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Abstract

Dog owners are increasingly seeking treatment when their pets develop cancers. As in human
cancer patients, dogs with cancer are commonly treated with complementary and alternative
therapies, including herbal medicines and nutritional supplements. A novel antitumor agent was
developed from six different herbs including Rhus verniciflua (Rv-PEM01). The components were
established from traditional herbal medicine and designed to affect antitumor activity and main-
tain host immune function. Previous studies identified anti-proliferative activity in human, mur-
ine and canine cancer cell lines. In this clinical study the safety and tolerability of Rv-PEM01 were
evaluated in pet dogs with spontaneously occurring cancers. Twelve dogs were treated orally daily
for 30 days in escalating dose (4 - 10 mg/kg orally once daily) cohorts. Rv-PEM01 was well toler-
ated; only transient mild elevations in BUN were observed in 2 dogs. Although tumor response
was not a primary endpoint for this study, stable disease was maintained for 30 days in 5 (42%) of
the dogs. In conclusion, Rv-PEM01 was found to be safe and well tolerated in the dosage range
tested. Future studies should evaluate higher dosages of Rv-PEMO01 in dogs with cancer, and spe-
cifically address other potential benefits of Rv-PEMO01 in canine cancer patients, including correla-
tive assessments of immune function, quality of life and owner satisfaction.
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1. Introduction

Companion dogs are an important part of many people’s lives, and many pet owners consider their dogs to be
family members [1]. As members of their family, dog owners are seeking better health care for their pets. This
includes the use of complementary and alternative medicine (CAM) for themselves and for their pets. In one
large study, 75% of people reported using CAM at some time in their lives [2]. Furthermore, CAM is used by
the majority of human patients with cancer [3]. For example, some type of herbal or vitamin supplement was
used by almost half of patients with breast cancer [4], and between 20% and 55% of human cancer patients re-
port using herbal and dietary supplements [5]. The goals of CAM therapies vary, but in general they are used to
alleviate physical and emotional symptoms, improve quality of life, and possibly to improve adherence to on-
cology treatment regimens [6]. Not surprisingly, as companion dogs are an important part of many people’s
lives, the demand for CAM for dogs with cancer is also growing. In one survey, 76% of owners of dogs and cats
with cancer reported using CAM in treating their pet, with nutritional supplements being the most commonly
used therapy [7]. Clearly, the demand for such forms of therapy is present.

The popularity of CAM is an international trend in cancer therapy. Due to the often severe side effects and
limited therapeutic efficacy of many chemotherapeutic agents used in conventional cancer treatment, CAM
might be able to improve clinical outcomes and reduce toxicities associated with administration of some anti-
cancer drugs. Several Kampo (traditional Japanese herbal medicine) medicines, such as Keishi-ka-kei-to, Juzen-
taiho-to, Shimotsu-to, Unsei-in, Hochu-ekki-to, Shosaiko-to and Shichimotsu-koka-to have been reported to ex-
hibit an antimetastatic effect, and among them, Keishi-ka-kei-to, Juzen-taiho-to, Shosaiko-to and Shichimotsu-
koka-to also exert antiproliferative activity on cancer cell lines [8]. A report of the beneficial effects of an herbal
compound containing bloodroot (Sanguinaria canadensis) extract on two dogs that were referred for surgical
removal of cutaneous tumors recently was published. Herbal and botanical products containing bloodroot extract
are commonly used for a treatment in veterinary oncology, but some authors report that the bloodroot and other
escharotics constitute potentially very harmful herbal substances and their use should be limited to in-patient use
and/or neoplastic dermatological lesions [9].

We have been analyzing the antitumor activity of plant extracts containing Rhus verniciflua, as well as their
ability to maintain host immune capacity. R. verniciflua is commonly known as the lacquer tree, and urushiols,
the major compounds of lacquer tree sap, have antioxidant and cytotoxic effects [10]. In our previous reports,
we showed the anti-proliferative activities of a plant extract mixture from six kinds of herbs including R. ver-
niciflua (Rv-PEMOL1) in vitro. Rv-PEMO1 had an inhibitory effect on the proliferation of human, mouse and ca-
nine tumor cell lines [11] [12]. Based on these encouraging in vitro results, we conducted a clinical study of
Rv-PEMO1 in dogs with spontaneously occurring cancers to determine the safety and tolerability of Rv-PEMO1
in this population and to document evidence of antitumor activity.

