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Safety and efficacy of targeted
hyperthermia treatment utilizing gold
nanorod therapy in spontaneous canine
neoplasia
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Abstract

Background: Hyperthermia is an established anti-cancer treatment but is limited by tolerance of adjacent normal
tissues. Parenteral administration of gold nanorods (NRs) as a photosensitizer amplifies the effects of hyperthermia
treatment while sparing normal tissues. This therapy is well tolerated and has demonstrated anti-tumor effects in
mouse models. The purpose of this phase 1 study was to establish the safety and observe the anti-tumor impact of
gold NR enhanced (plasmonic) photothermal therapy (PPTT) in client owned canine patients diagnosed with
spontaneous neoplasia.

Results: Seven dogs underwent gold NR administration and subsequent NIR PPTT. Side effects were mild and
limited to local reactions to NIR laser. All of the dogs enrolled in the study experienced stable disease, partial
remission or complete remission. The overall response rate (ORR) was 28.6% with partial or complete remission of
tumors at study end.

Conclusions: PPTT utilizing gold nanorod therapy can be safely administered to canine patients. Further studies are
needed to determine the true efficacy in a larger population of canine cancer patients and to and identify those
patients most likely to benefit from this therapy.
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Background
The emerging field of nanoparticles holds promise for a
variety of applications including but not limited to im-
aging contrast enhancement, cancer treatment, drug and
gene delivery, fluorescent labeling and tissue engineering
[1]. Specifically, gold nanorods (NRs) have been identi-
fied as an optimal nanoparticle as they may be synthe-
sized in bulk, have broadly tunable plasmon resonance
and exhibit absorption coefficients 104–106-fold higher
than conventional organic fluorochromes typically used
for photodynamic therapy [2, 3]. While both spherical
and rod gold nanoparticles exhibit a specific plasmon
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frequency according to their size and shape [4], only gold
NRs can be engineered to near-infrared (NIR) plasmon
resonance for biomedical in vivo uses [5, 6]. The critical
NIR wavelength window between 650 and 900 nm allows
for absorption and scatter in the optical light range
making gold nanorods an excellent choice for high
sensitivity photoacoustic contrast and thermal ablation
of solid tumors [7, 8].
More recently, NRs have received attention as a poten-

tial photothermal agent for targeted hyperthermia with a
wide safety range [3, 7]. The NRs have the ability to pas-
sively accumulate within tumors due to the chaotic and
poorly developed framework of most tumor blood ves-
sels. When administered by intravenous injection a pro-
portion of the NRs are cleared by the reticuloendothelial
system while the remaining NRs tend to become lodged
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in tumors. This enhanced permeability and retention or
“EPR” effect is critical for both therapeutic and imaging
techniques [9, 10]. One study shows that non-coated
gold NRs clear the bloodstream almost immediately
while polyethyleneglycol (PEG) polymers applied to the
NR surface extends their half-life to 19 h due to immune
system evasion, with the spleen showing the highest col-
lection of NRs [11]. When gold NRs are coupled with
visible and NIR-absorbing molecules, the pairing results
in Surface-Enhanced, Resonant Raman Scattering (SERS)
creating a unique spectral multiplexing density far su-
perior to alternate methods, making them a highly suit-
able tool for targeted photothermal ablation [3].
A key safety concept while utilizing SERS NRs is ensur-

ing specific targeting of tumors. For effective ablation to
occur through hyperthermia in vivo, the enhanced NRs
must demonstrate significant EPR effects to maximize
anti-tumor efficacy while sparing normal tissues. Multiple
mouse models have now demonstrated aggregation of
NRs in xenogeneic tumors following intravenous ad-
ministration [3, 12, 13]. In vivo, SERS-coated NRs
permit remote photothermal tumor heating to ablative
temperatures via ex vivo NIR diode lasers [3]. When these
NRs are treated from an external laser source, varying de-
grees of success (25–57%) have been achieved in shrinking
xenogeneic tumors dependent on the route in which the
NRs are administered [12, 14]. Intratumoral NR adminis-
tration followed by computationally derived quantitative
photothermal modeling and NIR photothermal heating
has recently been successfully used to treat tumors in
mouse models of cancer without evidence of systemic tox-
icity with a 100% response rate that was durable over
50 days [13]. These data support the notion that notion
that SERS NRs represent an alternative approach to trad-
itional hyperthermia based cancer therapies. While the
SERS nanorods have been studied extensively in mouse
models of cancer, they have not been extensively tested in
the setting of spontaneous disease. As such, the objectives
of this clinical trial were to assess the adverse event profile
of SERS NRs administered intravenously to dogs with
solid tumors and to evaluate the anti-tumor activity of
SERS NRs in dogs with solid tumors following treatment
with a NIR diode laser.

