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Abstract:

Introduction: Near-infrared photoimmunotherapy (NIR-PIT) has emerged as a promising treatment for unresectable lo-
cally advanced or recurrent head and neck cancer. This study aimed to identify potential predictors of NIR-PIT efficacy
before treatment by focusing on blood biomarkers in addition to pathological findings, including epidermal growth factor
receptor (EGFR) expression in tumors.

Methods: A retrospective analysis of the medical records of 10 patients with head and neck cancer, who exhibited con-
firmed EGFR expression and underwent NIR-PIT treatment at Akita University Hospital from December 2021 to April
2024, was conducted (13 cycles of NIR-PIT). EGFR expression, cluster of differentiation (CD)4/CD8 ratio, regulatory T
cell (Treg) frequency, serum albumin, neutrophil-to-lymphocyte ratio (NLR), and neutrophil-to-eosinophil ratio (NER)
were calculated from the tumor tissue and blood collected immediately before treatment. Correlations of these factors with
tumor response to NIR-PIT were determined.

Results: The objective response rate (ORR) was 61.5% and the disease control rate (DCR) was 100%. A statistically signifi-
cant association was observed between the EGFR index and tumor response. No statistically significant correlation was
found between other biomarkers (CD4/CDS8 ratio, Treg frequency, serum albumin, NLR, NER) and tumor response.
Conclusions: These findings underscore the important role of EGFR expression in predicting the efficacy of NIR-PIT in
the management of head and neck cancer, and highlight the significance of incorporating EGFR assessment in patient selec-
tion and optimized treatment strategies. Further studies are needed to elucidate the role that these other potential predic-
tors, including tumor immune response markers, play in NIR-PIT outcomes.
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Introduction ment, this therapy consists of a conjugate of the light-absorb-

ing dye IRDye700DX (IR700) and an antibody, specifically

Near-infrared photoimmunotherapy (NIR-PIT) is an innova-
tive cancer treatment that combines the specificity of anti-
body-targeting with the cytotoxic effects of NIR light. This
treatment consists of a tumor-targeting monoclonal antibody
conjugated to a phthalocyanine dye, which selectively binds to
cancer cells. Upon exposure to NIR light, the dye is activated,
resulting in localized cell death and the induction of immuno-
genic cell death (ICD), which can stimulate a broader im-
mune response against the tumor .

NIR-PIT has been administered in Japan for treating un-
resectable locally advanced or recurrent head and neck cancers
since its introduction in 2021. For head and neck cancer treat-

targeting the epidermal growth factor receptor (EGFR),
which is overexpressed in a majority of head and neck squa-
mous cell carcinomas (HNSCC) @.

Clinical studies have yielded promising results, with high
response rates and manageable adverse events @@, The tumor-
specific nature of NIR-PIT and its potential to induce im-
mune responses make it a promising option for locoregional
recurrent or metastatic disease “.

The accurate prediction of treatment outcome is para-
mount in clinical oncology. The identification of patients like-
ly to benefit from a specific therapy facilitates optimized treat-
ment planning, minimizes unnecessary complications, and im-
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proves resource allocation ©.

Many factors have been evaluated as predictors of treat-
ment efﬁcacy in various cancers, including patient Eastern Co-
operative Oncology Group (ECOG) performance status
(PS) ©, peripheral blood parameters ?®, and tumor character-
istics, such as the expression of molecular markers ©.

NIR-PIT is likely influenced by various factors, including
its mechanism of action, target molecule expression, and intra-
tumoral immune responses " . Previous studies indicate
that the neutrophil-to-lymphocyte ratio (NLR) before NIR-
PIT treatment can predict treatment outcome *?; however,
factors that predict NIR-PIT efficacy before treatment initia-
tion remain unclear.