2. Materials and Methods
2.1. Eligibility

A clinical trial was performed at The Ohio State University Veterinary Medical Center (OSUVMC) in client-
owned dogs with spontaneously occurring solid tumors. The trial was approved by the OSUVMC Clinical Re-
search Committee (CRC) and the OSU Institutional Animal Care and Use Committee (IACUC). Written in-
formed consent was obtained prior to patient enrollment. Eligible dogs were required to have a histologic or cy-
tologic diagnosis of solid tumor (carcinoma, sarcoma, melanoma, mast cell tumor). Dogs that had failed stan-
dard therapy, or for which no effective standard therapeutic option was available, or conventional therapies were
declined, were enrolled. Dogs had to meet all eligibility criteria, including: at least 1 year of age; a modified
Eastern Cooperative Oncology Group (ECOG) performance status of 0 - 1; adequate organ function as deter-
mined by routine blood work; at least 2 weeks from previous anti-neoplastic treatments (chemotherapy, radia-
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tion therapy, surgery, other investigational therapies) and complete resolution of clinical toxicities from these
treatments. Dogs with lymphoma and leukemia were excluded. Prior to enrollment, dogs underwent screening
tests including medical history, physical examination, complete blood count, serum biochemical profile, urina-
lysis, and imaging (thoracic radiographs, abdominal ultrasound) if needed for tumor measurements.

2.2. Rv-PEMO01 Formulation

Rv-PEMO1 (Sun R & D Institute for Natural Medicines Co., Inc., Tokyo, Japan), a mixture of plant extracts in-
cludes Rhus verniciflua, Ulmus hollandica, Polygonatum sibiricum, Lycium chinense, Ganoderma japonicum,
and Panax ginseng, was formulated as 20 mg tablets and provided by Kibun Foods, Inc. (Tokyo, Japan). Rv-
PEMO1 was administered by mouth once daily.

2.3. Study Design

This study was a single center open-label, nonrandomized, sequential group, dose escalation study of Rv-
PEMOL in client owned dogs with spontaneous solid tumors. Dogs were evaluated at day 0, day 7 and day 30. A
complete blood count and serum biochemistry profile was evaluated at each visit. Dogs were enrolled in cohorts
of three patients; the first cohort was treated at a starting dose of 4 mg/kg orally once daily and subsequent co-
horts were treated at increasing dose levels (6, 8, and 10 mg/kg/day). If none of the three patients in a cohort
experienced a dose-limiting toxicity (DLT), another three patients was treated at the next higher dose level.
However, if one of the first three patients experiences a DLT, three more patients would be treated at the same
dose level. The dose escalation would continue until at least two patients in a cohort of three experienced DLT.
The DLT was considered any grade 3 or 4 toxicity based on the VCOG-CTCAE v1.1 criteria [13]. Disease pro-
gression or adverse events (AEs) related to disease were not considered adverse events. If stable disease, partial
response, or complete response was achieved at day 30, Rv-PEMO1 could be continued, if desired by the owner,
off-study, until progressive disease was observed.

2.4. Toxicity Assessment

Assessments for adverse events were performed on days 7 and 30. Dogs experiencing severe adverse events
(SAE) were not permitted to continue Rv-PEMO1 therapy. A SAE was defined as any grade 4 or 5 toxicity as
defined by the VCOG-CTCAE v1.1 criteria [ 13].

2.5. Tumor Response Assessment

Tumor response assessments were performed on days 7 and 30. Dogs were permitted to continue to receive
Rv-PEMO1 beyond day 30 provided they had not experienced unacceptable toxicity and had no evidence of dis-
ease progression. Tumor response assessments were performed by caliper measurement of accessible tumors.
Thoracic or abdominal masses were assessed using thoracic radiographs or ultrasonography, respectively. Res-
ponses were assessed using the Response Evaluation Criteria for Solid Tumors in Dogs (v1.0) [14]. A complete
response (CR) was defined as disappearance of all disease on two measurements separated by a minimum period
of 2 weeks. A partial response (PR) was defined as greater than 30% reduction in the sum of the longest diame-
ter of the target lesions documented by two assessments separated by at least 2 weeks. Progressive disease (PD)
was defined as an increase of >20% in the sum of the longest diameters of the target lesions, using the smallest
sum since initiation of therapy as a reference, or the appearance of any new lesion(s). Stable disease (SD) was
defined as the absence of criteria for either a response or progression.

