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Abstract

Immune checkpoint inhibitors (ICIs) have improved clinical outcomes in recurrent or
metastatic head and neck squamous cell carcinoma (HNSCC), including oral squamous
cell carcinoma (OSCC). However, many patients eventually develop resistance to systemic
therapy, highlighting the need for novel strategies that can restore or sustain antitumor
immunity. Near-infrared photoimmunotherapy (PIT) has emerged as a tumor-selective
locoregional treatment that not only induces targeted tumor cell death but also promotes
antitumor immune activation through immunogenic cell death. This narrative review
summarizes current evidence regarding PIT for recurrent oral cancer and explores the
immunological rationale for sequential ICI-PIT-ICI therapy (ICI-PIT-ICI sequence). Within
this framework, PIT-induced tumor antigen release and inflammatory activation may
reinitiate elements of the cancer-immunity cycle, whereas continued PD-1 blockade may
help sustain newly activated tumor-reactive T-cell responses. To illustrate this concept,
we present two cases of recurrent oral cancer treated with the ICI-PIT-ICI sequence.
Both patients achieved durable clinical and radiological complete responses following PIT
and subsequent nivolumab continuation. Longitudinal analyses of peripheral immune
surrogate markers demonstrated a biphasic temporal pattern characterized by transient
increases in inflammatory markers, including neutrophil-to-lymphocyte ratio, C-reactive
protein, platelet-to-lymphocyte ratio, and systemic immune-inflammation index, followed
by recovery trends in absolute lymphocyte count and lymphocyte-to-monocyte ratio during
continued PD-1 blockade. These observations support the biological plausibility of PIT
as an immune-modulating intervention with potential immune-reprogramming effects.
Although hypothesis-generating, the ICI-PIT-ICI sequence may represent a promising
strategy integrating locoregional tumor destruction with systemic immune modulation in
recurrent oral cancer. Further prospective studies incorporating peripheral and tissue-based
immune profiling are warranted.

Keywords: oral cancer; photoimmunotherapy; immune checkpoint inhibitor; sequential
immunotherapy
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1. Introduction

Immune checkpoint inhibitors (ICIs) targeting the PD-1/PD-L1 axis have significantly
changed the treatment landscape for recurrent or metastatic head and neck squamous cell
carcinoma (HNSCC), including oral squamous cell carcinoma (OSCC) [1-3]. However,
durable responses remain limited, and many patients eventually develop resistance or
disease progression after systemic therapy. Therefore, novel treatment strategies capable of
restoring or sustaining antitumor immunity are needed.

Near-infrared photoimmunotherapy (PIT) has emerged as a tumor-selective locore-
gional treatment for unresectable or recurrent HNSCC [4-8]. PIT induces rapid and selective
tumor cell death through near-infrared light activation of cetuximab sarotalocan sodium
bound to epidermal growth factor receptor-expressing tumor cells [4-11]. In addition to
direct cytotoxicity, PIT has been shown to induce immunogenic cell death, enhance antigen
presentation, and stimulate host antitumor immunity [4,5,10,12,13]. These immunological
effects suggest that PIT may function not only as a local ablative therapy but also as an
immune-modulating intervention.

The oral cavity is a particularly important setting for PIT because recurrent oral cancers
often arise in previously treated fields where salvage surgery may cause severe functional
impairment. Recent real-world analyses demonstrated favorable local control of oral-site
lesions treated with PIT while emphasizing the need for multidisciplinary supportive
care [14]. Furthermore, several preclinical and clinical studies have suggested that PIT
may synergize with PD-1 blockade and potentially restore sensitivity to ICIs [10,13,15-18].
At the same time, the clinical indications for PD-1 blockade have continued to expand,
including perioperative treatment for locally advanced HNSCC, highlighting the growing
role of immunotherapy across different stages of disease management [19-21].

Recent advances in tumor immunology have demonstrated that durable responses
to PD-1 blockade depend on precursor exhausted T cells, tumor-draining lymph nodes,
and sustained T-cell priming within the cancer-immunity cycle [22—-42]. In this article, we
use the term “immune-reset” as a conceptual framework to describe PIT-induced tumor
antigen release and inflammatory reactivation that may reinitiate elements of the cancer-
immunity cycle, rather than as direct evidence of complete immunological reprogramming.
Within this framework, PIT may exert an immune-reset-like effect, whereas subsequent
continuation or re-administration of ICIs may help sustain antitumor immune responses.

In this review, we summarize current evidence regarding PIT for oral-site HNSCC
and discuss the immunological significance of sequential ICI-PIT-ICI therapy (ICI-PIT-ICI
sequence). We additionally present our institutional experience and longitudinal analyses
of peripheral immune surrogate markers, including absolute lymphocyte count (ALC),
neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), platelet-to-
lymphocyte ratio (PLR), C-reactive protein (CRP), and systemic immune-inflammation
index (SII), as hypothesis-generating indicators of treatment-induced immune dynamics.
The novelty of this review does not lie in proposing PIT-ICI combination therapy itself,
which has been previously reported, but rather in conceptualizing PIT within a sequential
ICI-PIT-ICI framework and integrating illustrative clinical observations with longitudi-
nal peripheral immune surrogate analyses. Based on these observations, we propose a
hypothesis-generating biphasic model consisting of transient inflammatory activation af-
ter PIT followed by a shift toward a more favorable peripheral immune profile during
continued PD-1 blockade. This conceptual framework is intended to generate biological
hypotheses and should not be interpreted as evidence of direct immune reprogramming or
mechanistic validation.

This article was conducted as a narrative review. Relevant literature was identi-
fied through searches of PubMed and Scopus using combinations of keywords including
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“photoimmunotherapy”, “near-infrared photoimmunotherapy”, “immune checkpoint in-
hibitor”, “oral squamous cell carcinoma”, “head and neck squamous cell carcinoma”,
“immunogenic cell death”, and “cancer immunology”. Publications published between
January 2015 and May 2026 were primarily considered, while seminal earlier studies were
included when relevant. Additional references were identified through manual review
of the bibliographies of selected articles. Because of the narrative nature of this review,
no formal systematic review methodology, predefined inclusion/exclusion criteria, or
meta-analysis was performed.

2. Current Clinical Role of PIT in Oral Cancer

PIT has emerged as a novel locoregional treatment option for recurrent or unresectable
HNSCC, particularly in patients with limited salvage options after surgery, radiotherapy,
or systemic therapy [4-8]. In Japan, cetuximab sarotalocan sodium combined with near-
infrared light irradiation has been clinically introduced for unresectable locally advanced or
recurrent disease, and PIT is increasingly incorporated into multidisciplinary management
strategies [26,43].

Among HNSCC subsites, the oral cavity represents a unique and clinically important
setting for PIT. Recurrent oral cancers frequently arise in previously treated fields, where
additional surgery may result in substantial functional morbidity involving speech, masti-
cation, swallowing, and facial appearance. Therefore, minimally invasive local therapies
capable of preserving oral function are particularly valuable in this population.

