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Photohyperthermal therapy using liposomally formulated
indocyanine green for feline nasal lymphoma: A case report
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Abstract. Our previous research has focused on the develop-
ment of a novel cancer therapy by using photohyperthermal
therapy (PHT) with indocyanine green (ICG) as an optical
sensitizer. ICG-Lipo is a liposomally formulated ICG deriva-
tive in which ICG is tagged with an octadeca-alkyl chain to
incorporate into liposome bilayers, and contains antitumor
drugs such as carboplatin and paclitaxel within the inner
membrane space. The present study reported a case of feline
nasal lymphoma that was treated with combination therapy
of PHT with ICG-Lipo. An antitumour effect was observed,
and the patient entered remission. Complications from the
radiation treatment included skin burns and bleeding from the
irradiated hard palate. Serious side effects related to the drugs
were not observed. This report suggested that PHT using
ICG-Lipo enabled efficient and safe treatment of lymphoma,
and that treatment with a liposomal drug delivery system was
enhanced by PHT.

Introduction

Feline nasal lymphoma is the most common nasal tumour
diagnosed in cats (1,2). It is a relatively treatable tumour, with
remission rates of 65-75% observed when various chemo-
therapy protocols are used (3). The median survival time
(MST) of feline nasal lymphoma is 473 days with combined
radiation therapy and chemotherapy, and 320 days with
chemotherapy alone (4). Chemotherapy and radiation therapy
are effective for the treatment of feline nasal lymphoma, and
surgery is not required (4). Despite the effectiveness in treating
feline nasal lymphoma, chemotherapy and radiation have
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significant limitations; both have severe side effects, including
bone marrow suppression and skin ulcers (5-8). Moreover,
treatment is restricted by a repeated requirement for anaes-
thesia and high cost. The development of less burdensome and
low-cost treatments would be beneficial in clinical settings.

Photohyperthermal therapy (PHT), combining photodynamic
therapy (PDT) and photothermal therapy, has been investigated
as safe and low-cost treatments for cancer (9-11). PHT is used
in combination with near-infrared light (NIR) and a photosen-
sitizer, such as indocyanine green (ICG) or aminolevulinic acid.
The resulting activated oxygen has an anti-tumour effect (10,11).
ICG has a peak spectral absorption of ~780 nm and peak fluo-
rescence emission at ~820 nm. It induces heat and singlet oxygen
formation in response to NIR light with a wavelength of 800 nm
and is characterized by low general toxicity (10). The principal
disadvantage of ICG is its rapid clearance from the body (plas-
matic half-life of 2-4 min), limiting its accumulation within
tumours (12). Several studies have reported the use of liposomally
formulated ICG for optical imaging and cancer therapy, which
improves its tumour-accumulating ability and stability (12-14).
Liposomal drug delivery systems have enhanced permeability
retention effects, which can increase the stability and accu-
mulation within tumours of ICG (15,16). Suganami et al (13),
designed and synthesised a novel NIR photoactivating probe,
which is more hydrophobic compared with conventional ICG
to promote liposome formation. Toyota et al (17), reported that
a liposomally formulated ICG derivative (ICG-Lipo) yielded
strong fluorescence images under an NIR-fluorescence imaging
system. PDT using ICG-Lipo was reported to induce antitumour
effects in vitro and in vivo (18,19). The present study describes a
case of feline lymphoma that was treated with the combination
therapy of PHT with ICG-Lipo.

Case report

A 10-year-old male cat (weight, 4.1 kg) presented with primary
symptoms of sneezing, and nasal mucus and conjunctival
injection in the right eye. The cat was initially diagnosed
with an upper respiratory infection and prescribed an anti-
biotic. All the symptoms disappeared, with the exception
of conjunctival hyperaemia. After 1 month, sneezing, nasal
haemorrhage, protrusion of the right eye and facial swelling
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Figure 1. Gross appearance of the subject's face during the course of treatment. (A) Face is swollen, and the right third eyelid is observed on day 0. (B) Swelling
disappeared on day 98 after the fifth course of PHT and (C) remained absent at 151 days. (D) Symptoms recurred on day 168 and (E) swelling of the face

increased on day 201. PHT, photohyperthermal therapy.

were observed (Fig. 1A). Gingivitis was observed around
the right upper premolar, which led to the diagnosis of a root
abscess. Tooth extraction was performed with a routine course
of post-operative antibiotics. However, the symptoms did not
improve, and the facial swelling deteriorated. Cancer was
suspected, and the owner was advised to seek treatment at a
secondary hospital. The owner selected to have the cat treated
at the primary hospital, where the combination therapy of PHT
with ICG-Lipo was performed. This procedure was approved
by the Organization for Research Initiative and Promotion in
Tottori University (ethical approval no. H28-007).