3. Results
3.1. Study Population

Twelve dogs with spontaneously occurring solid tumors were enrolled in the clinical trial. Patient demographics
are summarized in Table 1. A total of 9 purebred and 3 mixed breed dogs were enrolled. The median age was
10.1 years and the median weight was 31.2 kg. Five dogs had received prior chemotherapy for their tumors; the
remaining 7 dogs were treatment naive. The tumor histologies treated included soft tissue sarcoma (4), heman-
giosarcoma (4), osteosarcoma (2), histiocytic sarcoma (1), and hepatocellular carcinoma (1).
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Table 1. Patient demographics.

Weight . Rv-PEMO1 dose  Antitumor
No. Tumor Dog Sex Age (kg) Prior Therapy ol i) R —
1 osteosarcoma Greyhound ~ FS  7y,7m 286  chemotherapy 4 PD
(metastatic) surgery
2 soft tissue sarcoma Mixed Breed MC 14,5 m 35.0 none 4 PD
(grade 2)
3 osteolsarcoma Mixed Breed F 11y 314 chemotherapy 4 PD
(primary)
hemangiosarcoma German
4 (subcutaneous) Shepherd FS 10y,3m 41.6 none 6 PD
5 hemangiosarcoma Golbden MC 10y,2m 3738 none 6 D
(subcutaneous) Retriever
histiocytic sarcoma Flat-Coated
6 (pulmonary) Retriever FS 8y, 1l m 30.0 surgery 6 SD
soft tissue sarcoma Golden surgery radiation
7 (primary/metastatic) Retriever FS oy, 1m 352 chemotherapy 8 PD
hemangiosarcoma German surgery
8 (primary/metastatic) Shepherd FS 12y,7m 392 chemotherapy 8 PD
soft tissue sarcoma Jack
? (grade 1) Russell Terrier F 8y, 1m 100 none 10 Sb
soft tissue sarcoma Labrador
10 (grade 2) Retricver MC 12y,9m 32.6 surgery 8 PD
hepatocellular carcinoma .
11 (well-differentiated) Mixed Breed FS 12y,10m 25.8 surgery 10 SD
12 hemangiosarcoma Bassett Hound M 3y,6m 27.8 chemotherapy 10 SD

(pelvic)

F: female; FS: female spayed; M: male; MC: male castrate; PD: progressive disease; SD: stable disease.

3.2. Clinical Toxicities and Maximum Tolerated Dose

Adverse events were attributed to Rv-PEMO1 as possibly, probably, definitely, unlikely, or unrelated. Those
adverse events that were unlikely or unrelated to Rv-PEMO1 administration were attributed to pre-existing con-
ditions, tumor progression, other underlying conditions, minor deviations from normal (for CBC and serum bi-
ochemistries), or unknown. Only two adverse events could be (possibly) attributed to Rv-PEMO1. These were
grade 1 transient elevations in blood urea nitrogen (BUN) in two dogs. It is important to note that the serum
creatinine was normal at the time of these elevations in both dogs and that the one dog for which a sample was
available, the urine was concentrated, suggesting that the BUN elevations were due to non-renal causes. A
maximum tolerated dose was not reached over the range of dosages (4 - 10 mg/kg/day) evaluated. Owners did
not report any particular difficulty administering the drug, i.e. in general it could be easily given in food.

3.3. Response to Therapy

Over the 30 day period of drug treatment 7 dogs developed progressive disease and 5 dogs had stable discase
(Figure 1 and Table 1). One dog with stable disease, a well-differentiated hepatocellular carcinoma, continued
therapy for another 10 months until euthanized for progressive disease. Rv-PEMO01 was well-tolerated by this
dog throughout the course of treatment.