Recent real-world studies have demonstrated encouraging outcomes of PIT for oral-
site lesions. Hasegawa et al. analyzed multicenter data focusing on oral-site PIT and
reported meaningful local tumor control with acceptable safety profiles [14]. Similarly,
Tahara et al. reported favorable clinical outcomes in recurrent or unresectable HNSCC
treated with PIT, including patients with oral cavity lesions [44]. These reports support the
feasibility of PIT as a local salvage modality in heavily treated patients (Table 1).

Table 1. Published reports of PIT for oral cancer with peri-PIT immune checkpoint inhibitor administration.

. Number of . ICI Timing . o Survival
Study Design Cases Tumor Site Relative to PIT Main Outcome ORR (%) Outcome
Tsukahara_2024 Durable CR achieved CR
[16] Case report 1 HNSCC ICI after PIT after PIT NA maintained
Hirakawa_2024 Refftrog}p;t.elgtlve 5 Unresectable Concurrent/ Feasible abrid NA Not ted
[15] castbruty HNSCC peri-PIT ICI manageab’e ot reporte
study combination therapy
Multicenter Some patients
Hasegawa_2026  retrospective Oral-site received ICI Median OS
[14] subgroup 12 HNSCC before and /or Favorable local control 833 22.0 months
analysis after PIT
Tahara_2026 Slngle—cen.ter Recurrent Some patients Favorable local control Prolopged
retrospective 5 received peri-PIT . NA survival
[44] HNSCC and survival
study ICI reported
. Durable CR with
Suzuki_2026 ~ llustrative 2 Recurrentoral * yor |, pip 41l longitudinal immune 100 CR
cases SCC . (2/2) maintained
monitoring

PIT, photoimmunotherapy; ICI, immune checkpoint inhibitor; HNSCC, head and neck squamous cell carcinoma;
SCC, squamous cell carcinoma; CR, complete response; ORR, objective response rate; OS, overall survival; NA,
not available.

However, clinical management of oral-site PIT requires careful multidisciplinary
support. Treatment-associated edema, pain, mucositis, bleeding, dysphagia, nutritional
deterioration, and airway compromise are particularly important considerations in oral
cancer patients [14,44]. Accordingly, PIT for oral cancer should not be regarded as a
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simple outpatient local procedure, but rather as part of comprehensive supportive and
oncologic care.

Importantly, the role of PIT may extend beyond local cytoreduction. Increasing evi-
dence suggests that PIT can induce immunogenic cell death and activate systemic antitumor
immunity through tumor antigen release and inflammatory signaling [4,5,12]. Several pre-
clinical and clinical studies have further suggested synergistic interactions between PIT and
immune checkpoint blockade [10,13,15-18]. These findings raise the possibility that PIT
may function not only as a local ablative therapy but also as an immunological intervention
capable of remodeling the tumor microenvironment and restoring responsiveness to ICls.

Nevertheless, the optimal integration of PIT into systemic immunotherapy remains
unclear. In particular, limited evidence is available regarding sequential treatment strategies
in which ICIs are administered before and after PIT. Understanding the immunological
significance of this ICI-PIT-ICI sequence may therefore be important for improving durable
disease control in recurrent oral cancer.

Despite these encouraging findings, the current clinical evidence supporting PIT in re-
current oral cancer remains limited. Most available studies consist of retrospective analyses,
single-center experiences, subgroup analyses, or small observational cohorts, and many
include highly selected patients treated at specialized institutions [14,18,44]. Consequently,
reported outcomes may be influenced by selection bias, institutional expertise, and hetero-
geneity in patient characteristics and treatment protocols. Furthermore, comparative data
against established treatment strategies remain scarce, and long-term oncologic outcomes
have not been fully characterized. Therefore, although existing studies support the feasibil-
ity and potential clinical utility of PIT, the overall quality of evidence remains limited, and
prospective multicenter studies are required to better define its role in recurrent oral cancer.

3. Immunological Basis of PIT

PIT exerts antitumor effects through both direct tumor cell destruction and activation
of host immunity [4-6,11,12]. Following binding of cetuximab sarotalocan sodium to epi-
dermal growth factor receptor (EGFR)-expressing tumor cells, near-infrared light exposure
induces rapid membrane disruption and selective necrotic cell death [6,8]. Unlike con-
ventional thermal ablation, PIT preserves surrounding stromal structures while inducing
highly immunogenic tumor destruction [5,12]. Importantly, PIT has been shown to induce
immunogenic cell death (ICD), resulting in the release of tumor-associated antigens and
danger-associated molecular patterns, including calreticulin, ATP, and HMGB1 [4,5,12].
These signals promote dendritic cell maturation, antigen presentation, and subsequent
activation of tumor-specific T cells, thereby contributing to re-initiation of the cancer-
immunity cycle [42,45]. Preclinical studies have demonstrated increased CD8-positive
T-cell infiltration and enhanced systemic antitumor immunity following PIT [5,10,13].

Recent advances in tumor immunology have highlighted the importance of precursor
exhausted T cells (TPEX), tumor-draining lymph nodes (tdLNs), and tertiary lymphoid
structures in mediating durable responses to PD-1 blockade [32-41]. However, these mech-
anisms were not directly evaluated in the present cases, and their specific roles in recurrent
oral cancer treated with PIT remain uncertain. Emerging evidence from experimental
and translational studies suggests that durable responses to PD-1 blockade may depend
on stem-like tumor-reactive T-cell populations and sustained antigen presentation within
tdLNs [29,32-38]. Therefore, these concepts are discussed here as a biologically plausible
framework for interpreting potential interactions between PIT and PD-1 blockade rather
than as mechanisms demonstrated in our patients.

Within this conceptual framework, PIT-induced immunogenic cell death may pro-
vide a renewed source of tumor antigens and inflammatory signals that could potentially
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support reactivation of antitumor immunity. Similarly, continued PD-1 blockade after PIT
may help sustain newly primed or reactivated tumor-reactive T-cell populations. Experi-
mental studies have demonstrated synergistic antitumor effects of PIT and PD-1 blockade,
including enhanced immune activation, increased immune-cell infiltration, and improved
systemic tumor control in preclinical models [4,13,17]. Clinically, several case reports and
retrospective studies have suggested that continuation or re-administration of ICIs after
PIT may be associated with durable tumor control in selected patients with recurrent
HNSCC [10,15,16,18]. However, the underlying immunological mechanisms remain incom-
pletely understood, and no direct evidence of TPEX modulation, tdLN activation, immune
reprogramming, or tumor microenvironment remodeling was obtained in the present
cases. Accordingly, the ICI-PIT-ICI sequence may represent a clinically relevant treatment
strategy that is increasingly being adopted in selected patients with recurrent oral cancer,
despite the current lack of definitive mechanistic evidence supporting its use. Emerging
clinical observations, including the present cases, suggest that this sequential approach
may contribute to durable disease control in some patients. However, the proposed im-
munological mechanisms remain largely conceptual and hypothesis-generating at present.
Future translational and prospective studies integrating clinical outcomes with detailed
immune profiling will be essential to determine whether the ICI-PIT-ICI sequence can
evolve from a biologically plausible concept into a scientifically validated and optimized
treatment strategy.