ICG-Lipo, comprised of 2.25 mg ICG-C18 (ICG derivative
in which ICG is tagged with an octadeca-alkyl chain), 10 mg
carboplatin (Nichi-Iko Pharmaceutical Co., Ltd.) and 0.6 mg
paclitaxel (Bristol-Myers Squibb), was diluted with 50 ml PBS
(pH 7.4) at room temperature and administered intravenously at
a rate of 50 ml/h. Light irradiation was performed using a basic
semiconductor laser (DVL-15; Asuka Medical, Inc.) five times
a week for 2 weeks (Fig. 2). The total dose of light that the cat
was subjected to per irradiation was 6,000 J; light was irradiated
at a dose rate of 5-10 W. Adjuvant therapy for the tumour was
not administered. Fluid infusion was administered only when
the cat exhibited a poor appetite. Five courses of combination
therapy of PHT with ICG-Lipo were administered at 0, 25, 43,
60 and 74 days. Progressive improvement and deterioration of
symptoms was observed between the first and fourth course
of treatment. After the fifth course, facial swelling and nasal
congestion showed dramatic improvement (Fig. 1B). Remission
was confirmed and combination therapy was completed at the
end of the fifth course. The tumour remained in remission for
151 days (Fig. 1C). The cat experienced skin burns and showed
bleeding from the irradiated hard palate. These complications
were treated by haemostasis under anaesthesia. No side effects
of the antitumour drugs were observed, which was supported
by complete blood counts between treatments. The symptoms
reappeared after 168 days (95 days after the end of PHT; Fig. 1D)
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Figure 2. Treatment schedule of photohyperthermal therapy. A liposomal
formulation of ICG was administered on day 0. Over 2 weeks, 10 courses of
light irradiation were performed. The power of the light used for each session
was 6,000 J. ICG, indocyanine green.

and the facial swelling increased (Fig. 1E). Six additional courses
of combination therapy were administered at 173, 202, 224,
239, 252, 273 and 359 days. The effects of the treatment were
reduced compared with those observed during the first course
of treatment. The cat was diagnosed with renal insufficiency on
day 359. The cat's general condition progressively worsened, and
the cat was euthanised on day 401. The facial tumour was diag-
nosed as lymphoma and metastases were found in the kidney
during necropsy. Immunohistochemical examination was not
performed, as the owner did not desire it for economic reasons.

Discussion

The survival time (401 days) in the present case was longer
than the MST (320 days) observed with chemotherapy
alone (4). The increased survival time compared with the MST
suggested that the combination therapy of PHT with ICG-Lipo
is potentially effective for treating feline nasal lymphoma. The
effects of the combination therapy were not observed until
2 months after the commencement of treatment, at the fifth
course, when there was a dramatic decrease in the tumour.
The effect of the treatment continued, and the remission phase
lasted for ~3 months. It is proposed that continuous treatment
is required for long-term remission.
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It was recently reported that the antitumour effect of the
PHT/ICG-Lipo combination therapy was associated with an
immunological mechanism (20). According to a report into
using immunotherapy with programmed death (PD)-ligand 1 to
treat a tumour, the tumour size temporarily increased and subse-
quently decreased (21). The tumour volume may have increased
due to an inflammatory response. Alternatively, there may be
a time-lag between the initiation of treatment and observation
of the effect. In the present case, improvement and deteriora-
tion of the symptoms were observed throughout the course of
treatment. The patient's response may have been a result of an
increased immune response induced by PHT with ICG-Lipo.

However, significant treatment effects were not observed
after relapse. The tumour cells may have become drug-resis-
tant. If the antitumour effect was related to an immunological
mechanism, the tumour may have expressed immune check-
point molecules (such as PD-1 or cytotoxic T-lymphocyte
associated protein 4). However, a biopsy could not be
performed, thus it was not possible to compare molecular
expressions between the primary and recurrent tumour. The
immune effects of PHT with ICG-Lipo may be demonstrated
via immunohistochemical examination for immune checkpoint
molecules.

This is the first report of PHT with ICG-Lipo containing
an antitumour drug. In this case, ICG-Lipo contained carbo-
platin and paclitaxel, and their dose was ~10% of the standard
administration protocol (22-24). Notable therapeutic effects
were observed without the usual side effects of antitumour
drugs. The encapsulation capacities of carboplatin and pacli-
taxel in liposomal pharmaceuticals were reported as 12 and
28%, respectively (25). Antitumour effects were demonstrated
in a previous study (25); however, the compound ratio of
ICG-Lipo was not validated in this study. It is proposed that
the compound ratio is similar to that utilised in the previous
report (25), thus an antitumour effect was predicted.

In human medicine, nasal lymphoma is known as extra-
nodal natural killer/T-cell lymphoma, nasal type (26). The
lymphoma originates from either natural killer cells or yd
T-cells, both of which express CD56 (26). Conversely, a B-cell
phenotype comprises 40% of feline nasal lymphomas, and a
T-cell phenotype comprises 47% (27). Moreover, the patho-
logical features of human and feline nasal lymphomas are
different. Thus, the findings from the present study may not
contribute directly to human medicine. However, the treatment
strategies for feline lymphoma are relatively similar to that for
human lymphoma. It is proposed that PHT with ICG-Lipo has
the potential to be effective in treating human lymphomas.

In conclusion, the present case report described the first
treatment of nasal feline lymphoma using combination therapy
of PHT with ICG-Lipo. The present case showed a satisfac-
tory outcome compared with chemotherapy alone. PHT with
ICG-Lipo is easy to perform and the side effects are less
severe. However, a single case is insufficient to prove the exact
treatment effects of PHT with ICG-Lipo. A clinical trial with a
large study population is required to prove the efficacy of PHT
with ICG-Lipo for treating nasal feline lymphoma.
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