Because of the important role of EGFR in the mechanism
of NIR-PIT in head and neck cancer, we hypothesized that
EGFR expression within the tumor significantly influences
treatment outcomes. However, the clinical significance of
EGFR expression in predicting NIR-PIT efficacy in this pa-
tient population has not been evaluated. Therefore, to address
this knowledge gap, we conducted a study to identify poten-
tial predictors of NIR-PIT efficacy before treatment, focusing
on both tumor tissue and peripheral blood data collected from
patients with head and neck cancer.

Materials and Methods

Patients and data collection

We reviewed the medical records of consecutive head and neck
cancer patients with SCC or non-SCC with confirmed EGFR
expression, who were treated with NIR-PIT at the Depart-
ment of Otorhinolaryngology-Head and Neck Surgery, Akita
University Hospital (Akita, Japan) from December 2021 to
April 2024, in which treatment for tumor size could be meas-
ured by imaging before treatment and pathological evaluation
of the tissue was available.

This study was approved by the Institutional Review
Board of Akita University Hospital (No. 3154) and conduct-
ed according to the principles of the Declaration of Helsinki.
Because of the retrospective nature of the study, the require-
ment for patient informed consent was waived; however, pa-
tients were allowed to decline the use of their clinical records
for research (opt-out consent provision). The study began on
September 1, 2024, and participant data were collected from
the beginning of the study to December 1, 2024, which was
the cutoft date. All patient data were coded to ensure the pri-
vacy of the subjects and data confidentiality.

Tumor response was assessed according to the Response
Evaluation Criteria in Solid Tumors, version 1.1. The objec-
tive response rate (ORR) was defined as the proportion of pa-
tients who exhibited complete response (CR) or partial re-
sponse (PR) as the best response. The disease control rate
(DCR) was defined as the proportion of patients who exhibit-
ed a CR, PR, or stationary disease (SD) as the best response.

The clinical response to treatment was evaluated using com-
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puted tomography every 4-12 weeks. Progression-free survival
(PES) was defined as the time from each cycle of NIR-PIT un-
til disease progression, death from any cause, or the cutoff date
if no progression occurred. Overall survival (OS) was defined
as the time from the initiation of the first NIR-PIT until
death from any cause or the cutoff date.

Measurement of the peripheral blood
biomarkers

The following parameters were simultaneously measured from
complete blood count measurements obtained 1-3 days before
each NIR-PIT treatment: serum albumin (Alb), NLR, and
neutrophil-to-eosinophil ratio (NER). NLR was defined as
the ratio of the neutrophil count divided by the lymphocyte
count. NER was calculated by the neutrophil count divided
by the eosinophil count.

Immunohistochemistry and classification of
pathological findings

Tumor tissues collected immediately before NIR-PIT treat-
ment were fixed with 10% neutral buffered formalin, and con-
secutive sections were cut every 5 mm and 4-Um thick. The
sections were stained with hematoxylin and eosin. Polyclonal
EGFR, cluster of differentiation (CD)4, CDS8, and forkhead
box P3 (Foxp3) antibodies were used for immunohistochemi-
cal staining. The identification of regulatory T cell (Treg) was
performed by the expression of CD4 and Foxp3. The tumor
microenvironment was examined, and the CD4/CDS8§ ratio
and Treg frequency of the infiltrating lymphocytes was calcu-
lated. EGFR expression was scored based on a previous re-
port . Briefly, EGFR staining areas received a score of 0 if
<10% of cells in the tumor nest were stained, a score of 1 for
>10% and <50% were stained, and a score of 2 if =50% were
stained. The EGFR staining intensity was also scored from 0
to 2, and an EGFR index was calculated (range: 0-4) as EGFR-
positive area (0-2) x EGFR intensity (0-2) (Figure 1).

Statistical analysis

A two-tailed Mann-Whitney U test was used to assess the stat-
istical significance of differences in the variables of each pa-
rameter and the response to NIR-PIT. The Spearman’s rank
correlation coefficient was used to assess the significance of the
correlation between each parameter and PFS. A p <0.05 was
considered statistically significant. The statistical analyses were
performed using EZR, version 4.0.0 (Saitama Medical Center,
Jichi Medical University, Saitama, Japan).