4. Synergistic Effects of the ICI-PIT-ICI Sequence for Recurrent
Oral Cancer

Despite the clinical benefits of ICIs in recurrent or metastatic HNSCC, many patients
ultimately develop primary or acquired resistance [1-3,24]. Mechanisms of resistance
include insufficient tumor antigen presentation, impaired T-cell priming, immunosuppres-
sive tumor microenvironments, and progressive T-cell exhaustion [22-37]. In recurrent oral
cancer, repeated surgery, radiotherapy, and systemic therapy may further contribute to
local immune dysfunction and limited responsiveness to subsequent treatments (Figure 1).

In this context, sequential treatment with ICIs before and after PIT may provide
synergistic immunological effects rather than simple additive local control. Preceding
ICI therapy may partially activate tumor-reactive T cells and establish an initial immune
response, even in clinically refractory disease. However, sustained antigen exposure and
chronic inflammation can eventually result in terminal T-cell exhaustion and loss of effective
antitumor activity [27,32-35].

PIT may alter this immune state through induction of ICD. Furthermore, PIT-induced
tumor destruction may promote epitope spreading, whereby subdominant or previously
concealed tumor antigens are released and subsequently recognized by the immune system.
This process may broaden the repertoire of tumor-reactive T cells and allow PD-1 blockade
to reinvigorate newly primed or newly recruited T-cell clones, including those not effec-
tively engaged during the initial ICI exposure. Experimental studies have demonstrated
that PIT promotes release of tumor-associated antigens and danger-associated molecu-
lar patterns, enhances dendritic cell activation, increases CD8-positive T-cell infiltration,
and stimulates systemic antitumor immunity [4,5,10,12,13]. Unlike conventional cytotoxic
therapies, PIT may function as an “immune-reset-like” intervention with the potential to
reinitiate components of the cancer-immunity cycle [42,45].

Importantly, continuation or re-administration of ICIs after PIT may help sustain
and amplify this newly activated immune response. Recent immunological studies have
shown that durable responses to PD-1 blockade depend on TPEX, stem-like CD8-positive T
cells, tdLNs, and continuous T-cell priming [29,32-38]. PIT-induced antigen release and
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inflammatory signaling may provide renewed immune stimulation, whereas subsequent
ICI therapy may help sustain antitumor immune responses within a biologically plausible
immune-remodeling framework, although this mechanism was not directly evaluated in
the present cases.
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Figure 1. Conceptual framework of the proposed immunological interactions during the ICI-PIT-ICI
sequence in recurrent oral cancer. Pre-treatment PD-1 blockade may partially activate tumor-reactive
T cells but may eventually become insufficient because of persistent antigen exposure and progres-
sive immune dysfunction (A). PIT induces immunogenic cell death and release of tumor-associated
antigens and danger-associated molecular patterns (B). Continued PD-1 blockade after PIT may
potentially support antitumor immunity through mechanisms proposed in the immunology litera-
ture, including renewed antigen presentation and sustained T-cell responses (C). The characteristic
biphasic changes observed in peripheral immune surrogate markers are also illustrated. Impor-
tantly, the immunological events depicted in Panel (C) were not directly evaluated in the present
cases and are presented as a hypothesis-generating conceptual framework rather than a validated
biological pathway.

Because tumor-draining lymph nodes serve not only as sites of T-cell priming but
may also influence metastatic dissemination, preservation and functional reactivation of
these immune niches may have therapeutic relevance in sequential ICI-PIT-ICI therapy,
although this concept remains speculative [46,47].

This sequential process may contribute to restoration of antitumor immune sur-
veillance against residual or dormant tumor cells [48-51].

Several clinical observations are consistent with this concept, although they do not
establish a causal synergistic effect between PIT and ICIs. Case reports and retrospective
studies have suggested favorable responses when ICIs were administered after PIT in recur-
rent HNSCC [10,15,16,18]. Furthermore, combination studies of PIT and pembrolizumab
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demonstrated the feasibility of integrating PIT with PD-1 blockade in heavily treated pa-
tients [17]. Although definitive clinical evidence remains limited, these findings support
the biological plausibility of the ICI-PIT-ICI sequence as a strategy for immune remodeling
in recurrent oral cancer.

The present cases demonstrated characteristic longitudinal changes in peripheral
immune surrogate markers following PIT during ongoing ICI treatment. However, because
both patients continued nivolumab before and after PIT, the relative contributions of PIT,
ongoing PD-1 blockade, delayed immunotherapeutic effects, and individual patient factors
cannot be determined. Importantly, the observations presented in this review do not allow
definitive attribution of clinical outcomes to a synergistic interaction between PIT and
PD-1 blockade. It remains possible that durable responses were influenced by delayed
effects of nivolumab, favorable underlying tumor biology, or other patient-specific factors.
Furthermore, because no comparator group receiving continued ICI therapy without PIT
was available, the incremental contribution of PIT cannot be quantified. Therefore, the
proposed synergistic model should be regarded as a biologically plausible and clinically
informed hypothesis rather than direct evidence of treatment synergy. In both cases,
transient elevations in inflammatory markers, including NLR, CRP, and SII, were observed
shortly after PIT, followed by subsequent decreases accompanied by recovery trends in
ALC and LMR. Although these findings may partly reflect tumor burden reduction, the
biphasic temporal pattern may be consistent with transient treatment-related inflammatory
activation followed by partial recovery of systemic immune status. These observations
are consistent with, but do not establish, treatment-related immune modulation during
continued ICI therapy.

Taken together, sequential ICI-PIT-ICI therapy may represent a clinically relevant treat-
ment strategy that warrants further investigation. Although emerging clinical observations
support its potential utility, the proposed immunological synergy and immune-remodeling
effects remain hypothetical and require validation in prospective translational studies.

5. Illustrative Cases of the ICI-PIT-ICI Sequence

To illustrate the clinical and immunological relevance of this concept, we present
two representative cases of recurrent oral cancer treated with sequential ICI-PIT-ICI
therapy. These cases were not intended to establish efficacy or demonstrate treatment
synergy. Rather, they are presented as illustrative clinical observations intended to generate
hypotheses regarding potential treatment-induced immune dynamics and the feasibility of
the ICI-PIT-ICI sequence.

Case 1

A 59-year-old man with recurrent maxillary gingival squamous cell carcinoma de-
veloped platinum-resistant local recurrence after induction chemotherapy and definitive
chemoradiotherapy (Figure 2). Nivolumab was initiated; however, persistent locally recur-
rent disease involving the upper gingiva, upper lip mucosa, nasal cavity, and maxillary
sinus remained after 10 courses. he patient experienced worsening local pain and persis-
tent symptomatic disease burden. Therefore, despite evidence of partial local response,
nivolumab alone was considered insufficient for local disease control, and PIT was selected
to achieve more effective locoregional management while continuing PD-1 blockade. PIT
was therefore selected as an additional locoregional intervention during continued PD-1
blockade and performed under general anesthesia using cylindrical and side-fire diffusers
(Figure 3).
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Figure 2. Clinical and radiological findings of the primary and recurrent tumors. (A) Clinical
photograph of the primary tumor arising from the right maxillary gingiva. (B) Contrast-enhanced
CT image demonstrating extension of the primary lesion into the nasal cavity with destruction of
the anterior nasal spine. (C) Clinical photograph of the recurrent lesion extending from the right
gingivobuccal sulcus to the inner surface of the upper lip. (D) Contrast-enhanced MRI demonstrating
recurrent tumor involvement of the nasal cavity and anterior wall of the maxillary sinus (red circle).