Methods
Eligibility
This clinical trial was approved by the Clinical Research
and Advising Committee at the College of Veterinary
Medicine and the Institutional Animal Care and Use
Committee (IACUC) at the Ohio State University.
Informed consent was obtained from all owners prior to
study enrollment and the clinical trial was performed in
compliance with guidelines for conducting clinical trials
in client owned animals at the College of Veterinary
Medicine. Canine patients presenting to the Ohio State
University Veterinary Medical Center Oncology service
diagnosed with a solid tumor (carcinoma, sarcoma or
mast cell tumor) that was at least 2 cm in size and
amenable to repeat biopsy were eligible for enrollment.
The patient may have failed standard therapy or had no
other known effective therapeutic options. Alternately,
the owners may have elected to enter the patient in lieu
of standard of care. Prior to enrollment dogs underwent
complete blood count, chemistry, urinalysis and thoracic
radiograph testing. Patients were required to be over
1 year of age with adequate organ function (ALT and
AST <4 times upper limit of institutional normal, bilirubin
within normal limits and serum creatinine <2.5 mg/dL)
and have an estimated life expectancy of at least 6 weeks.
Exclusion criteria included evidence of metastatic disease,
underlying cardiac disease/arrhythmias or any other
serious systemic disorder incompatible with the study.
Patients were required to be at least 3 weeks post
any surgical intervention and not currently using any
other investigational drug. If the patient was treated
with prior radiation or chemotherapy, it also must
have been completed these treatments at least 3 weeks
prior to enrollment and be completely recovered from
any acute toxicities.

Investigational drug product and concomitant medication
The gold nanorods were supplied by Nanopartz Inc.
(Loveland, CO), and were a formulation of gold nano-
rods with a methyl terminated polyethylene glycol coat-
ing suspended in deionized water to a concentration of
10 mg/ml. These NRs were engineered to a surface plas-
mon resonance of 800 nm for photothermal heating.
Concomitant medications permissible for use in preven-
tion or managing adverse events included metoclopra-
mide, ondansetron, maropitant, famotidine, ranitidine,
omeprazole, metronidazole, bismuth subsalicylate, lo-
peramide, butorphanol, tramadol, fentanyl, diphenhydra-
mine. Patients were eligible to receive either an NSAID
(non-steroidal anti-inflammatory drug) or prednisone as
needed for pain relief or swelling associated with treat-
ment at the discretion of the primary investigator.

Study design
A total of 7 dogs were enrolled in this study and each pa-
tient had a single tumor that was undergoing evaluation.
Following screening, a baseline tumor biopsy was obtained
with a 14 g needle core biopsy, processed in formalin and
histopathologically evaluated through the Ohio State
University Anatomic Pathology service. SERS NRs were
administered intravenously at a dose of 10 mg/kg. Both
plasma and serum absorbance was performed to assess
NR levels at the following time points: pre-treatment,
15 min post administration, and 72 h post administration.
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Dogs underwent NIR diode laser treatment 72 h post ad-
ministration to ensure maximal clearance of the NRs and
thus reduce the possibility of off-target effects. The tumor
was then heated to a minimum of 40 °C for 1–2 min; an
infrared camera was used to track the heating process.
Dogs were evaluated 7 days following treatment with a
physical examination and on day 14 after treatment a
physical examination, CBC, serum biochemistry profile.
An assessment of adverse events was performed at each
visit. At Day 14, dogs were eligible to undergo tumor re-
moval. If this was not elected, then a second needle core
biopsy was performed at this time point. Dogs that had
surgical resections of their tumor were evaluated 2 weeks
post-operatively; dogs that had second needle core biop-
sies were evaluated at 2 and 6 weeks post-biopsy for evi-
dence of adverse events secondary to NR treatment.

