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Near-infrared photoimmunotherapy (NIR-PIT) is a novel therapeutic approach that targets epidermal growth
factor receptor (EGFR). In NIR-PIT, administration of cetuximab sarotalocan sodium is followed by laser irra-
diation of the affected area, which theoretically should induce tumor cell death. However, residual tumors are
occasionally observed. This study investigated factors that influence the therapeutic efficacy of NIR-PIT in cases
of recurrence of cancer at the base of the tongue. Six patients undergoing 11 treatment cycles were analyzed,

focusing on the puncture interval of cylindrical diffusers and the expression of EGFR in tumors. The results
demonstrated that a puncture interval of <12 mm significantly enhanced therapeutic efficacy, with one case
achieving complete response. EGFR expression was positive in all cases and expression score showed no sig-
nificant change between before and after treatment. These findings suggest that puncture interval plays a critical
role in therapeutic outcomes, whereas EGFR expression may not directly influence treatment efficacy.

1. Introduction

In Japan, near-infrared photoimmunotherapy (NIR-PIT) became
available for unresectable recurrent head and neck cancer in January
2021. NIR-PIT induces tumor necrosis by irradiation of the tumor with
nonthermal red light (690 nm) after administration of cetuximab sar-
otalocan sodium, which contains IRDye700DX bound to cetuximab [1,
2].

In theory, administration of cetuximab sarotalocan sodium followed
by irradiation with laser light should eradicate tumor cells; however,
residual tumor cells are sometimes observed. Possible reasons for the
insufficient therapeutic effect include inadequate laser irradiation and
low epidermal growth factor receptor (EGFR) expression in the tumor.
To the best of our knowledge, no report has thoroughly investigated
these factors. In this study, we evaluated outcomes of NIR-PIT for
recurrent cancer at the base of the tongue and investigated the factors
influencing its therapeutic efficacy.

2. Materials and methods
2.1. Patients

The participants were six patients (11 cycles) with recurrent cancer
at the base of the tongue who were treated with NIR-PIT in our
department between January 2021 and December 2023. All patients had
a history of prior treatments, including surgery, chemotherapy, and
radiotherapy (Table 1). Based on preoperative imaging assessments,
lesions situated near major arteries were excluded from eligibility for
NIR-PIT, as their anatomical proximity posed a heightened risk of intra-
procedural bleeding and post-treatment hemorrhage. We recorded the
puncture interval during treatment with a cylindrical diffuser for each
cycle, tumor size before and after treatment, and EGFR expression in
collected specimens. Tumor size was measured using CT or MRI,
depending on the case, and compared before and after treatment. Subtle
lesions that could not be visualized by imaging were measured by direct
observation. Measurements were obtained before subsequent treatment
in patients who underwent additional therapy, and from clinical eval-
uations in patients who received no further treatment. All study pro-
tocols were approved by the institutional review board of our
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Table 1
Summary of prior treatments, including surgery, radiotherapy, and chemo-
therapy, in each case.

Case  Age Primary History of surgery History of
(67%] tumor site radiotherapy and
chemotherapy
©) 81 Tongue Partial tongue resection RADPLAT, S-1
@ 73 Hypopharynx Total CCRT (CDGP + 5-
pharyngolaryngectomy FU)
ESD
® 74 Hypopharynx TOVS ESD Radiotherapy
@ 74 Hypopharynx Total laryngectomy ESD Radiotherapy
® 69 Oropharynx Oropharyngeal resection Pem + CDDP + 5-
FU*
® 81 Oropharynx Resection of tongue and CCRT (CDDP + 5-

floor of mouth FU)

RADPLAT, radiotherapy and concomitant intraarterial cisplatin; ESD, endo-
scopic submucosal dissection; CCRT, concomitant chemoradiotherapy; TOVS,
transoral videolaryngoscopic surgery.

*Received radiotherapy for tongue cancer.

department (approval No Rin2241). Informed consent was obtained
from all patients.

