
gabapentin) and gastrointestinal supportive medications 
(maropitant, ondansetron, metronidazole, famotidine, 
omeprazole, mirtazapine, capromorelin) at the time 
of enrollment or added during the study period was 
allowed. Cats were excluded if they had received tocer-
anib or chronic NSAIDs at any time prior to enrollment.

While not a primary endpoint of safety trials, prelim-
inary antitumor efficacy of the drug combination was 
assessed when available, as well as impact upon QOL 
and analgesia. Tumor response was assessed with VCOG 
response evaluation criteria for solid tumors (RECIST) for 
patients presenting with gross disease.20 Measurements 
were performed via caliper measurement of longest 
tumor diameter or with image-guided measurements 
if available, although imaging was not required for the 
study. Cats that developed progressive disease were 

withdrawn and owners were offered alternative treat-
ment options. Time to progression was defined as the 
number of days from trial enrollment to disease pro-
gression or death from disease. Impact upon QOL was 
assessed via owner survey at baseline and subsequent 
evaluations (see the supplementary material). The QOL 
survey focused on behaviors at home including food 
and water intake, grooming behavior, litter box use and 
interaction with the owner. Effect upon analgesia was 
evaluated using the Glasgow pain scoring system (see 
the supplementary material) assigned by the overseeing 
clinician at baseline and at each visit based upon physical 
examination findings.

The clinical protocol was approved by the Animal 
Care and Use Committee and written informed consent 
was obtained from participating clients. Owners were 
permitted to withdraw consent at any time.

Results
In total, 21 cats met the inclusion criteria and were 
enrolled in the trial between August 2019 and March 
2021. The median age of these cats was 11.7 years (range 
5.7–17) and median weight was 4.44 kg (range 2.70–7.77). 
There were nine castrated males, one intact male and 11 
spayed females. The majority (n = 15) of cats were domes-
tic shorthair, with the remainder consisting of domestic 
longhair (n = 2) and one each of domestic mediumhair, 
Maine Coon, Bengal and Norwegian Forest Cat. The 
most common cancer diagnosis was FOSCC in six cats, 
although several other cancer types were represented 
(Table 2).

Seven cats were enrolled in the first cohort, eight in 
the second cohort and six in the third and final cohort 
(Table 3). Eleven cats were withdrawn early due to dis-
ease progression (n = 7), difficulty administering medica-
tions (n = 2), owner-perceived reduction in QOL (n = 1) or 
sudden death (unknown cause and necropsy declined, 

Table 2 Tumor types and outcome

Time to progression  
or withdrawal (days)

Survival (days)

Tumor type Oral squamous cell carcinoma 6 49, 83, 93, 98, 107, 344 49, 83, 123, 125, 190, 344
 Nasal adenocarcinoma* 3 >119, >126, >694 >119, >126, >694
 Mammary carcinoma† 3 ⩾66, ⩾83, >175 ⩾66, ⩾83, >175
 Cutaneous carcinoma 2 52, 53 52, 53
 Urothelial carcinoma 1 14 23
 Pulmonary epithelial neoplasia 1 46 46
 Carcinoma or mesothelioma 1 18 18
 Cholangiocarcinoma 1 21 97
 Carcinomatosis 1 48 55
 Maxillary fibrosarcoma 1 56 81
 Cutaneous melanoma* 1 309 >407

*Cats were still alive at the time of manuscript preparation
†Two cats were lost to follow-up 66 and 83 days after enrollment; one cat was still alive at the time of manuscript preparation
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but unlikely due to the therapy, n = 1) (Table 4). Thus, 
cohort sizes were larger than three given the need for 
replacements. A meloxicam dose of 0.02 mg/kg daily was 
reached, with no clinically relevant DLTs.