NR administration and assessment of serum and plasma
concentrations
Gold nanorods were provided at a concentration of
10 mg/ml in 0.9% NaCl and stored at 4 °C. Prior to ad-
ministration, the gold nanorod concentrate was diluted in
0.9% NaCl to a final concentration of 5 mg/ml. Nanorods
were given as an intravenous infusion at a fluid rate of
50 ml/h or 250 mg nanorods/h. For example, a 25 kg dog
would receive 250 mg of gold nanorods diluted in 50 ml
of 0.9% NaCl given over 1 h. This dose (10 mg/kg) was
based on clinical evaluation of NRs in normal beagle dogs
in which doses up to 32 mg/kg (unpublished data, CARE
Research LLC) were given with no adverse events. A port-
able UV/Vis (ultraviolet visible) spectrometer (Nanopartz
fiber-optically modified Thor Labs CCS175 Compact UV/
Vis spectrometer, Loveland CO 80537) was utilized to
measure nanorods in the bloodstream and compared to a
standard curve to estimate nanorod concentration. Briefly,
serum and plasma were obtained from each patient
through routine blood draw and centrifugation. The in-
tensity of light passing through the sample was compared
to the intensity of light before passing through the sample
in order to calculate the absorbance. The UV/Vis spec-
trometer was calibrated against known standards, with a
longitudinal absorption profile ranging from 700 to
950 nm. Nanorod concentration was assessed pretreatment,
15 min post treatment and 72 h post treatment in both
plasma and serum. The analysis from the UV VIS was used
to confirm nanorod concentration at the 72 h time point
prior to NIR laser application to determine if the NRs had
cleared the bloodstream prior to laser application.

Laser application and thermal imaging
Following administration of the NRs, dogs returned 72 h
later to ensure that they had cleared the bloodstream.
Dogs were then sedated with butorphanol (0.2 mg/kg) and
acepromazine (0.02 mg/kg) by intramuscular injection
30 min prior to application of the laser. Once sedated,
dogs were positioned to provide maximal access to the
tumor. The normal tissues surrounding the target area
were covered and exposure to laser was minimized. Ap-
propriate personal protective equipment including safety
glasses were utilized by staff members applying the laser
and observing laser application (Jenoptik laser, JOLD-30
FC-14 30 W 400 μm fiber output, 808 nm Jena, Germany
07743). The laser was then applied to the tumor until the
tumor has reached a sustained temperature of 40C for 1–
2 min. The temperature assessment was performed using
a thermal imaging camera (RAZ-IR, Las Vegas NV
89113). It was anticipated that the total treatment time to
achieve a temperature of 40 °C for 1–2 min would be ap-
proximately 5 min. The dogs were then allowed to recover
from sedation and be returned to the owner.

Evaluation of response
Determination of antitumor efficacy was based on ob-
jective tumor assessments made according to the
RECIST (response evaluation criteria in solid tumors)
guidelines consistent with the current guidelines [15].
Briefly, a complete response (CR) was defined as the
complete disappearance of the target lesion and partial
response (PR) was defined as a ≥ 30% decrease in the
longest dimension of the target lesion taking as a refer-
ence the baseline longest dimension. Stable disease (SD)
is defined as neither sufficient shrinkage to qualify for
PR nor sufficient increase to qualify for PD taking as a
reference the baseline longest dimension. The time
interval to qualify for stable disease was the duration of
the study (14 days). Progressive disease (PD) was defined
as a ≥ 20% increase in the longest dimensions of the tar-
get lesion taking as a reference the baseline longest di-
mension or the appearance of 1 or more new lesions.
Tumor assessments were obtained prior to treatment
then day 7 and 14 post NIR laser treatment via caliper
measurement of the longest diameter with photographic
documentation.

Assessment of adverse events
Dogs were evaluated for adverse events (AEs) at every
study visit. AEs were defined and graded according to
the published VCOG-CTCAE criteria [16].