Results

Patient characteristics

In Japan, NIR-PIT treatment may be repeated for up to four
cycles. During the study period, a total of 13 NIR-PIT cycles
were performed on 10 patients. Six received one cycle, and
four received two cycles with NIR-PIT. Patient demographics
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Figure 1. EGFR expression in tumor.

Immunohistochemical analysis of (a) Index = 4 (positive area, 2; intensity, 2) and (b) Index = 1 (positive area, 1; intensity, 1)

specimens.

Table 1. Clinical Characteristics and Clinical Outcome of 10 Patients Treated With NIR-PIT.

Histology

BOR

. . N " 2. Treg . Treatments
ECOG Primary Previous Therapeutic (differentiation EGFR CD4/ Albumin (best . 0s
CaselCyclefiGenderiNAge PS site treatment target site inthe caseof index CD8 freq(;«;ncy DICKINER (g/dL) overall fﬂ::‘_';'lr.l‘_g (days) S g
5CC) response
1 1 Male 73 0 ‘Tongue Surgical local recurrence SCC (well) 4 3 S0 29 137 4.2 PR NIR-PIT 1096 31 Alive
operation,
Chemoradiation
2 SCC (well) 1 3 10 4.4 8.0 3.8 SD Surgical 44
operation
2 1 Male 74 0 Hypopharynx Surgical lymph node SCC (moderate) 1 4 B 393 1180.0 34 SD BSC 210 55 Death
operation, ‘metastasis
Chemoradiation
3 1 Male 73 0 Oropharynx  Chemoradiation  local recurrence SCC (moderate) 4 2 10 4.6 37.0 3.9 PR Surgical 786 117 Alive
operation
4 1 Male 54 0 Ethmoid Ch diati local SCC (mod 0 9 0 19 190.0 2.7 SD NIR-PIT 709 40 Alive
sinus
2 SCC (moderate) 2 2 20 2.2 240 4.5 SD Proton Beam 36
Therapy
S 1 Male 83 0 Oropharynx  Chemoradiation  local recurrence SCC (well) 4 4 10 4.4 48.0 38 CR 695 695 Alive
6 1 Male 78 0 Lower gingiva Surgical local recurrence sarcomatoid 4 3 30 4.5 27.0 2.5 CR 667 667 Alive
operation, carcinoma
Chemoradiation
7 1 Female 83 0 Parotidgland ~ Chemoradiation  local recurrence SCC (well) 2 1 10 2:3] 180.0 3.9 CR 543 543 Alive
8 1 Male 74 0 Oropharynx Surgical local recurrence SCC (well) 4 2 10 4.0 147 37 PR BSC 127 89 Death
operation,
Chemoradiation
9 1 Male 73 0 Oropharynx  Chemoradiation  local recurrence SCC (moderate) 4 3 10 4.0 36.0 3.8 CR 359 359 Alive
10 1 Male 58 0 Hypopharynx Surgical skin metastasis SCC (moderate) 2 3 20 15 160.0 45 SD NIR-PIT 326 36 Alive
operation,
Chemoradiation
2 SCC (moderate) 4 3 20 42 284 4.1 PR NIR-PIT 26
CD: cluster of differentiation; ECOG PS: Eastern Cooperative Oncology Group performance status; EGFR: epidermal growth factor receptor; NER: neutrophil-to-eosinophil ratio; NIR-PIT: near-infrared photoi herapy; NLR: phil-to-
lymphocyte ratio; OS, overall survival; PFS: p ion-free survival; SCC: sq cell carci Treg: regulatory T cell.