3. Case summaries
3.1. Case 1

Three years ago, the patient underwent concurrent chemo-
radiotherapy for tongue cancer, which included intra-arterial chemo-
therapy with cisplatin (Cisplatin, 100 mg/m?) and radiation therapy (60
Gy). Fifteen months prior to the current presentation, local recurrence
was noted in the tongue, and partial tongue resection was performed. A
new recurrent lesion was detected at the base of the tongue, for which
photoimmunotherapy (PIT) was subsequently administered.

3.2. Case 2

Eleven years ago, the patient received chemoradiotherapy for
hypopharyngeal cancer (one cycle of Nedaplatin, 120mg/body plus 5-
Fuorouracil, 750mg/body and 60 Gy of radiation). In the same year,
subtotal esophagectomy was performed for concurrent esophageal
cancer. Three years ago, recurrence of hypopharyngeal cancer was
observed, and the patient underwent total pharyngolaryngectomy. At
the present visit, a recurrent lesion at the base of the tongue was iden-
tified, and PIT was applied. Notably, the patient has undergone a total of
four endoscopic submucosal dissections (ESD) for superficial pharyngeal
carcinoma to date.

3.3. Case 3

The patient had received radiotherapy for base of tongue cancer
(details unavailable). Four years ago, partial glossectomy was performed
for tongue cancer. In the same year, cervical lymph node metastases
were detected, and the patient underwent both partial glossectomy and
neck dissection. Two years ago, recurrence at the base of the tongue was
treated with transoral videolaryngoscopic surgery (TOVS). Upon further
recurrence at the same site, PIT was administered for the recurrent
lesion. Notably, the patient has undergone a total of five ESD for su-
perficial pharyngeal and esophageal carcinoma to date.

3.4. Case 4

Twenty-three years ago, the patient underwent radiotherapy (70 Gy)
for glottic cancer. One year later, recurrence was noted, and the patient
underwent total laryngectomy and neck dissection. Five years ago,
recurrence in the oropharynx was identified, and oropharyngeal tumor
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resection with neck dissection was performed. Two years ago, the pa-
tient underwent ESD for superficial oropharyngeal carcinoma and sub-
total esophagectomy for concurrent esophageal cancer. A new
recurrence at the base of the tongue was observed, and PIT was applied
to the lesion.

3.5. Case 5

Eighteen years ago, the patient received partial resection of tongue
and oropharyngeal, and chemoradiotherapy for tongue cancer (details
unavailable). One year later, metastatic pulmonary lesions were detec-
ted and treated with partial lung resection. Three years ago, recurrence
at the base of the tongue and metastatic pulmonary lesions were iden-
tified, and chemotherapy with pembrolizumab, cisplatin, and 5-Fuor-
ouracil was initiated. Due to tumor progression, the regimen was
switched to cetuximab and paclitaxel. While both lesions showed partial
response, they remained persistent. Further chemotherapy was deemed
infeasible due to the development of paclitaxel-induced retinopathy.
Therefore, partial lung resection was performed for the pulmonary
metastases, and PIT was applied to the tumor at the base of the tongue,

3.6. Case 6

Six years ago, the patient underwent resection of partial tongue and
floor of mouth, and neck dissection for tongue cancer, followed by
postoperative chemoradiotherapy (two cycles of Cisplatin, 100mg/body
plus 5-Fuorouracil, 800mg/body, and 60 Gy of radiation). Six months
ago, recurrence was observed extending from the lateral wall of the
oropharynx to the base of the tongue, for which partial pharyngectomy
was performed. A subsequent recurrence at the base of the tongue was
identified, and PIT was administered for this lesion.

4. Immunohistochemistry and EGFR evaluation

Paraffin-embedded tissue sections were used for IHC staining with
the EGFR antibody (1:200, ab52894, Abcam) using an automated BOND
Max stainer (Leica Biosystems, Wetzlar, Germany). EGFR scoring was
conducted using the method described by Robert et al., with evaluations
performed by a single pathologist [3]. For sections with analyzable
tumor cells, membrane staining intensity was classified into four cate-
gories: no staining (0), weak staining (1+, light brown membrane
staining visible only under high magnification), intermediate staining
(2+, between 1+ and 3+), and strong staining (34, dark brown linear
membrane staining visible under low magnification). Using prospec-
tively collected immunohistochemistry data, an EGFR immunohisto-
chemistry score was generated on a continuous scale ranging from 0 to
300. The score was calculated by integrating staining intensity and
frequency data, using the following formula:

1 x (percentage of cells staining weakly[1+])
+2 x (percentage of cells staining moderately[2+])
+3 x (percentage of cells staining strongly[3+]).