Results
Demographics
Seven dogs were enrolled into this clinical trial. The me-
dian age was 9 years (range 6–13 years) and the median
weight was 28.2 kg (9.1–42.1). There were 4 spayed fe-
males and 3 neutered males enrolled, with several breeds
represented including two Beagles and one of each of
the following: Labrador Retriever, Golden Retriever,
Boston Terrier, Greyhound, and Mixed Breed. Most dogs
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had undergone no prior therapy (n = 5) while one had
recurrence of disease following surgery and another had
recurrence following surgery and radiation therapy. The
majority of dogs had a soft tissue sarcoma (n = 5) and
the remaining 2 dogs had a mast cell tumor (Table 1).

Nanorod dosing, measurement and clearance
Nanorod dosage was standardized at 10 mg/kg and the
total dose given ranged from 91 to 410 mg reflecting vari-
ation in patient size. Nanorod absorption was measured in
plasma and serum and found to be comparable between
the two samples (Fig. 1). Both samples showed minimal
background scatter in the pre-treatment samples, a reliable
peak at 800 nm 15 min post treatment and minimal to no
residual nanorod detection 72 h post administration. The
nanorod concentration 15 min post treatment was variable
ranging from 60 to 192 μg/ml (Table 2). Most patients
showed near complete clearance of circulating nanorods by
72 h post administration (Table 2). Interestingly, one dog
had evidence of persistent high plasma levels of nanorods
(97 μg/ml) at 72 h post administration although NIR laser
application was completed without incident.

NIR laser application
After clearance of nanorods from the bloodstream was
established, the NIR laser was applied to the tumors.
The median treatment time was 2 min with therapy
times ranging from 40 s to 4 min. All patients achieved
a minimum tumor temperature of 40 °C (range 40–110 °C,
Table 3) as assessed using real time monitoring with
the infrared camera (Fig. 2).

Treatment outcome
All patients completed the study as expected with a var-
ied follow up after the study period. Patients 1 and 7 ex-
perienced objective response with a CR and PR
respectively showing a 28.6% objective response rate
(both soft tissue sarcomas). After experiencing stable
disease and having a needle core biopsy performed at
the end of the study period, Patient 1 experienced a dur-
able CR that lasted for approximately 8 months post
treatment (Fig. 3a). No further surgical intervention was
Table 1 Patient demographics

Patient Breed Age (yr) Sex

1 Greyhound 12 MN

2 Mixed Breed 8 MN

3 Boston Terrier 6 FS

4 Beagle 9 MN

5 Beagle 13 FS

6 Labrador Retriever 10 FS

7 Golden Retriever 7 FS
pursued for Patient 1. Patient 7 showed partial response
for 77 days at which point the tumor showed mild en-
largement from the previous visit and a surgical excision
was elected (Fig. 3b). The patients that experienced stable
disease (Patients 2, 3, 4, 5 and 6) had their tumors surgi-
cally removed at or near the end of the study period.

Histopathology
Baseline and post treatment histopathology were obtained
in all dogs enrolled in this study (Table 4). Tumors from
Patients 1, 3, 4 and 5 showed moderate changes in re-
sponse to PPTT including coagulation, edema, hemorrhage
and skin necrosis evident in their post treatment biopsies.
The soft tissue sarcoma from Patient 1 demonstrated ne-
crosis involving 20% of the submitted biopsy; this dog went
on to achieve a complete response to therapy. The soft tis-
sue sarcoma from Patient 3 showed approximately 60%
microscopic tumor necrosis in response to treatment but
the tumor remained unchanged grossly. Patient 4’s mast
cell tumor showed 40–50% necrosis with fibrin and
hemorrhage in the center of the tumor and moderate to
severe skin necrosis microscopically but also remained un-
changed grossly. Lastly, the soft tissue sarcoma from Pa-
tient 5 showed moderate microscopic tumor necrosis
(<50%) in response to treatment but also remained un-
changed in size. Patients 2 and 6 both showed no tumor
necrosis grossly post treatment and no tumor necrosis or
cell death on histopathologic evaluation following resec-
tion. Patient 7 achieved a partial remission over time des-
pite having no microscopic evidence of necrosis in the
post-treatment biopsy sample.