and respective backgrounds are listed in Table 1. The cohort
included nine male patients and one female patient. The me-
dian age at the initial NIR-PIT treatment was 73 years (range:
54-83 years). All patients exhibited an ECOG PS of 0 and had
a history of chemoradiotherapy. The median tumor volume
was 3,840 cm’ (range: 600-26,400 cm®).
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It should be noted that the median (range) age and tumor
volume were 73.5 years (58-83 years) and 5,148 cm’
(600-21,000 cm’) in the response group, and 58.0 (54-74) and
2925 cm® (1,560-26,400 cm’) in the non-response group, re-
spectively. No statistically significant differences were observed
for either age (p = 0.073) or tumor volume (p = 0.833).
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Histological diagnoses taken immediately before each
treatment cycle revealed SCC in nine cases and sarcomatoid
carcinoma in one case. EGFR expression was confirmed in all
cases, with a median EGFR index (range) of 4 (0-4). For refer-
ence, in Case 4, although the EGFR intensity was 1, the
EGFR-positive area was determined to be 0 because it was less
than 10%. Consequently, the EGFR index was calculated as 0.
Concurrently, the median (range) for the parameters calculat-
ed from blood samples obtained immediately before each
treatment cycle were as follows: 3 (1-9) for CD4/CDS8, 10%
(09%-50%) for Treg frequency, 4 (1.9-39.3) for NLR, 36
(8-1,180) for NER, and 3.8 g/dL (2.5-4.5 g/dL) for albumin.
The best overall response (BOR) for each treatment cycle was
CR 4, PR 4, and SD S, with an ORR of 61.5% and a DCR of
100%. Four patients (cases 5, 6, 7, and 9) had a CR following a
single NIR-PIT treatment. Two patients (cases 1 and 3) exhib-
ited tumor shrinkage following the initial round of NIR-PIT,
rendering the lesions resectable by surgical intervention. Case
number 4 did not achieve sufficient tumor shrinkage after two
NIR-PIT treatments, and was subsequently treated with pro-
ton beam therapy. Case 10 showed PR following the second
NIR-PIT treatment during the study period, subsequently
undergoing two additional NIR-PIT treatments. All eight cas-
es survived until the cutoff date. Two cases (2 and 8) were
transitioned to best supportive care after the initial NIR-PIT
because of a deterioration in their general condition, which
was attributed to disease progression. These two patients ulti-
mately succumbed within the observation period. As a result,
the median OS from the initial NIR-PIT for each patient was
605 days (127-1,096), whereas the median (range) PFS for
each NIR-PIT treatment was 55 days (31-695).

Association of pathological findings and
peripheral blood biomarkers with tumor
response

The relationship between BOR for each treatment cycle and
histopathology and peripheral blood biomarkers collected im-
mediately before each treatment cycle was examined. A statis-
tically significant disparity between the response group (CR,
PR) and the non-response group (SD) was observed in the
median (range) of the EGFR index obtained from pathology
[4 (2-4) vs. 1 (0-1)], yielding a p-value of 0.003. Conversely,
the median (range) of the CD4/CD8 ratio and Treg frequen-
¢y in the response and non-response groups, also obtained
from pathology, were 3 (1-4) and 3 (2-9), and 10% (10%-50%)
and 10% (0%-20 %), respectively, with no statistically signifi-
cant differences. For the blood biomarkers examined in this
study, the median values (range) of the response and non-re-
sponse groups were: Alb: 4.1 g/dL (2.3-4.6 g/dL) and 2.2 g/dL
(1.5-39.3 g/dL), respectively. The median values for the NLR
were 32.2 (13.7-180) and 160 (8-1,180), whereas the median
values for the NLR were 3.9 (2.5-4.2) and 3.8 (2.7-4.5), re-
spectively. No statistically significant differences were observed
in any of the cases (Figure 2).
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Association between the pathological findings,
peripheral blood biomarkers, and PFS

The present study was primarily focused on determining the
correlation between the response of tumors to NIR-PIT treat-
ment and the factors derived from pathology and blood sam-
ples obtained immediately before each treatment cycle. Conse-
quently, the focus was narrowed to solely assess the prognostic
significance of PFS within each treatment cycle. The correla-
tion between pathological factors and blood biomarkers im-
mediately before each treatment cycle and PFS was evaluated,
and the correlation coeflicients (r) and p-values for each factor
with PES were as follows: EGFR index (r = 0.244, p = 0.22),
CD4/CD8 (r = —0.063, p = 0.839), Treg frequency (r =
-0.317, p = 0.291), serum albumin (r = —=0.546, p = 0.053),
NLR (r = 0.428, p = 0.145), and NER (r = 0.237, p = 0.436).
No statistically significant correlation was observed between
PFS and any of these factors (Figure 3).