Figure 3. Preoperative planning and intraoperative findings of PIT. (A) Preoperative clinical pho-
tograph demonstrating the recurrent lesion involving the upper lip and maxillary gingival region.
(B) Preoperative MRI used for treatment planning, showing the extent of tumor involvement and
the intended illumination area. (C) Schematic and clinical planning of needle catheter placement.
Because PIT carried a potential risk of cutaneous fistula formation in the upper lip, the upper lip
was manually everted and the catheters were inserted through the central thickness of the lip to
avoid direct penetration of the skin surface. Clinical and MRI findings were used to determine the
illumination field and catheter positions (arrows and circles). (D) Intraoperative photograph show-
ing placement of multiple needle catheters before light irradiation. (E) Intraoperative photograph
demonstrating near-infrared light irradiation during PIT using cylindrical diffusers.
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Marked post-treatment edema and tumor necrosis developed, followed by sponta-
neous tumor sloughing and repeated debridement (Figure 4). ICI was resumed 4 weeks
after PIT and has been continued thereafter. The patient has maintained clinical and radio-
logical complete response, with no detectable recurrent lesions on follow-up examination
and imaging for 10 months after PIT. Longitudinal analyses of peripheral immune surrogate
markers demonstrated characteristic temporal changes during the ICI-PIT-ICI sequence.
During the acute post-PIT phase, transient increases in inflammatory markers, including
NLR, CRP, and SII, were observed, likely reflecting treatment-related inflammatory activa-
tion associated with tumor necrosis and tissue injury. Subsequently, these inflammatory
indices decreased during continued nivolumab therapy, accompanied by recovery trends
in ALC and LMR (Table 2). Rather than indicating a unidirectional improvement, these
biomarker dynamics were interpreted as a biphasic response, consisting of an early inflam-
matory phase followed by a later shift toward a more favorable peripheral immune profile
during continued PD-1 blockade. Given the single-patient, repeated-measure nature of
these data, these observations were interpreted descriptively rather than as confirmatory
statistical evidence.

Figure 4. Postoperative clinical course after PIT. (A): Marked upper lip edema and dark-purple
discoloration of the oral mucosa were observed on the day after PIT. (B): Progressive necrosis
developed within 1 week after PIT, and necrotic tissue was subsequently debrided. (C): Two weeks
after PIT, the necrotic tumor had sloughed off, with surrounding exposed sequestrum observed.
(D): At 4 weeks after PIT, the wound surface had become flattened. The patient has maintained
complete response for more than 6 months after PIT.

Peripheral immune surrogate markers were evaluated across three predefined treat-
ment phases: (1) the pre-PIT ICI treatment period after recurrence diagnosis, (2) the first
4 weeks after PIT, corresponding to the anticipated acute inflammatory phase, and (3) the
period beyond 4 weeks post-PIT during resumed ICI therapy. Mean values for each phase
are presented descriptively to illustrate temporal biomarker dynamics. Because these
analyses were based on repeated longitudinal measurements in two illustrative cases, no
formal inferential statistical testing was performed.
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Table 2. Peripheral immune surrogate dynamics during the ICI-PIT-ICI sequence.
Pre-PIT First 4 Weeks Post-PIT >4 Weeks Post-PIT
Case.1
ALC 1460 1444 1605
NLR 4.15 4.98 2.69
LMR 2.70 237 3.37
PLR 191.2 179.6 148.6
CRP 1.44 1.80 0.18
SII 1,175,168 1,272,695 637,068
Case.2
ALC 1240 1051 1647
NLR 4.92 7.88 2.56
LMR 493 3.13 4.62
PLR 200.3 320.0 159.6
CRP 0.97 0.52 0.18
SII 934,890 2,339,823 667,559
Case 2

A 47-year-old man with recurrent tongue squamous cell carcinoma experienced mul-
tiple local recurrences despite multimodal treatment, including surgery, postoperative
chemoradiotherapy, salvage surgery, and cetuximab plus paclitaxel chemotherapy. Af-
ter development of extensive recurrent lesions involving the gingiva, palate, and buccal
mucosa, nivolumab therapy was initiated. After two courses of nivolumab, progressive
enlargement of the local lesions was observed. Although delayed responses can occur
during PD-1 blockade, further observation without local intervention was considered
clinically undesirable because of ongoing tumor progression and the risk of further local
deterioration. Therefore, PIT was performed as an additional locoregional treatment while
nivolumab therapy was subsequently continued.

Progressive tumor necrosis and mucosal healing were observed after PIT. Nivolumab
therapy was resumed 4 weeks after PIT and has been continued thereafter. The patient
has maintained clinical and radiological complete response, with no detectable recurrent
lesions on follow-up examination and imaging for 7 months after PIT. Similar to Case 1,
longitudinal peripheral immune surrogate analyses demonstrated a biphasic temporal
pattern during the ICI-PIT-ICI sequence. Inflammatory markers transiently increased
during the acute post-PIT period, followed by subsequent decreases during continued
nivolumab treatment, accompanied by recovery trends in ALC and LMR (Figure 5). Al-
though interpretation is limited by the small number of repeated measurements in a single
case, the overall trajectory was consistent with transient treatment-related inflammatory
activation followed by a later shift toward a more favorable peripheral immune profile
(Figure 5).

Table 1 (A) and Case 2 (B). Values were normalized to pre-PIT levels (set as 1.0) to fa-
cilitate comparison across treatment phases. NLR and SII demonstrated transient increases
during the acute post-PIT phase, consistent with treatment-related inflammatory activation,
followed by decreases during continued nivolumab therapy. In contrast, ALC showed
recovery trends during the restoration phase. These temporal patterns are consistent with
a biphasic response characterized by early inflammatory activation followed by a later
shift toward a more favorable peripheral immune profile during continued PD-1 blockade.
These findings should be interpreted descriptively because they are derived from two
illustrative cases and do not establish causal immunological mechanisms. Raw biomarker
values corresponding to the normalized trajectories are provided in Table 2.
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Figure 5. Biphasic dynamics of peripheral immune surrogate markers during the ICI-PIT-ICI se-
quence. (A) Case 1. Normalized longitudinal changes in peripheral immune surrogate markers
during sequential ICI-PIT-ICI therapy. NLR and SII showed transient increases during the acute
post-PIT phase, followed by decreases during continued nivolumab therapy, whereas ALC remained
stable initially and subsequently increased during the restoration phase. (B) Case 2. Normalized
longitudinal changes in peripheral immune surrogate markers during sequential ICI-PIT-ICI therapy.
NLR and SII demonstrated more pronounced transient elevations during the acute post-PIT phase,
followed by marked decreases during continued nivolumab therapy. In contrast, ALC decreased
transiently after PIT and subsequently recovered during the restoration phase. Values were nor-
malized to the pre-PIT baseline (set as 1.0) to illustrate temporal biomarker trajectories across
treatment phases. These observations are descriptive and hypothesis-generating and should not
be interpreted as evidence of treatment-induced immune reprogramming. Abbreviations: ALC,
absolute lymphocyte count; ICI, immune checkpoint inhibitor; NLR, neutrophil-to-lymphocyte ratio;
PIT, photoimmunotherapy; SII, systemic immune-inflammation index.