Adverse events
All study related adverse events were considered mild
(Table 5 - grade 1, n = 10; grade 2, n = 5) and generally did
not require intervention with supportive care or concomi-
tant medications. Skin/tumor ulceration over the treated
area was the primary clinical effect observed in all dogs.

Skin adverse events
Nine adverse events confined to the tumor or surround-
ing tissues occurred. Erythema, skin ulceration, tumor
Wt (kg) Disease Prior Treatment

28.2 STS Surgery

37.8 STS None

11.7 STS None

17.0 MCT None

9.1 STS None

38.3 MCT None

42.1 STS Surgery and radiation
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Fig. 1 Plasma and serum NR concentrations before and after treatment. The NR absorption peaks in Patient 7 are noted by the red line;
background from blood components is noted with the blue line. A reliable peak is present at 800 nm (red) 15 min post NR infusion. Clearance of
the NRs from serum and plasma is seen by 72 h
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necrosis and swelling/edema were observed all occurred
following NIR laser application.

Systemic adverse events
Six systemic adverse events were noted. In all cases,
causality with either nanorod administration or laser ap-
plication could neither be definitively confirmed nor
completely ruled out. These included anemia, ALT ele-
vation, CK elevation, nausea and lethargy. Patient 4 ex-
perienced a grade 1 CK elevation possibly attributable to
Table 2 Plasma concentrations of NRs immediately and 72 h
post treatment

Patient NR Post Treatment (μg/ml) NR 72 h (μg/ml)

1 108 12

2 120 0

3 192 97

4 160 0

5 60 6

6 72 0

7 168 0
tissue damage following NIR laser applications and a
grade 2 ALT elevation of unknown etiology. Patient 7
experienced grade 1 nausea and lethargy the day follow-
ing NIR laser application, which could have been sec-
ondary to laser application and subsequent tissue
damage or the sedation from the procedure. This patient
recovered from both of the adverse events within a 24 h
time period. Finally, two patients developed a grade 1
anemia while on study that could have been related to
study procedures, although anemia of chronic disease
Table 3 Thermal dose during NIR Diode laser treatment

Patient Thermal Dose

1 75–100 ° C for 1 min

2 40–60 °C for 2 min

3 53–66 °C for 3 min

4 63–70 °C for 1 min

5 45–55 °C for 4 min

6 78–110 °C for 40 s

7 45–65 °C for 3 min



Fig. 2 Infrared imaging of tumors during NIR laser therapy. Shown are representative images of infrared imaging performed during treatment,
with the associated intratumoral temperatures as assessed by the infrared camera

Schuh et al. BMC Veterinary Research  (2017) 13:294 Page 6 of 9
and pre-existing conditions such as hypothyroidism
could not be ruled out as the primary causes.

Discussion
Photodynamic therapy (PDT) has been used in human
medicine for decades primarily to treat superficial skin
lesions. Major hurdles for the continued success of this
treatment modality are specificity of targeting tumors
while avoiding toxicity to normal tissues and adverse
events related to photosensitizers. Photothermal therapy
(PTT) is a therapeutic modality used in human cancer
in which intratumoral heating is used to kill tumors
through application of a light source specific for the
thermal agent. In general, such agents are on the nano-
scale given the enhanced permeability and retention ef-
fect observed with particles in a certain size range
(typically 20–300 nm) [8, 17]. Molecules in this range
preferentially accumulate in tumor tissue that typically
possesses a disorganized, leaky vasculature and poor
Pre-Tx Day 1

Pre-Tx Day 7             

A

B

Fig. 3 Response to NIR therapy. a Patient 1 experienced a durable respons
showed partial response for 77 days at which point the tumor showed mil
elected (b)
lymphatic drainage, different properties as compared to
regular blood vessels, such as poor lymphatic drainage
and a disorganized, leaky vasculature, promoting this se-
lectivity. The agents used for PTT include gold nanorods
(NRs), gold nanoshells, graphene and graphene oxide.
Gold NRs have been identified as an optimal nanoparti-
cle as they may be synthesized in bulk, have broadly
tunable plasmon resonance and exhibit absorption coef-
ficients 104–106-fold higher than conventional organic
fluorochromes typically used for photodynamic therapy
[2, 3]. The Surface-Enhanced, Resonant Raman Scatter-
ing (SERS) effect created by coupling gold NRs with vis-
ible and NIR-absorbing molecules results in enhanced
capacity for PTT induced tumor ablation [3].
Multiple methods currently are under investigation to

exploit the unique property of SERS NRs to passively col-
lect into tumors [18]. Early in vitro work demonstrated
that SERS NRs can be linked with specific monoclonal
antibodies to target antigens overexpressed in cancer cells.
4                         2 months