Discussion

The therapeutic principle of NIR-PIT is to destroy tumor
cells by irradiating them with NIR light to which antigen-spe-
cific antibodies conjugated with light-sensitive substances have
been attached *. NIR-PIT results in the release of intracellu-
lar tumor antigens during the destruction of the target cells.
Consequently, NIR-PIT induces ICD, thereby activating the
host immune response to the tumor *. A study of clinical
specimens demonstrated that the immunophenotyping of
whole blood revealed the systemic induction of innate and
adaptive immunity (such as natural killer cells, cytokines, lym-
phocytes, monocytes, CD4, and CD8 T cells) by NIR-PIT .
This suggests that the therapeutic efficacy of NIR-PIT is not
solely attributed to direct physical cell destruction, but also en-
compasses the activation of immune cells.

The process of inducing immune cell activation enhances
a series of antitumor immune capabilities, in which the host
immune cells recognize and attack cancer cells. This antitu-
mor immune capacity is required for the immune checkpoint
inhibitor (ICI) to manifest its antitumor effect. NIR-PIT is
believed to engender a conducive tumor microenvironment
for ICI treatment “” ¥, Furthermore, antigen-specific anti-
bodies used for NIR-PIT have the potential to enhance anti-
body-dependent cellular cytotoxicity, the mechanism through
which the immune system eradicates cancer cells, thereby am-
plifying the therapeutic efficacy of ICI **. The combination of
these mechanisms may generate a potent synergistic effect, in
which the PIT and ICI enhance the immune response to the
tumor. Studies in murine models have demonstrated that the
concurrent administration of NIR-PIT and ICIs result in the
regression of distant, non-NIR-PIT-treated tumors, fostering
optimism for the efficacy of these combination therapies ®.

The findings of these preliminary studies suggest that
NIR-PIT, when administered as local therapy, may elicit a sys-

temic tumor immune response in the host and sustain the ef-
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Figure 2. Box and whisker plots (median, first, and third quartiles, minimum and maximum) are used to represent pathological
and blood parameters:(a) EGFR index, (b) CD4/CDS, (c) Treg frequency, (d) serum albumin, (¢) NLR, (f) NER on responders
(CR, PR) and non-responders (SD) of NIR-PIT treatment. p-Values are from Mann-Whitney U tests comparing means or me-
dians between responders (CR and PR) and non-responders (SD). Significant p-values (p < 0.05) are marked with an asterisk (*).
CD: cluster of differentiation; CR: complete response; EGFR: epidermal growth factor receptor; NER: neutrophil-to-eosinophil
ratio; NIR-PIT: near-infrared photoimmunotherapy; NLR: neutrophil-to-lymphocyte ratio; PR: partial response; SD: stable re-

sponse; Treg: regulatory T cell.

fects of ICIs over an extended period, even in the context of
actual clinical practice. Indeed, ongoing clinical trials are eval-
uating the combination of NIR-PIT and ICI, which is antici-
pated to make a substantial contribution to the future devel-
opment of head and neck cancer treatments “". Consequently,
NIR-PIT is anticipated to elicit a multifaceted antitumor re-
sponse, encompassing not only physical cell destruction but
the induction of tumor immunity. Thus, NIR-PIT represents
a promising therapeutic modality for the management of head
and neck cancer. However, when considering the therapeutic
principle, the efficiency of physical cell destruction with the
release of tumor antigens remains an important factor for the
induced tumor immune response.

