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Abstract
Photoimmunotherapy (PIT) targets and destroys tumor cells through irradiation with 690-nm 
red light after the administration of cetuximab sarotalocan sodium, which contains IRDye700DX 
bound to cetuximab. In Japan, PIT is a new treatment that is covered by insurance only for 
unresectable head and neck cancers. However, this treatment has conditional early approval. 
There have been no case reports describing the efficacy of this treatment in a real-world 
setting thus far. We report our experience with PIT for head and neck cancer. A 76-year-old 
man with laryngeal cancer underwent radiation therapy and surgery. Skin involvement in the 
right submandibular region was subsequently noted. We diagnosed local recurrence and 
performed PIT for this lesion. Partial response was achieved after the first PIT session, and 
progressive disease was diagnosed after the second session. Many aspects of PIT remain un-
clear and should, therefore, be clarified in further research. Despite this uncertainty, PIT may 
become an effective treatment strategy for head and neck cancer if the patient selection cri-
teria are delineated.
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Introduction

Photoimmunotherapy (PIT) combines a drug with a laser system. Cetuximab sarotalocan 
sodium consists of a photosensitive substance complex of cetuximab, a chimeric antihuman 
epidermal growth factor receptor monoclonal antibody, and a photoactivated dye (IRDye700DX 
IR700; Rakuten Medical). This treatment specifically destroys tumor cells through irradiation 
with 690-nm red light after cetuximab sarotalocan sodium administration [1–3].

However, PIT has only been conditionally approved, and there are currently no clinical 
reports on this treatment. In Japan, PIT is currently covered by insurance only for the 
treatment of unresectable head and neck cancers. Here, we present a case of PIT performed 
at our institution for laryngeal cancer.

Case Report

A 76-year-old man underwent radiation therapy (66 Gy) for managing laryngeal cancer 
(T1aN0M0 stage I squamous cell carcinoma) in November 20xx (date blinded to protect the 
identity of the patient). In September 20xx + 1, the patient underwent vertical partial laryn-
gectomy owing to local recurrence. In December 20xx + 1, a recurrent lesion developed in the 
tracheal mucosa, and the patient underwent total laryngectomy followed by reconstruction 
with a pectoralis major myocutaneous flap. In July 20xx + 2, the patient presented with subse-
quent lymph node metastasis in the right portion of the neck and underwent neck dissection 
on the right side. However, cervical computed tomography (CT) performed in November 
20xx + 2 revealed lymph node metastasis with skin involvement in the right submandibular 
region (Fig. 1a, b). The diagnosis of squamous cell carcinoma recurrence was made using fine-
needle aspiration cytology. Positron emission tomography – CT showed no obvious accumu-
lation of fluorodeoxyglucose, except for a single recurrent lesion in the right submandibular 
region. The patient had undergone radiotherapy and surgery three times. Therefore, we 
decided that PIT was indicated. PIT was approved by the committee of the Japan Society for 
Head and Neck Surgery after a committee pretreatment discussion meeting. Written consent 
was obtained from the patient for this report.

Drug Administration 1 Day before Surgery
Cetuximab sarotalocan sodium (640 mg/m2) was administered intravenously over 2 h.

First PIT Session (January 20xx + 3)
For laser treatment, we used a photodynamic therapy (PDT) semiconductor laser 

(BioBrade® laser; Rakuten Medical) and PDT semiconductor laser probes (BioBrade® cylin-
drical diffuser, BioBrade® frontal diffuser, and BioBrade® needle catheter; Rakuten Medical). 
A cylindrical diffuser emitting a cylindrical laser beam with a radius of 10 mm was used for 
intra-tissue irradiation.

The PIT plan for this patient is shown in Figure 1c. Preoperative CT confirmed that the 
target lesion had not invaded the right common carotid artery. We inserted the needle 
catheter perpendicular to the skin surface and irradiated the skin. Since laser irradiation is 
performed 20–28 h after the end of cetuximab sarotalocan sodium administration, the start 
time of the surgery was adjusted such that laser irradiation could be performed within this 
timeframe.

PIT can only be performed by Head and Neck Illuminox Treatment physicians trained 
and certified by the Head and Neck Illuminox Committee of the Japan Society for Head and 
Neck Surgery. At our institution, the first PIT session was performed by our Head and Neck 
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Illuminox Treatment physician under the guidance of a supervisor invited from the Head and 
Neck Illuminox Committee. Initially, the target lesion was marked and measured as 42 × 33 
mm. The distance from the skin surface to the tumor was measured using echosonography. 
After confirming that the distance from the tumor to the common carotid artery was suffi-
ciently maintained, the puncture points of the needle catheters were determined at five loca-
tions (Fig. 2a). The margin was set at 3 mm to maintain the distance from the common carotid 
artery. Five needle catheters, 50 mm in diameter, and three cylindrical diffusers, 20 mm in 
diameter, were selected. After calibration, the cylindrical diffuser was inserted into the needle 
catheters. Three ports were used for the first irradiation, and two ports were used for the 

a b c

Fig. 1. Target lesion before PIT and treatment. a A tumor measuring 42 × 33 mm present in the right sub-
mandibular region. b CT (axial plane) of the target lesion (yellow arrowheads): 35 × 21 mm. c CT (axial plane) 
showing irradiation direction (red arrows) of the cylindrical diffuser.