5. Results

Mean patient age was 75.3 years, all of whom were male. The pri-
mary tumor sites included the hypopharynx (3 cases), oropharynx (2
cases), and tongue (1 case). All tumors were histopathologically diag-
nosed as squamous cell carcinoma. In all cycles, a cylindrical diffuser
was used, and no cycles involved the use of a frontal diffuser. Frontal
diffusers require perpendicular irradiation to the target lesion. However,
due to anatomical constraints, perpendicular irradiation is not feasible
for recurrent lesions at the base of the tongue. Therefore, laser light was
delivered via puncture from the neck using a cylindrical diffuser.
Puncture sites for cylindrical diffusers were generally confirmed using
ultrasound and fiberoptic endoscopy guidance. Despite a history of
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various prior treatments in all cases, scarring was minimal and did not
interfere with the puncture procedures. In patients who had not un-
dergone total laryngectomy, tracheostomy was performed to prevent
airway obstruction.

Tumor enlargement was observed in two cycles where cylindrical
diffusers were inserted at 18 mm intervals. Among the five cycles with
15 mm intervals, both tumor reduction and enlargement were noted. All
cases with punctures at 12 or 10 mm intervals showed a reduction in size
(Table 2). In Case 4, the tumor reduced to the point where it could no
longer be measured, and complete response was achieved in Case 5.
Tumor evaluation was not conducted for the third cycle of Case 1 or the
first cycle of Case 6.

Mild pain (CTCAE Grade 1-2) was observed in all cases, and local-
ized edema occurred in several patients, which resolved within a few
days without intervention. No severe adverse events such as bleeding,
fistula formation, or infection were observed during the study. Addi-
tionally, despite prior surgical and radiotherapeutic interventions, no
technical difficulties related to puncture or increased risk of complica-
tions were encountered. Preventive tracheostomy was performed in
patients without prior laryngectomy to avoid airway obstruction.
Overall, the morbidity associated with NIR-PIT in this cohort was
considered low.

EGFR immunostaining was performed on specimens obtained before
and after NIR-PIT. EGFR positivity was observed in all evaluable cases.
There was no difference in EGFR score between before and after treat-
ment in any patient (Table 3 and Fig. 1).

6. Discussion

In this study, we hypothesized two possible causes of variability in
the treatment efficacy of NIR-PIT: (1) insufficient laser light irradiation
to the tumor, and (2) low EGFR expression in the tumor, and found that
shorter puncture intervals provided better treatment results whereas
EGFR expression status was not relevant.

Although puncture intervals of 16-18 mm were originally recom-
mended, many clinicians in real-world practice perceived that these
intervals resulted in suboptimal efficacy. Accordingly, in our institution,
puncture intervals were progressively shortened with increasing

Table 2
Insertion intervals of cylindrical diffusers and corresponding changes in tumor
size before and after NIR-PIT.

Case Cycle Number of Puncture Tumor size Tumor size
diffusers interval before NIR- after NIR-PIT
used (mm) PIT (mm) (mm)
® Ist CD20 x 4 18 10 x 20 x 20 18 x 20 x 20
(POD27)
2nd CD20 x 4 18 18 x 20 x 20 15 x 26 x 20
(POD25)
3rd CD20 x 2 + 15 15x 26 x 20 NA
CD30 x 3
® 1st CD20 x 4 + 15 25 x 20 x 27 15 x 20 x 20
CD30 x 1 (POD48)
2nd CD20 x 3 15 15 x 20 x 20 23 x 21 x 23
(POD27)
® 1st CD20 x 4 + 15 24 x 17 x 25 20 x 15 x 20
CD30 x 1 (PODA41)
2nd CD20 x 5 15 20 x 15 x 20 19 x 16 x 22
(POD22)
@ Ist CD20 x 8 12 32x0x15 28 x 0 x 10
(POD43)
2nd CD20 x 7 10 28 x 0 x 10 Almost CR
(POD63)
® Ist CD20 x 10 10 20 x 9 x 19 CR (POD68)
® 1st CD20 x 5 10 18 x 10 x 18 NA

CD, cylindrical diffuser; CR, complete response; NIR-PIT, near-infrared photo-
immunotherapy; NA, not available; POD, postoperative day.