The most common adverse events were weight loss 
(n = 13) and anorexia (n = 9) (Table 5). Eight cats experi-
enced a mild (grade 1 or 2) hematologic adverse event; 
the most common was grade 1 thrombocytopenia (n = 7), 
although platelet clumping in four cats may have falsely 
decreased the reported value. Fourteen cats experienced 
a biochemical adverse event, most commonly involv-
ing mildly elevated (grade 1–2) liver or kidney values, 
potassium or creatine kinase (CK). Elevated creatinine 
and BUN were noted in 2/21 (9.5%) and 3/21 (14.3%) 
cats, respectively. The cat with grade 2 elevated cre-
atinine had metastatic urothelial carcinoma of the uri-
nary bladder, which likely contributed to the elevation. 
The cat with grade 1 elevated creatinine was treated 
with subcutaneous fluids, and creatinine subsequently 
decreased from 2.8 mg/dl to 2.4 mg/dl upon recheck 
examination; the elevated value was likely secondary 
to early CKD. Elevated glucose levels were noted in 
four cats and were likely secondary to a stress response 
rather than the drug combination as hyperglycemia has 
not been a reported side effect from either toceranib or 

meloxicam. Glucosuria was not noted on urine dipstick 
in these cats.

Hematologic, biochemical, gastrointestinal and/
or constitutional side effects were noted in 20/21 cats 
(95.2%). Adverse events were generally mild (grade 1 
or 2). No cats needed to be withdrawn from the study 
from adverse events, although a 2-week toceranib holi-
day and a reduction in toceranib frequency to Monday-
Wednesday-Friday dosing was recommended in one cat 
each in cohort 3 due to hyporexia (grade 2) and weight 
loss (grade 3), respectively. Notably, three cats experi-
enced grade 3 weight loss, although two of these cats had 
previously documented weight loss and the other cat had 
been diagnosed with carcinomatosis at the time of trial 
enrollment, which was the likely cause of the weight loss. 
Continued enrollment was elected given physical exami-
nation and owner survey findings. In all three, the cats’ 
cancer was likely the cause of the decreased weight rather 
than the therapy, but imaging of the chest and abdomen 
was declined by the owners and thus drug-related toxic-
ity cannot be ruled out.

Other grade 3 and above adverse events were rare and 
not clinically significant, and thus the meloxicam dose did 
not increase the frequency of DLTs in any one cohort over 
another. The cat with grade 3 alanine aminotransferase 
(ALT) elevation was diagnosed with concurrent hyperthy-
roidism, which likely contributed to the abnormality. The 
ALT value improved with methimazole treatment. The 
grade 4 ALT elevation in another cat was transient and 
resolved with no change in therapy, making a drug-related 
toxicity less likely. Seven cats experienced an aspartate ami-
notransferase (AST) elevation, two of which were grade 3. 
AST elevation has been noted in another feline toceranib 
study13 and the grade 3 AST elevation noted in the present 
study was not clinically relevant given adequate physical 
examination findings, QOL scores, pain scores and unre-
markable values for the remaining liver enzymes.

Table 3 Treatment cohorts

Cohort Median toceranib 
dose in mg/kg 
EOD (range)

Meloxicam 
dose (mg/kg)

Cats 
treated

1 2.98 (2.30–3.70) 0.01 EOD 7
2 2.97 (2.60–3.63) 0.01 q24h or 

0.02 EOD
8

3 2.93 (2.66–3.48) 0.02 q24h 6

EOD = every other day

Table 4 Withdrawn cats

Tumor type Reason for withdrawal Time to withdrawal (days)

Cohort 1 Cutaneous carcinoma Sudden death 53
 Urothelial carcinoma Progressive azotemia (suspect  

progressive disease)
14

 2 Maxillary fibrosarcoma Progressive disease 56
 Pulmonary epithelial neoplasia Progressive disease 46
 Carcinoma or mesothelioma Progressive disease 18
 Cholangiocarcinoma Difficulty administering medications 21
 FOSCC Progressive disease 49
 Mammary carcinoma Difficulty administering medications 66
 3 Cutaneous carcinoma Progressive disease 52
 Carcinomatosis Progressive disease 48
 Nasal adenocarcinoma Reduced quality of life (suspect due to 

progression of nasal disease, history of 
lymphoma or secondary to medications)

61

FOSCC = feline oral squamous cell carcinoma
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Transient grade 1 hypertension was noted in one cat 
in cohort 3 at the 8-week recheck. Grade 2 hyperten-
sion was noted in four cats (two in cohort 1, one each 
in cohorts 2 and 3) at the 4-week recheck so amlodipine 
treatment was recommended; one of these cats also 
developed simultaneous grade 1 creatinine elevation 
and another had grade 1 BUN elevation with grade 2 
proteinuria, but no other evidence of target organ dam-
age was noted. The remaining urinalysis and dipstick 
data were unremarkable.