a b c

e f g

d

Fig. 2. First and second PIT session and course of treatment. a Determination of the needle catheter puncture 
points. b Laser irradiation using cylindrical diffusers. c Skin findings on day 13. d CT (axial plane) of the 
PIT site (yellow arrowheads): 33 × 26 mm. e Laser irradiation using a frontal diffuser. f CT (axial plane) 
showing a new lymph node metastatic lesion in the right submandibular region (yellow arrowheads): 
15 × 6 mm. g CT (axial plane) showing a new lymph node lesion in the left lateral retropharyngeal region 
(yellow arrowheads).
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second irradiation (Fig. 2b). The duration of irradiation was 8 min and 20 s, and that of surgery 
was 49 min from the start of marking till the end of the operation.

Course of Treatment
The skin findings after the first PIT session are shown. Epidermal peeling commenced on 

postoperative day 1 and gradually spread. On postoperative day 7, the epidermis at the center 
of the lesion became necrotic and sloughed off. The target lesion gradually shrank and disap-
peared on postoperative day 13 (Fig. 2c). No bleeding or signs of infection were observed in 
the irradiated area. No surgical procedures such as debridement were required. A grade 2 
acne-like skin rash was the only adverse effect that occurred. Nonsteroidal anti-inflammatory 
drugs were administered to relieve the pain associated with the adverse reaction.

Cervical CT 1 month after PIT is shown in Figure 2d. Most elevated lesions in the right 
submandibular region were reduced in size, although a 33 × 6-mm-sized lesion with a contrast 
effect centered on the epidermis remained.

Second PIT Session
The second PIT session was performed 6 weeks after the first. The target lesion was a 

superficial lesion with a depth of 6 mm. The second treatment plan was to irradiate the lesion 
horizontally via the cylindrical diffuser and subsequently add a frontal diffuser to the epidermis. 
We selected two 70-mm needle catheters and two 40-mm cylindrical diffusers and set the 
diameter of the frontal diffuser to 38 mm (Fig. 2e). The duration of irradiation was 9 min and 
43 s, and that of surgery was 37 min from the start of marking till the end of the operation.

Course of Treatment
The skin findings after the second PIT session are shown. On postoperative day 7, the 

center of the lesion became necrotic, and the epidermis began to slough off. Thereafter, the 
target lesion remained unchanged; however, on postoperative day 35, swelling of the subman-
dibular lymph node on the medial side of the target lesion was observed. Cervical CT showed 
a ring-enhanced lymph node metastasis with a maximum diameter of 16 mm in the right 
submandibular region (Fig. 2f). Additionally, a left retropharyngeal lymph node was present 
(Fig. 2g). The lesion at the site of laser irradiation was considered stable, but the effect of the 
second PIT session was determined to be progressive. A third PIT session was considered, 
although it was thought that the left retropharyngeal lymph node would be difficult to control 
with PIT. Thus, we decided to change the treatment strategy to pembrolizumab and other 
pharmacological therapies. The best overall response to PIT in this patient was the partial 
response.

Discussion

To our knowledge, this is the first real-world case report describing the treatment course 
and adverse events of PIT for managing head and neck cancer. In this patient, most of the 
target lesions disappeared following necrosis after the first PIT session, whereas the recurrent 
lesion was shed following necrosis after the second PIT session. Thus, tumor cell destruction 
in the target lesion at the laser irradiation site was considered to have occurred. Nonetheless, 
there was no immune response to immunogenic cell death, such as activation of immune cells 
[4] and an abscopal effect [5, 6]. This was indicated by the exacerbation of the target lesion 
and the appearance of multiple new lesions.

Photosensitivity is a common adverse event associated with PIT and PDT. At our insti-
tution, we have performed PDT for managing lung and brain tumors. We have also performed 
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PDT in 24 patients with head and neck cancer in a clinical trial [7]. All patients with head and 
neck cancer had photosensitivity, although none required treatment. Thus, we concluded that 
photosensitivity is not an issue if appropriate measures are taken [8].

The proper timing of PIT implementation for cancer treatment is difficult to assess. We 
consider PIT to be the last line of local treatment and the point of immunotherapy initiation. 
Immune checkpoint inhibitor treatment after PIT has been suggested to be effective [9], 
and we believe that this treatment can be administered before starting drug therapy. 
However, patient eligibility and the definite therapeutic effects of the treatment remain 
unclear.

Our institution has an International Medical Care Department and a system to provide 
appropriate medical care to foreign visitors. PIT is a treatment that is only covered by 
insurance in Japan, and we are expecting a substantial response. We intend to study the 
efficacy of the treatment by treating PIT-eligible patients not just in Japan but worldwide.

Conclusion

We described the progress of PIT based on our treatment experience at our institution. 
Many aspects of PIT remain unclear and should, therefore, be clarified in further research. 
Despite this uncertainty, PIT may become an effective treatment strategy for head and neck 
cancer if the patient selection criteria are delineated.
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