The term "0 mm" indicates that the tumor is a superficial carcinoma that cannot
be visualized on imaging.
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Table 3
EGFR expression scores in each case and changes before and after NIR-PIT,
where available.

Case Cycle EGFR score before NIR-PIT EGFR score after NIR-PIT
©) 1st 272 -
@) 1st 290 278 (POD28)
2nd 278 291 (POD32)
® 2nd 270 197 (POD27)
® 1st 234 228 (POD49)
2nd 228 209 (POD72)
® st 287 -
® 1st 226

EGFR, epidermal growth factor receptor; NIR-PIT, near-infrared photo-
immunotherapy; POD, postoperative day.
"-" indicates no available specimen for evaluation.

treatment experience [4]. To minimize bias, we limited our analysis to
cases for which NIR-PIT was performed by a single operator in the same
tumor subregion, focusing exclusively on the two factors mentioned
above. Regarding puncture interval, all cycles with 12 mm and 10 mm
intervals showed tumor reduction, with some achieving complete
response. However, given the heterogeneity of tumor tissues, the extent
of light penetration within the tumor may not be fully determined by
puncture interval alone. We will continue to accumulate cases to enable
statistical analysis and further evaluate this treatment. In addition, as
light attenuation can vary depending on the tumor type, more detailed
basic medical studies are needed to examine the actual extent of laser
light irradiation within the tumor.

EGFR immunostaining was positive in all cases, with no significant
difference in EGFR score between the pre- and post-treatment speci-
mens. If NIR-PIT effectively eliminated tumor cells expressing EGFR, a
reduction in EGFR-expressing cells and lower scores would be expected
post-treatment. However, no significant changes were observed, sug-
gesting that EGFR-expressing cells may persist after treatment. One
possible explanation is that cetuximab sarotalocan sodium may not bind
to all EGFR-expressing cells, which warrants further investigation.

This study has several limitations. As this is a novel treatment, the
sample size was inherently small. Furthermore, limiting the analysis to a
single tumor subregion further reduced the number of cases, making
statistical analysis infeasible. However, this approach was necessary to
eliminate confounding factors such as differences in tumor subregions,
treatment methods, or operators. Additionally, the timing of evaluations
differed. Ideally, tumor size and pathological evaluations would be
conducted at consistent intervals post-treatment. However, given the
retrospective nature of the study using clinical specimens, this was
challenging. Although we were unable to quantify the precise increase in
laser light delivery resulting from shortening the puncture interval from
18 mm to 10 mm, treatment efficacy appeared to improve, and no
apparent increase in complications was observed. Nonetheless, it is
important to note that the present study was not designed to compre-
hensively assess the safety of shorter puncture intervals. Therefore,
although the observed outcomes are promising, further accumulation of
clinical cases and careful evaluation of safety are warranted before
broad clinical application. Despite these limitations, we believe our
analysis provides valuable insights into the treatment efficacy of NIR-
PIT.

7. Conclusion

Puncturing and irradiating with cylindrical diffusers at 12 mm or 10
mm intervals appeared to enhance the treatment efficacy of NIR-PIT. Of
note, EGFR expression was observed in all cases, with no significant
difference in expression scores before and after treatment. These find-
ings suggest that EGFR expression may have limited relevance to the
treatment efficacy of NIR-PIT.
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Fig. 1. EGFR immunostaining. (a) Pre-treatment, (b) post-cycle 1, and (c) post-cycle 2 specimens of case 2. (d) Pre-treatment (e) post-cycle 1, and (f) post-cycle 2

specimens of case 4.
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