QOL was evaluated at baseline and each recheck 
examination via owner surveys. Among cats whose own-
ers filled out at least one survey beyond baseline (n = 17), 
three had improved overall QOL, eight had stable QOL 
and six had decreased QOL. Three of the six cats with 
decreased QOL had progressive disease documented at 
the time of the reduced QOL scores, and one of the six 

resented being medicated, which likely contributed to the 
lower score. The other two cats – diagnosed with mam-
mary carcinoma and adenocarcinoma of suspected nasal 
origin – had stable measurable disease on physical exami-
nation but additional imaging (abdominal ultrasound, 
head CT scan) was declined; thus, progression of the can-
cer may have contributed to the lower scores.

Glasgow pain scores improved in six cats over the treat-
ment period, remained stable in 12 and worsened in three. 
Among the three cats with worsening pain scores, one had 
progressive disease, one was withdrawn due to difficulty 
administering medications and one was likely stressed in 
the hospital environment during the final recheck exami-
nation, which may have resulted in a falsely elevated pain 
score.

Although evaluation of anticancer efficacy was not a 
primary aim of our study, Table 2 depicts outcome data. 

Table 5 Adverse events (AEs) by grade and cohort

Cohort

AE classification Grade 1 (0.01 mg/kg EOD) 2 (0.01 mg/kg q24h or  
0.02 mg/kg EOD)

3 (0.02 mg/kg q24h)

Neutropenia 1 1
 2 1
Anemia 1 1  
 2 1  
Thrombocytopenia 1 2 2 3
Anorexia 1 1 1 1
 2 2 2 2
Weight loss 1 2 3 2
 2 1 1 1
 3 2 1
Lethargy 1 1 1 3
Vomiting 1 1 2
Diarrhea 1 1  
Constipation 1 1
Elevated AST 1 3 1  
 2 1
 3 1 1  
Elevated ALP 1 1  
Elevated ALT 3 1
 4 1
Elevated total bilirubin 1 1  
Hypertension 1 1
 2 2 1 1
Elevated BUN 1 1 1  
 2 1  
Elevated creatinine 1 1
 2 1  
Elevated potassium 1 1  
Proteinuria 2 1  
Decreased calcium 1 1  
Elevated CK 1 1 1 1

AST = aspartate amonotransferase; ALP = alanine aminotransferase; BUN = blood urea nitrogen; CK = creatine kinase: EOD = every other day
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Fourteen cats died or were euthanized due to their dis-
ease, five cats remain alive at the time of manuscript prep-
aration and two cats were lost to follow-up. In patients 
with measurable disease, two cats (one with mammary 
carcinoma, one with FOSCC) achieved a partial response 
that was maintained throughout the trial period. Ten 
cats had progressive disease (seven of which were docu-
mented during the 84-day study period), and the remain-
ing cats had stable disease.

Discussion
Meloxicam at a dose of 0.02 mg/kg daily in combination 
with toceranib at standard dose was well tolerated in cats 
with cancer. Additional studies are needed to determine 
the MTD of meloxicam in this drug combination. Our 
study supports previous findings suggesting the role of 
NSAID therapy in feline cancer patients. COX-2 expres-
sion has been reported in several feline cancers, including 
transitional cell carcinoma (TCC) and FOSCC.21,22 Long-
term safety of COX inhibitors has also been examined. 
Cats with DJD that received 0.01–0.03 mg/kg meloxi-
cam daily exhibited no adverse changes to renal func-
tion as determined by monitoring creatinine values over  
1 month of therapy.7 Another study examining cats with 
DJD demonstrated less progression of renal disease in 
patients with CKD treated with low dose meloxicam 
(median dose 0.02 mg/kg daily) compared with untreated 
controls.8 Additional studies revealed no decline in renal 
excretory function or lifespan in cats with or without pre-
existent stable CKD that were treated with meloxicam 
(median dose 0.02 mg/kg daily) for at least 6 months, 
even for those classified as IRIS stage 2 (creatinine 1.6–
2.8 mg/dl when clinically stable and hydrated) or 3 (cre-
atinine 2.8–5.0 mg/dl) disease.9,23

Given the previously published studies evaluating 
low dose meloxicam in cats, and the concern for renal 
compromise, we did not evaluate doses higher than  
0.02 mg/kg daily in this study. However, no noteworthy 
renal adverse events were noted, and no cats were with-
drawn from the trial due to side effects attributable to the 
medications.