4. Discussion

In this study Rv-PEMO1 was found to be safe and well tolerated in pet dogs with spontaneously occurring solid
tumors at the dosage range tested (4 - 10/mg/day). These results support the safety and tolerability of Rv-PEMO1
as a CAM therapy for pet dogs with cancer. Rv-PEMO1 is a plant extract mixture derived from six kinds of
herbs used in traditional Japanese medicine. Of these herbal components, R. verniciflua appears to be the main
active herb. The branches and sap from R. verniciflua contain active compounds such as urushiol, fustin, querce
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Figure 1. Assessment of tumor responses. Tumor responses were assessed by direct caliper
measurements or by imaging at day 0 (panels (A) and (C)) and day 30 (panels (B) and (D)). Dog
#5 (subcutaneous hemangiosarcoma) had stable disease ((A) and (B)) and Dog #1 (metastatic
osteosarcoma) developed progressive disease after 30 days of treatment with Rv-PEMO1.

tin, butein and sulfuretin; the antioxidant [15] [16], antitumorigenic [17] and cytotoxic [18] effects of these
compounds have been reported. The antiproliferative activity of Rv-PEMO1 has been demonstrated in human,
mouse, and canine cell lines [11] [12]. Notably, D17, the one canine cell line that has been tested, is the most
sensitive cell line tested to date [12].
The objective of this study was to demonstrate that Rv-PEMO1 is safe and well tolerated in dogs with sponta-
neously occurring tumors. In dogs with a variety of different solid tumors, Rv-PEMO1 induced no clinical signs
attributable to the product, including no evidence of gastrointestinal toxicity (e.g. vomiting, diarrhea, anorexia)
and no blood cell or biochemical abnormalities, other than transient mild elevations in BUN in two dogs that
appeared to be due to non-renal causes. Given the lack of AEs associated with this product, Rv-PEMO1 appears
to be safe when administered as dosages up to 10 mg/kg orally once per day. Although an assessment of antitu-
mor efficacy was not the primary objective of this study, tumor response assessments were made for all patients.
Five of 12 dogs maintained stable disease over the course of the study. The clinical significance of stable disease
over a 30 day period is difficult to determine and is likely variable with respect to the patient and tumor type.
Three of the 5 dogs that maintained stable disease for 30 days had tumors (hemangiosarcoma, histiocytic sarco-
ma) that often progress rapidly; however, stable disease over this period of time can also be seen in untreated-
dogs. One of the remaining dogs that achieved stable disease had hepatocellular carcinoma, an often slowly pro-
gressive tumor in dogs; however, it is encouraging that this dog continued to receive Rv-PEMO1 for another 10
months without evidence of toxicity, suggesting that longer-term, more chronic use of Rv-PEMOL1 is possible.
Rv-PEMO1 was evaluated in dogs with spontaneous solid tumors in a dosage range compatible with tablet
size of the product, patient size, and owner compliance. Although this dosage scheme met these criteria, and
Rv-PEMO1 was well tolerated at these dosages, the dosages used were significantly less than what would be
needed to achieve blood concentrations of the active metabolites equivalent to their in vitro 1Csy’s. In previous in
vivo studies, single oral doses of 5.0 g/lkg Rv-PEMO1 produced no evidence of acute toxicity in ddY mice, based
on clinical observation, body weight change, and organ weights and chronic dosing at a dosage of 2.5 g/kg daily
for 28 days was similarly well tolerated [12]. Based on the excellent tolerability of Rv-PEMO1 in tumor bearing
dogs found in this study, the lack of apparent toxicity in mice when given Rv-PEMO1 at much higher doses, and
the concentrations of active compounds needed to produce antitumor activity in vitro, further studies of
Rv-PEMO1 at higher dosages in tumor bearing dogs are recommended. This will likely require reformulation to
provide a convenient and palatable product for owners to administer to their pets. Future studies should also
specifically address other potential benefits of Rv-PEMO1 in canine cancer patients, including correlative as-
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sessments of immune function, quality of life, and owner satisfaction.

5. Conclusion

This study found Rv-PEMO1 to be safe and well tolerated in pet dogs with spontaneously occurring solid tumors
at the dosage range tested (4 - 10/mg/day). Although no evidence of tumor regression was documented in any of
the 12 dogs treated, this study was not designed as an efficacy trial, and a potential role for Rv-PEMO1 as a
complementary or alternative therapy for cancer treatment, or a role in chemoprevention, remains to be ex-
plored. Dosages of Rv-PEMO1 evaluated here are significantly less than what is needed to produce antiprolifera-
tive effects in vitro [11] [12] suggesting that further studies are warranted in dogs at significantly higher dosage
levels.
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