EGEFR is frequently expressed in HNSCC ©, and it is
known to promote tumor progression in HNSCC cells
through the activation of intracellular signaling pathways.
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Therefore, EGFR is considered an important therapeutic tar-
get in head and neck cancer treatment ®. In clinical practice,
cetuximab, a therapeutic antibody that specifically targets
EGFR, has been used for HNSCC in combination with radia-
tion or conventional cytotoxic agents, and its efficacy has been
confirmed ©9. While the correlation between EGFR expres-
sion and the efficacy of cetuximab therapy remains controver-
sial ¥, several reports have indicated such a correlation ®* @7,
suggesting that EGFR expression in HNSCC is indeed con-
sidered an important factor for predicting the treatment effect
of cetuximab.

Consequently, cetuximab was selected as the preferred
treatment option for head and neck NIR-PIT. For non-SCC
to be considered for the treatment procedure, EGFR expres-
sion must be confirmed before treatment. In head and neck
NIR-PIT, cetuximab, which is light-sensitive, binds to EGFR
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Figure 3. Correlation between (a) EGFR index, (b) CD4/CDS8, (c) Treg frequency, (d) serum albumin, (¢) NLR, (f) NER, and

PFS.

CD: cluster of differentiation; EGFR: epidermal growth factor receptor; NER: neutrophil-to-eosinophil ratio; NLR: neutrophil-
to-lymphocyte ratio; PFS: progression-free survival; Treg: regulatory T cell.

expressed on the target tumor cells to exert its therapeutic ef-
fect. Consequently, the degree of EGFR expression in tumors
is directly proportional to the extent of the tumor-destroying
effect of NIR-PIT. In the absence of this local destruction of
tumor cells, the subsequent tumor immune response should
not be triggered. Therefore, a reexamination of the relation-
ship between EGFR as a target antigen and the therapeutic
effect of head and neck NIR-PIT is warranted.

A previous clinical study on SCC of the head and neck re-
ported that EGFR expression in tumors was not associated
with NIR-PIT ¢ ®9; however, the study was conducted with a
limited number of patients and did not provide details on
how EGFR expression was assessed. Moreover, the paucity of
clinical reports examining the relationship between EGFR ex-
pression in tumors and the therapeutic effect of NIR-PIT un-
derscores the necessity for further studies to determine wheth-
er there is a relationship between EGFR expression and the
therapeutic effect of NIR-PIT, including the development of
methods for assessing EGFR expression.
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In the present study, the intensity of EGFR expression in
tumor tissues was found to be associated with the optimal tar-
get tumor response of NIR-PIT. This outcome is a natural re-
sult of the mechanism of action of NIR-PIT. Conversely, the
therapeutic efficacy of NIR-PIT has been attributed to the in-
duction of tumor immunity through the process of ICDs.
Consequently, we examined factors reflecting tumor immuni-
ty relative to the therapeutic effect of NIR-PIT. The
CD4/CDS8 ratio, which is indicative of the balance between
CD4+ helper T cells and CD8+ cytotoxic T cells within the
tumor, serves as a representative factor in this regard. CD4+
helper T cells and CD8+ cytotoxic T cells play important roles
in tumor immunity within the tumor microenviron-
ment @ The CD4/CDS8 ratio has been identified as an im-
portant biomarker in cancer therapy, particularly in the con-
text of immunotherapy and chemotherapy, because of its ca-
pacity to reflect the equilibrium between these two cell

types ©".
Furthermore, CD4+ T cells are highly diverse, and under-
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standing their polarization is extremely important. Among
these, Treg have potent immunosuppressive effects, making it
necessary to evaluate the presence of Tregs in the tumor mi-
croenvironment “»®. In particular, tumor-infiltrating Tregs
are considered a crucial element characterizing the immuno-
suppressive tumor microenvironment, and an increased fre-
quency of these cells has been reported to correlate with
lymph node metastasis and stage in patients with early breast
cancer ®. From these findings, Tregs are considered to be
prognostic biomarkers and therapeutic targets in cancer im-
munotherapy ¢,