6. Peripheral Immune Surrogates

Identification of clinically applicable biomarkers remains an important challenge
in the development of the ICI-PIT-ICI sequence for recurrent oral cancer. Although
comprehensive immunological analyses using tumor tissue, spatial profiling, and single-cell
technologies are increasingly feasible, these approaches are not always practical in routine
clinical settings. Therefore, peripheral immune surrogate markers obtained from routine
blood examinations may represent useful and minimally invasive tools for longitudinal
immune monitoring.

However, these biomarkers should be interpreted with caution. Parameters such as
NLR, PLR, LMR, SII, CRP, and ALC are nonspecific and may be influenced by multiple
biological and clinical factors, including treatment-related inflammation, tissue injury,
tumor necrosis, infection, wound healing, systemic stress responses, and changes in tumor
burden. Consequently, temporal changes in these markers cannot be regarded as direct
evidence of immune reprogramming or specific immunological mechanisms. Rather, they
should be considered descriptive surrogate indicators that may provide indirect insights
into systemic immune and inflammatory dynamics during treatment.

Among these markers, NLR has been widely associated with systemic inflamma-
tion, tumor progression, and poor prognosis across multiple malignancies, including
HNSCC [1-3,52-55]. Elevated NLR is generally considered to reflect neutrophil-mediated
immunosuppression and impaired lymphocyte-dependent antitumor immunity. In patients
with recurrent or metastatic HNSCC treated with ICIs, post-treatment NLR dynamics have
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also been associated with therapeutic response and survival outcomes [52,53]. Similarly,
SII calculated using platelet, neutrophil, and lymphocyte counts, has emerged as a com-
posite biomarker reflecting systemic inflammatory and immune status. High SII values
have been associated with inferior oncologic outcomes and reduced responsiveness to
immunotherapy [52-55].

ALC and LMR may also provide clinically relevant information regarding host im-
mune competence. Lymphocytes play central roles in tumor-specific immune responses,
whereas monocytes may contribute to immunosuppressive tumor-associated macrophage
populations. Accordingly, low ALC and low LMR have been associated with impaired
antitumor immunity and unfavorable prognosis in HNSCC and other solid tumors [52-55].
PLR is another inflammatory biomarker linked to tumor progression, angiogenesis, and
immune evasion [52-55]. In addition, CRP is a well-established marker of systemic inflam-
mation and may reflect treatment-related inflammatory responses following PIT.

In these illustrative cases, characteristic temporal changes in these peripheral immune
surrogate markers were observed during the ICI-PIT-ICI sequence. Rather than represent-
ing a unidirectional improvement, these biomarker dynamics may be more appropriately
interpreted as a biphasic immune response. During the acute post-PIT phase, transient
increases in NLR, CRP, PLR, and SII were observed, likely reflecting an early innate in-
flammatory phase driven by local tumor necrosis, tissue injury, neutrophil recruitment,
and macrophage-mediated clearance after PIT. Subsequently, these inflammatory indices
decreased during continued PD-1 blockade, accompanied by recovery trends in ALC and
LMR. This later phase may reflect a relative shift toward a more favorable systemic im-
mune profile characterized by partial recovery of lymphocyte-mediated adaptive immunity.
Although these findings may partly reflect reduction in tumor burden, the biphasic tempo-
ral pattern may help reconcile the apparently paradoxical early inflammatory spike with
subsequent clinical tumor control.

Importantly, peripheral immune surrogate markers may provide indirect insights
into treatment-related modulation of the cancer-immunity cycle [42,45]. PIT-induced
immunogenic cell death may transiently amplify inflammatory signaling through tumor
antigen release, whereas subsequent continuation of ICIs may contribute to maintenance of
antitumor immune responses during the proposed immune-reset-like process. Therefore,
longitudinal monitoring using routine blood biomarkers may help characterize systemic
immune dynamics during the ICI-PIT-ICI sequence, although causal immunological
mechanisms cannot be established from peripheral markers alone.

However, peripheral blood biomarkers provide only indirect information regarding
the tumor immune microenvironment. Therefore, histopathological and immunological
analyses using biopsy or resected specimens obtained before and after PIT may further im-
prove understanding of treatment-induced immune modulation. In particular, evaluation
of CD8-positive T-cell infiltration, FOXP3-positive regulatory T cells, CD8/FOXP3 ratio,
PD-L1 expression, and Granzyme B expression may help characterize the transition from
an immunologically “cold” to “hot” tumor microenvironment [31-42,45,55]. In addition,
assessment of HLA class I and 32-microglobulin expression may provide further insights
into antigen presentation capacity and mechanisms of immune responsiveness or resis-
tance during the ICI-PIT-ICI sequence. Future translational studies integrating peripheral
immune surrogate markers with tissue-based immunological analyses, spatial immune
profiling, and T-cell receptor repertoire analyses are warranted.

7. Clinical Implications and Future Perspectives

The present review highlights the potential clinical significance of the ICI-PIT-ICI
sequence as an immune-oriented treatment strategy for recurrent oral cancer. Traditionally,
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PIT has primarily been regarded as a locoregional salvage modality for unresectable or
recurrent HNSCC [4-8]. However, accumulating experimental and clinical evidence sug-
gests that PIT may exert broader immunological effects through induction of immunogenic
cell death, activation of antigen presentation, and enhancement of tumor-specific T-cell
responses [5,10,12,13,16,17]. Accordingly, PIT should not be considered solely as a cytore-
ductive local therapy, but also as a possible trigger for immune remodeling.

In this context, continuation or re-administration of ICIs after PIT may be particularly
important. PIT-induced tumor antigen release and inflammatory activation may transiently
enhance antitumor immune responses, whereas subsequent PD-1 blockade may help sus-
tain these responses. The characteristic biphasic temporal patterns observed in peripheral
immune surrogate markers are consistent with this hypothesis, although definitive mech-
anistic conclusions cannot be drawn from two illustrative cases alone. Importantly, the
ICI-PIT-ICI sequence may have unique relevance in recurrent oral cancer because oral
lesions are often accessible for direct visualization, repeated biopsy, and local intervention,
allowing longitudinal clinical and translational evaluation. Furthermore, preservation of
oral function and quality of life remains a major therapeutic goal in heavily treated patients
who are poor candidates for extensive salvage surgery.