         Day 14                2 months

e that lasted for approximately 8 months post treatment. b Patient 7
d enlargement from the previous visit and a surgical excision was



Table 4 Patient response and post-treatment histopathology

Patient Response Histopath pre-treatment Histopath post treatment Post-treatment biopsy

1 CR 10% tumor necrosis, no individual cell death 20% necrosis, coagulation and edema Needle core

2 SD no necrosis or individual cell death no evidence of tumor cell death Excisional

3 SD <5% necrosis with rare individual cell death 60% necrosis with hemorrhage Excisional

4 SD no necrosis or individual cell death 40–50% necrosis and hemorrhage with moderate
to severe skin necrosis

Excisional

5 SD no necrosis and moderate cell death Less than 50% multifocal mild hemorrhage and necrosis Excisional

6 SD no necrosis or individual cell death no necrosis or individual cell death Excisional

7 PR no necrosis or individual cell death no necrosis or individual cell death Excisional
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When exposed to both malignant and non-malignant epi-
thelial cell lines, the SERS NRs showed preferential bind-
ing to malignant cell lines that subsequently caused cell
death post irradiation at the appropriate spectrum [8]. Re-
cent in vivo work in mouse models with xenograft tumors,
which receive IV NRs and 5 min of heating to 70 degrees
Celsius with an 810 nm laser, showed destruction of all tu-
mors and durable response for up to 50 days [13]. In
addition, gold NRs can be coated with a thermo-sensitive
shell that includes dispersed drug molecules that when
heated release drug in a targeted area [19]. The synergistic
effects of heat and chemotherapy can be quite significant
and thus warrant further investigation to allow for
maximum efficacy of the PTT effect while potentially
reducing toxicity associated with systemic chemother-
apy administration [20].
Based on the published data suggesting both safety and ef-

ficacy of SERS NRS in the treatment of tumors in laboratory
animals, the purpose of this clinical trial was to confirm
these findings in a large animal model of cancer that more
closely recapitulates the natural evolution of tumors. There-
fore, we used dogs with spontaneous tumors in a pilot study
setting to evaluate the feasibility and safety of SERS NRs ad-
ministration combined with NIR diode laser application. A
secondary objective of the study was to determine if this
Table 5 Patient cutaneous and systemic adverse events

Patient Cutaneous adverse events Systemic adverse
events

1 Grade 1 erythema; grade 2 skin
ulceration

None

2 Grade 2 skin ulceration Grade 1 anemia

3 Grade 1 skin ulceration None

4 Grade 2 skin ulceration Grade 2 ALT elevation;
Grade 1 CK elevation

5 Grade 2 skin ulceration Grade 1 anemia

6 Grade 1 edema and swelling None

7 Grade 1 erythema and grade
1 tumor necrosis

Grade 1 nausea; Grade
1 lethargy
therapeutic approach had potential for clinical benefit as
assessed by response to therapy. We predicted that the treat-
ment would be safe and associated with a limited adverse
event profile, and that most dogs would derive clinical bene-
fit from participation in the study.
Administration of NRs and the subsequent NIR treat-

ment laser treatment were well tolerated by all patients
enrolled in this study. Although the number of dogs
treated was small, a diverse set of breeds was repre-
sented and the size ranged from 9.1 to 42.1 kg. The re-
ported adverse events were expected and related to the
extreme intratumoral heating resulting in local cutane-
ous reactions, swelling, edema and redness. These were
self-limiting and nearly all had resolved within 14 days.
One of the challenges encountered was the difficulty in
achieving consistent and even heating within the treated
tumors. In most cases, the tumors developed specific
hot spots within 10–20 s of NIR application and effect-
ively moving the laser to evenly distribute the heating
was affected by tumor size, tumor shape, and to some
degree, operator proficiency. It is likely that this would
improve over time with continued experience using the
NIR. Additionally, the ability to adjust the circumference
of NIR exposure would reduce the need to continually
move the laser and thus reduce the development of
intratumoral hot spots.
In this study, clearance and processing of the SERS