In the present study, we examined the therapeutic efficacy
of blood biomarkers and NIR-PIT. Blood biomarkers, which
are readily obtainable during routine clinical practice, have
emerged as a valuable tool in predicting the effectiveness of
various cancer treatments because of their inherent advantag-
es, including objectivity and reproducibility ©#”. Among the
blood biomarkers examined in this study, serum albumin re-
flects nutritional status and is considered an indicator of dis-
ease severity and progression “. Serum albumin has also been
shown to influence the pharmacodynamics of pharmaceutical
agents, such as tyrosine kinase inhibitors, by acting as a trans-
porter for these drugs . Furthermore, serum albumin lev-
els have been used as a predictor of drug efficacy, including
ICI, because of its impact on the immune response of the
host ®-6,

The NLR is an important biomarker in cancer treatment,
reflecting the balance between neutrophils and lymphocytes
during the immune response. A high NLR indicates a proin-
flammatory state that may promote tumor growth and meta-
stasis, whereas a low NLR suggests a more favorable immune
environment. This ratio has emerged as a prognostic indicator
across various cancer types and influences treatment decisions
and predicts patient outcomes “?.

NER reflects the balance between tumor-promoting neu-
trophils and antitumor eosinophils. Neutrophils facilitate tu-
mor growth and invasion, whereas eosinophils exert their anti-
tumor effects either directly or indirectly. Consequently, a
lower NER suggests a more favorable balance for eosinophils,
which may enhance the effectiveness of cancer therapy “.

Unfortunately, none of these CD4/CDS8 ratios, Treg fre-
quency, or blood biomarkers that may reflect tumor immuni-
ty showed a clear correlation with the NIR-PIT response in
the present study. Nevertheless, these factors may influence
the long-term prognosis of NIR-PIT. This is attributable to
the fact that, in general, the kinetics of immune-mediated
therapy differ from those of conventional therapies, which of-
ten exhibit delayed effects without immediate changes in dis-
ease progression endpoints “» . Another finding of the
present study is the absence of a correlation between EGFR
expression and PES. This suggests that although EGFR ex-
pression contributes to immediate cell destruction by NIR-
PIT, additional factors that may involve the tumor immune
response may be involved in subsequent progression.
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Additionally, in the present study, no clear characteristics
were observed between the response and non-response groups
regarding patient background factors such as age and tumor
volume. Furthermore, while all cases in this study had a PS of
0, preventing a comparison, PS is considered a representative
patient factor related to prognosis in ICI treatment . Moving
forward, it will be necessary to examine in detail the differen-
ces in NIR-PIT therapeutic efficacy based on patient back-
ground, not just tissue and blood biomarkers.

The present study had some limitations that should be
considered while interpreting the results. First, this was a sin-
gle-center, retrospective study with a small sample size and
short follow-up period.

Specifically, only 13 NIR-PIT cycles on 10 cases were ex-
amined in this study, leading to weak statistical power. There-
fore, it is not possible to conclude from these results that fac-
tors other than EGFR expression are not involved in the effica-
cy of NIR-PIT. However, considering that EGFR expression
showed a strong correlation with the therapeutic efficacy of
NIR-PIT despite such a small sample size, it is considered de-
sirable to actively report this result. It is also important to note
that blood biomarkers typically correlate with long-term prog-
nosis in immunotherapy. Consequently, the limited follow-up
duration in the present study prevents us from establishing a
definitive association between NIR-PIT and blood biomark-
ers.

Second, tumor-related factors, including programmed cell
death 1- ligand 1 (PD-L1) expression in tumor tissue, have on-
ly been measured in a subset of patients. Consequently, de-
spite the established role of PD-L1 expression in tumors as a
significant predictor of immune escape, our study was not de-
signed to assess its influence on clinical outcomes. Third, the
present study was designed to examine the relationship be-
tween short-term tumor shrinkage effects for each treatment
using a sample collected immediately before each treatment
cycle; therefore, the examination of OS on a case-by-case basis,
including treatment following NIR-PIT, was not possible.
Consequently, further studies on biomarkers in patients treat-
ed with NIR-PIT are necessary to optimize its efficacy.
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