The majority of cats had stable to improved QOL 
scores (11/17) and pain scores (18/21) throughout enroll-
ment, with worsening scores likely due to progression of 
the cancer, difficulty administering medications leading 
to both patient and owner stress, or secondary infections 
developing at tumor sites.

Eleven cats were withdrawn before completing the 
trial (day 84) as noted in Table 4. Thus, cohort sizes were 
expanded frequently despite no clear evidence of DLTs. 
The cat from cohort 1 that was withdrawn following sud-
den death was originally diagnosed with cutaneous car-
cinoma caudal to the left pinna; it had experienced grade 
3 AST elevation, grade 2 hypertension, grade 1 anorexia 
and grade 1 BUN elevation prior to collapse and sudden 

death 53 days following study enrollment. The remainder 
of the most recent bloodwork was unremarkable, and no 
imaging was performed. Necropsy was declined, so the 
cause of the sudden death remains unknown. The cat 
with urothelial carcinoma was withdrawn due to progres-
sive azotemia (increase of creatinine from 2.2 mg/dl to  
5.6 mg/dl; increase of BUN from 46 mg/dl to 99 mg/dl) 
14 days after enrollment; progression of the cancer was 
suspected, although a recheck abdominal ultrasound was 
not performed so toxicity from the medications, as well as 
infection or urolithiasis, could not be ruled out. Cohort 2 
consisted of eight cats, with three surviving beyond the 
56-day recheck. Given the lack of clinically relevant DLTs, 
it was determined that the drug combination in cohort 2 
was safe and thus recruitment for cohort 3 commenced.

Our findings build upon previous studies, which report 
tolerability and activity of NSAIDs and/or toceranib in 
cats with cancer. Potential clinical benefit has previously 
been shown in retrospective studies of cats with FOSCC 
and TCC receiving NSAIDs.21,22,24 One study evaluating 
toceranib in cats with FOSCC demonstrated an asso-
ciation between concurrent NSAID use and improved 
survival, although given the retrospective nature of  
the study, the specific NSAID used and dose were not 
consistent.10 Several additional reports document activity 
and/or safety of toceranib in cats with FOSCC, mast cell 
tumor and feline injection site sarcoma.13–16 Most of these 
studies were retrospective, and follow-up time varied. 
The present study is, to our knowledge, the first to pro-
spectively examine the safety and tolerability of meloxi-
cam in combination with toceranib.

Several limitations of the study exist. Imaging was not 
required at any recheck examination, so internal tumor 
progression or pulmonary or abdominal metastasis may 
have been missed. Thus, disease progression cannot be 
ruled out as the cause for adverse events, or worsening 
QOL or pain scores. The high number of cases of FOSCC 
(n = 6), an aggressive cancer with most reported median 
survival times of less than 3 months,25,26 as well as other 
advanced cancers in our study population often resulted 
in early withdrawal from the trial given the rapid disease 
progression. Also, patients were allowed to receive addi-
tional supportive care medications, which may have con-
founded QOL and pain scores and potentially could have 
influenced adverse events. In addition, the inherent subjec-
tivity of the owner QOL surveys and Glasgow pain scor-
ing, along with observer variation, may have introduced 
bias into these scores. Rarely, a urine sample was unob-
tainable in the clinic due to small bladder size; there was 
no evidence of azotemia in these instances and urine was 
collected at subsequent appointments. Even so, transient 
abnormalities may have been missed. Finally, although the 
dose intensities of meloxicam within cohort 2 were identi-
cal (0.01 mg/kg once daily vs 0.02 mg/kg once every other 
day), the peak drug concentrations may be different.
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Conclusions
Our data reveal that cats with cancer can safely tolerate 
meloxicam 0.02 mg/kg once daily in combination with 
standard dose toceranib. Additional studies are needed 
to determine if even higher doses of meloxicam are safe. 
While there is concern for meloxicam-induced renal com-
promise in cats, this low dose may provide owners with a 
reasonable option when other treatments are declined or 
if a standard of care does not exist. The anticancer efficacy 
of the drug combination cannot be definitively evaluated 
with the current data given the lack of imaging, lack of a 
control population and the small sample size. Therefore, 
phase II/III clinical trials with larger groups of cats with 
similar tumor types should occur.
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