NRs appeared relatively uniform with the exception of a
single outlier. Dogs given a dose of 10 mg/kg NRs
showed both serum and plasma clearance at 72 h to
under 12 μg/ml except in one patient who had a 50% re-
duction of plasma and serum levels (192 μg/ml immedi-
ately after administration to 97μg/ml 72 h later). It is
uncertain at this point what might have contributed to
this occurrence but changes in either absorption or
clearance due to neoplasia, concurrent comorbidities or
idiosyncratic causes are all potential etiologies. Import-
antly, all dogs treated with the NIR laser at 72 h that
had detectable NR plasma levels exhibited no additional
adverse events when compared to those dogs with un-
detectable levels. However, as this was a pilot study, the
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safety threshold for highest potential NR plasma concen-
tration during NIR laser treatment was not determined.
There was no correlation between residual circulating

plasma NR levels and response to treatment (Tables 2, 4)
supporting the notion that intratumoral accumulation and
trapping of the NRs occurred by 72 h post dosing, permit-
ting the observed NIR induced heating to occur.
Two dogs enrolled in this study experienced an object-

ive response to therapy (1 PR, 1 CR). The remaining
dogs had stable disease over the 14 day period of study
evaluation. When the histopathologic results of dogs ex-
periencing SD versus PR/CR were compared, there ap-
peared to be no differences in the degree of treatment
induced necrosis, coagulation and edema. For example,
biopsies from dogs 3 and 5 that experienced SD demon-
strated 60% and 50% necrosis and hemorrhage, respect-
ively. In contrast, biopsies from dogs 1 (CR) and 7 (PR)
had 20% and 0% necrosis and hemorrhage. The authors
recognize that the relative amount of necrosis and
hemorrhage in the pre treatment samples may not be an
accurate representation of the entire tumor, given inherent
intra-tumoral heterogeneity. As 6/7 tumors were removed
in their entirety, intra tumor heterogeneity in the post
treatment samples was minimized as much as possible.
Although all tumors were treated to at least 40 °C,

there was a wide range of temperatures achieved during
NIR application (from 40 to 110 °C). Time to minimum
temperature of 40 °C varied greatly among patients and the
authors hypothesize this is likely due to a variety of factors
including vascularity, accumulation of NRs in tumors and
potentially tumor type. Interestingly, higher temperatures
did not appear to correlate with an enhanced induction of
necrosis or hemorrhage. Further studies are necessary to
determine factors that might be associated with response to
therapy, such as in combination with chemotherapy, in
order to maximize tumor necrosis.
The limitations of this study are similar to most phase 1

trials including a small non-uniform sample size of pa-
tients of varied tumor type and prior therapeutic interven-
tions. Additionally, dose escalation of the NRs was not
performed to interrogate a possible link between dose and
response to therapy. Dogs were only treated once and it is
possible that additional treatments may have enhanced re-
sponse by promoting further intratumoral accumulation
of NRs and thus enhancing the photothermal effect.
Lastly, most tumors (5/7) were removed in their entirety
at the conclusion of the brief study and another tumor
was removed a short time after the study, making it diffi-
cult to draw meaningful conclusions regarding clinical
benefit from the PTTT. It would have been ideal to allow
tumors to be removed after PD was observed; however,
the study was designed as a pilot trial with safety as one of
the primary endpoints and the intention was not to delay
standard of care therapy to patients that were enrolled.
Conclusions
SERs coated gold NRs are safe for parenteral administra-
tion to dogs and the application of NIR treatment fol-
lowing NR administration may hold potential for clinical
benefit in dogs with solid tumors. Expansion to a larger
cohort of dogs affected with a variety of neoplastic dis-
eases than those enrolled in this pilot study is warranted
to truly define the therapeutic potential of this approach.
Opportunities exist to combine NR/NIR therapy with
other standard treatment modalities such as chemother-
apy and immunotherapy to maximize clinical benefit.
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