Nevertheless, several important questions remain unresolved. The optimal timing
and duration of ICI administration before and after PIT are currently unknown. Similarly,
patient selection criteria, ideal treatment sequencing, and predictors of durable response
remain unclear. Because treatment-related inflammation itself may influence peripheral
immune biomarkers, interpretation of longitudinal immune surrogate changes should be
performed cautiously. Safety considerations should also be acknowledged when applying
the proposed ICI-PIT-ICI sequence. Although immune checkpoint inhibitors are generally
well tolerated, immune-related adverse events, including cardiovascular toxicities such as
myocarditis, pericarditis, and arrhythmias, may occur and require appropriate monitoring
during continued or repeated ICI administration. Prospective studies with larger cohorts
are therefore necessary to validate the clinical significance of these findings. Future transla-
tional investigations integrating peripheral biomarkers with tissue-based immune profiling
may help clarify the biological mechanisms associated with the ICI-PIT-ICI sequence and
identify biomarkers predictive of durable clinical benefit.

Ongoing prospective trials may further clarify the role of PIT within multimodal
immunotherapy strategies. Although the design differs from the proposed ICI-PIT-ICI
sequence described in the present review, the ongoing phase III ECLIPSE study is evaluating
ASP-1929 photoimmunotherapy in combination with pembrolizumab as first-line treatment
compared with standard-of-care therapy in patients with locoregionally recurrent HNSCC
without distant metastases [55]. The results of this trial may provide important evidence
regarding whether PIT can be integrated with PD-1 blockade as part of a broader immune-
modulating treatment strategy and may help inform future optimization of PIT-based
immunotherapy, including sequential approaches.

8. Conclusions

PIT represents a promising treatment modality for recurrent oral cancer not only
through local tumor destruction but also through potential activation of host antitumor
immunity. Emerging evidence suggests that ICI-PIT-ICI sequence may provide immuno-
logical synergy by combining pre-existing immune priming, PIT-induced immunogenic
cell death, and sustained immune activation through continued PD-1 blockade. In the
illustrative cases presented in this review, longitudinal peripheral immune surrogate anal-
yses demonstrated characteristic temporal changes consisting of transient inflammatory
activation after PIT followed by a shift toward a more favorable peripheral immune profile
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during continued ICI therapy. Although these observations remain hypothesis-generating,
they are consistent with the biological plausibility of immune modulation during the
ICI-PIT-ICI sequence.

Further prospective and translational studies integrating peripheral biomarkers with
tissue-based immunological analyses are warranted to clarify the optimal role of PIT within
multimodal immunotherapy strategies for recurrent oral cancer. These findings should
be considered hypothesis-generating and warrant validation in prospective translational
studies integrating peripheral and tissue-based immune analyses.
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PIT Photoimmunotherapy

ICI Immune checkpoint inhibitor

HNSCC  Head and neck squamous cell carcinoma
oscc Oral squamous cell carcinoma

ICD Immunogenic cell death

ALC Absolute lymphocyte count

NLR Neutrophil-to-lymphocyte ratio

LMR Lymphocyte-to-monocyte ratio

PLR Platelet-to-lymphocyte ratio

Sl Systemic immune-inflammation index
CRP C-reactive protein

tdLN Tumor-draining lymph node
TPEX Precursor exhausted T cell

1.  Dai, WE; Nguyen, L.; Liu, N.; Chan, K.K. Real-world effectiveness and healthcare utilization of nivolumab for advanced head
and neck cancer: A real-world population-based descriptive study. Oral Oncol. 2026, 173, 107851. [CrossRef] [PubMed]

2. Hu, M,; Li, X.; Feng, H.; Qiao, Q.; Hu, G.; Yang, K.; Song, X.; Cao, Y.; Kang, M.; Wang, R.; et al. A multicenter, real-world
study analysis: Pembrolizumab changes treatment strategy for patients with recurrent/metastatic head and neck squamous cell
carcinoma. Cancer Lett. 2025, 634, 217996. [CrossRef] [PubMed]

https://doi.org/10.3390/diagnostics16142164


https://doi.org/10.1016/j.oraloncology.2026.107851
https://www.ncbi.nlm.nih.gov/pubmed/41512430
https://doi.org/10.1016/j.canlet.2025.217996
https://www.ncbi.nlm.nih.gov/pubmed/40846296
https://doi.org/10.3390/diagnostics16142164

Diagnostics 2026, 16, 2164 15 of 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

Huber, L.; Kohler, C.; Lammert, A.; Scherl, C.; Ludwig, S.; Affolter, A.; Rotter, N.; Jungbauer, F. Real-world outcomes of immune
checkpoint inhibitors in head and neck squamous cell carcinoma: Analyzing patient-specific factors influencing survival and
response rate. Cancer Rep. 2025, 8, €70369. [CrossRef] [PubMed]

Zhao, Y.; Liu, X,; Liu, X;; Yu, J.; Bai, X.; Wu, X; Guo, X,; Liu, Z.; Liu, X. Combination of phototherapy with immune checkpoint
blockade: Theory and practice in cancer. Front. Immunol. 2022, 13, 955920. [CrossRef] [PubMed]

Fukushima, H.; Furusawa, A.; Okada, R.; Fujii, Y.; Choyke, P.L.; Kobayashi, H. Antitumor host immunity enhanced by near-
infrared photoimmunotherapy. Cancer Sci. 2024, 116, 572-580. [CrossRef] [PubMed]

Kobayashi, H.; Choyke, P.L. Near-infrared photoimmunotherapy of cancer. Acc. Chem. Res. 2019, 52, 2332-2339. [CrossRef]
[PubMed]

Kitamura, N.; Sento, S.; Yoshizawa, Y.; Sasabe, E.; Kudo, Y.; Yamamoto, T. Current trends and future prospects of molecular
targeted therapy in head and neck squamous cell carcinoma. Int. J. Mol. Sci. 2020, 22, 240. [CrossRef] [PubMed]

Maruoka, Y.; Wakiyama, H.; Choyke, P.L.; Kobayashi, H. Near infrared photoimmunotherapy for cancers: A translational
perspective. eBioMedicine 2021, 70, 103501. [CrossRef] [PubMed]

Nishikawa, D.; Suzuki, H.; Beppu, S.; Terada, H.; Sawabe, M.; Hanai, N. Near-infrared photoimmunotherapy for oropharyngeal
cancer. Cancers 2022, 14, 5662. [CrossRef] [PubMed]

Koyama, S.; Ehara, H.; Donishi, R.; Taira, K.; Fukuhara, T.; Fujiwara, K. Therapeutic host anticancer immune response through
photoimmunotherapy for head and neck cancer may overcome resistance to immune checkpoint inhibitors. Case Rep. Oncol. 2024,
17,913-920. [CrossRef] [PubMed]

Wang, M.; Rao, J.; Wang, M.; Li, X; Liu, K.; Naylor, M.F.; Nordquist, R.E.; Chen, W.R.; Zhou, F. Cancer photo-immunotherapy:
From bench to bedside. Theranostics 2021, 11, 2218-2231. [CrossRef] [PubMed]

Nakajima, K.; Ogawa, M. Near-infrared photoimmunotherapy and anti-cancer immunity. Int. Immunol. 2024, 36, 57-64. [CrossRef]
[PubMed]

Hsu, M.A.; Okamura, S.M.; Filho, C.D.D.M.; Bergeron, D.M.; Rodriguez, A.; West, M.; Yadav, D.; Heim, R.; Fong, J.J.; Garcia-
Guzman, M. Cancer-targeted photoimmunotherapy induces antitumor immunity and can be augmented by anti-PD-1 therapy for
durable anticancer responses in an immunologically active murine tumor model. Cancer Immunol. Immunother. 2023, 72, 151-168.
[CrossRef] [PubMed]

Hasegawa, O.; Okamoto, I.; Kushihashi, Y.; Masubuchi, T.; Tokashiki, K.; Tsukahara, K. Real-world outcomes of photoim-
munotherapy for oral sites in head and neck cancer: A multicentre subgroup analysis. Photodiagnosis Photodyn. Ther. 2026, 58,
105360. [CrossRef] [PubMed]

Hirakawa, H.; Ikegami, T.; Kinjyo, H.; Hayashi, Y.; Agena, S.; Higa, T.; Kondo, S.; Toyama, M.; Maeda, H.; Suzuki, M. Feasibility of
near-infrared photoimmunotherapy combined with immune checkpoint inhibitor therapy in unresectable head and neck cancer.
Anticancer Res. 2024, 44, 3907-3912. [CrossRef] [PubMed]

Hanyu, K.; Okamoto, I.; Tokashiki, K.; Tsukahara, K. A case of successful treatment with an immune checkpoint inhibitor after
head and neck photoimmunotherapy. Case Rep. Oncol. 2024, 17, 169-174. [CrossRef] [PubMed]

Cognetti, D.M.; Curry, ].M.; Johnson, J.; Kwon, M.; Su, S.Y.; Civantos, F.; Olazagasti, C.; Valentino, J.; Arnold, S.M.; Bell, R.B.;
et al. Safety and efficacy findings from a phase Ib/II study of ASP-1929 photoimmunotherapy with pembrolizumab in recurrent
and/or metastatic head and neck squamous cell carcinoma. Head Neck 2026, 48, 160-174. [CrossRef] [PubMed]

Kushihashi, Y.; Okamoto, I.; Hasegawa, O.; Tokashiki, K.; Tsukahara, K.; Masubuchi, T. Efficacy of immune checkpoint inhibitors
after photoimmunotherapy for head and neck cancer. Int. J. Otolaryngol. Head Neck Surg. 2026, 15, 55-65. [CrossRef]

Uppaluri, R.; Haddad, R.L; Tao, Y.; Le Tourneau, C.; Lee, N.Y.; Westra, W.; Chernock, R.; Tahara, M.; Harrington, K.J.; Klochikhin,
AL, et al. Neoadjuvant and adjuvant pembrolizumab in locally advanced head and neck cancer. N. Engl. ]. Med. 2025, 393, 37-50.
[CrossRef] [PubMed]

U.S. Food and Drug Administration. FDA Approves Neoadjuvant and Adjuvant Pembrolizumab for Resectable Locally
Advanced Head and Neck Squamous Cell Carcinoma. Available online: https://www.fda.gov/drugs/resources-information-
approved-drugs/fda-approves-neoadjuvant-and-adjuvant-pembrolizumab-resectable-locally-advanced-head-and-neck (accessed
on 27 May 2026).

MSD K K. Anti-PD-1 Antibody Keytruda Approved as Neoadjuvant and Adjuvant Therapy for Locally Advanced Head and
Neck Cancer. Available online: https://www.merck.com/news/fda-approves-keytruda-pembrolizumab-for-pd-I1-resectable-
locally-advanced-head-neck-squamous-cell-carcinoma-as-neoadjuvant-treatment-continued-as-adjuvant-treatment-combined-
with-radiother/ (accessed on 9 May 2026).

Sharpe, A.H.; Pauken, K.E. The diverse functions of the PD-1 inhibitory pathway. Nat. Rev. Immunol. 2018, 18, 153-167. [CrossRef]
[PubMed]

Ribas, A.; Wolchok, ].D. Cancer immunotherapy using checkpoint blockade. Science 2018, 359, 1350-1355. [CrossRef] [PubMed]
Sharma, P.; Hu-Lieskovan, S.; Wargo, J.A.; Ribas, A. Primary, adaptive, and acquired resistance to cancer immunotherapy. Cell
2017, 168, 707-723. [CrossRef] [PubMed]

https://doi.org/10.3390/diagnostics16142164


https://doi.org/10.1002/cnr2.70369
https://www.ncbi.nlm.nih.gov/pubmed/41216710
https://doi.org/10.3389/fimmu.2022.955920
https://www.ncbi.nlm.nih.gov/pubmed/36119019
https://doi.org/10.1111/cas.16427
https://www.ncbi.nlm.nih.gov/pubmed/39663860
https://doi.org/10.1021/acs.accounts.9b00273
https://www.ncbi.nlm.nih.gov/pubmed/31335117
https://doi.org/10.3390/ijms22010240
https://www.ncbi.nlm.nih.gov/pubmed/33383632
https://doi.org/10.1016/j.ebiom.2021.103501
https://www.ncbi.nlm.nih.gov/pubmed/34332294
https://doi.org/10.3390/cancers14225662
https://www.ncbi.nlm.nih.gov/pubmed/36428754
https://doi.org/10.1159/000540242
https://www.ncbi.nlm.nih.gov/pubmed/39474549
https://doi.org/10.7150/thno.53056
https://www.ncbi.nlm.nih.gov/pubmed/33500721
https://doi.org/10.1093/intimm/dxad042
https://www.ncbi.nlm.nih.gov/pubmed/37843836
https://doi.org/10.1007/s00262-022-03239-9
https://www.ncbi.nlm.nih.gov/pubmed/35776159
https://doi.org/10.1016/j.pdpdt.2026.105360
https://www.ncbi.nlm.nih.gov/pubmed/41587717
https://doi.org/10.21873/anticanres.17218
https://www.ncbi.nlm.nih.gov/pubmed/39197908
https://doi.org/10.1159/000536166
https://www.ncbi.nlm.nih.gov/pubmed/38292596
https://doi.org/10.1002/hed.70014
https://www.ncbi.nlm.nih.gov/pubmed/40852760
https://doi.org/10.4236/ijohns.2026.151006
https://doi.org/10.1056/nejmoa2415434
https://www.ncbi.nlm.nih.gov/pubmed/40532178
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-neoadjuvant-and-adjuvant-pembrolizumab-resectable-locally-advanced-head-and-neck
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-neoadjuvant-and-adjuvant-pembrolizumab-resectable-locally-advanced-head-and-neck
https://www.merck.com/news/fda-approves-keytruda-pembrolizumab-for-pd-l1-resectable-locally-advanced-head-neck-squamous-cell-carcinoma-as-neoadjuvant-treatment-continued-as-adjuvant-treatment-combined-with-radiother/
https://www.merck.com/news/fda-approves-keytruda-pembrolizumab-for-pd-l1-resectable-locally-advanced-head-neck-squamous-cell-carcinoma-as-neoadjuvant-treatment-continued-as-adjuvant-treatment-combined-with-radiother/
https://www.merck.com/news/fda-approves-keytruda-pembrolizumab-for-pd-l1-resectable-locally-advanced-head-neck-squamous-cell-carcinoma-as-neoadjuvant-treatment-continued-as-adjuvant-treatment-combined-with-radiother/
https://doi.org/10.1038/nri.2017.108
https://www.ncbi.nlm.nih.gov/pubmed/28990585
https://doi.org/10.1126/science.aar4060
https://www.ncbi.nlm.nih.gov/pubmed/29567705
https://doi.org/10.1016/j.cell.2017.01.017
https://www.ncbi.nlm.nih.gov/pubmed/28187290
https://doi.org/10.3390/diagnostics16142164

Diagnostics 2026, 16, 2164 16 of 17

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

Simoni, Y.; Becht, E.; Fehlings, M.; Loh, C.Y.; Koo, S.-L.; Teng, KW.W.; Yeong, ].P.S.; Nahar, R.; Zhang, T.; Kared, H.; et al.
Bystander CD8+ T cells are abundant and phenotypically distinct in human tumour infiltrates. Nature 2018, 557, 575-579.
[CrossRef] [PubMed]

Chow, A.; Perica, K.; Klebanoff, C.A.; Wolchok, J.D. Clinical implications of T cell exhaustion for cancer immunotherapy. Nat. Rev.
Clin. Oncol. 2022, 19, 775-790. [CrossRef] [PubMed]

Topalian, S.L.; Taube, ].M.; Pardoll, D.M. Neoadjuvant checkpoint blockade for cancer immunotherapy. Science 2020, 367, eaax0182.
[CrossRef] [PubMed]

Yost, K.E.; Satpathy, A.T.; Wells, D.K,; Qi, Y.; Wang, C.; Kageyama, R.; McNamara, K.L.; Granja, ].M.; Sarin, K.Y.; Brown, R.A;
et al. Clonal replacement of tumor-specific T cells following PD-1 blockade. Nat. Med. 2019, 25, 1251-1259. [CrossRef] [PubMed]
Hui, E.; Cheung, J.; Zhu, J.; Su, X.; Taylor, M.].; Wallweber, H.A.; Sasmal, D.K.; Huang, J.; Kim, ].M.; Mellman, I.; et al. T cell
costimulatory receptor CD28 is a primary target for PD-1-mediated inhibition. Science 2017, 355, 1428-1433. [CrossRef] [PubMed]
Kamphorst, A.O.; Wieland, A.; Nasti, T.; Yang, S.; Zhang, R.; Barber, D.L.; Konieczny, B.T.; Daugherty, C.Z.; Koenig, L.; Yu, K,;
et al. Rescue of exhausted CD8 T cells by PD-1-targeted therapies is CD28-dependent. Science 2017, 355, 1423-1427. [CrossRef]
[PubMed]

Kallies, A.; Zehn, D.; Utzschneider, D.T. Precursor exhausted T cells: Key to successful immunotherapy? Nat. Rev. Immunol. 2020,
20, 128-136. [PubMed]

Miller, B.C.; Sen, D.R.; Al Abosy, R.; Bi, K.; Virkud, Y.V.; LaFleur, M.W,; Yates, K.B.; Lako, A ; Felt, K.; Naik, G.S.; et al. Subsets
of exhausted CD8+ T cells differentially mediate tumor control and respond to checkpoint blockade. Nat. Immunol. 2019, 20,
326-336. [CrossRef] [PubMed]

Siddiqui, I.; Schaeuble, K.; Chennupati, V.; Marraco, S.A.E; Calderon-Copete, S.; Ferreira, D.P.; Carmona, S.J.; Scarpellino, L.;
Gfeller, D.; Pradervand, S.; et al. Intratumoral Tcf1+PD-1+CD8+ T cells with stem-like properties promote tumor control in
response to vaccination and checkpoint blockade immunotherapy. Immunity 2019, 50, 195-211.e10. [CrossRef] [PubMed]

Im, S.J.; Hashimoto, M.; Gerner, M.Y.; Lee, J.; Kissick, H.T.; Burger, M.C.; Shan, Q.; Hale, ].S.; Lee, J.; Nasti, T.H.; et al. Defining
CD8+ T cells that provide the proliferative burst after PD-1 therapy. Nature 2016, 537, 417-421. [CrossRef] [PubMed]

Fransen, M.E; Schoonderwoerd, M.; Knopf, P.; Camps, M.G.M.; Hawinkels, L.J.A.C.; Kneilling, M.; van Hall, T.; Ossendorp, F.
Tumor-draining lymph nodes are pivotal in PD-1/PD-L1 checkpoint therapy. JCI Insight 2018, 3, €124507. [CrossRef] [PubMed]
Connolly, K.A.; Kuchroo, M.; Venkat, A.; Khatun, A.; Wang, J.; William, I.; Hornick, N.L; Fitzgerald, B.L.; Damo, M.; Kasmani,
M.Y,; et al. A reservoir of stem-like CD8+ T cells in the tumor-draining lymph node preserves the ongoing antitumor immune
response. Sci. Immunol. 2021, 6, eabg7836. [CrossRef] [PubMed]

Huang, Q.; Wu, X.; Wang, Z.; Chen, X.; Wang, L.; Lu, Y,; Xiong, D.; Liu, Q.; Tian, Y,; Lin, H.; et al. The primordial differentiation of
tumor-specific memory CD8+ T cells as bona fide responders to PD-1/PD-L1 blockade in draining lymph nodes. Cell 2022, 185,
4049-4066.€25. [CrossRef] [PubMed]

Sautes-Fridman, C.; Petitprez, F,; Calderaro, J.; Fridman, W.H. Tertiary lymphoid structures in the era of cancer immunotherapy.
Nat. Rev. Cancer 2019, 19, 307-325. [CrossRef] [PubMed]

Helmink, B.A; Reddy, S.M.; Gao, J.; Zhang, S.; Basar, R.; Thakur, R.; Yizhak, K.; Sade-Feldman, M.; Blando, J.; Han, G.; et al. B
cells and tertiary lymphoid structures promote immunotherapy response. Nature 2020, 577, 549-555. [CrossRef] [PubMed]
Cabrita, R.; Lauss, M.; Sanna, A.; Donia, M.; Larsen, M.S.; Mitra, S.; Johansson, I.; Phung, B.; Harbst, K.; Vallon-Christersson, J.;
et al. Tertiary lymphoid structures improve immunotherapy and survival in melanoma. Nature 2020, 577, 561-565. [CrossRef]
[PubMed]

Mellman, I.; Chen, D.S.; Powles, T.; Turley, S.J. The cancer-immunity cycle: Indication, genotype, and immunotype. Immunity
2023, 56, 2188-2205. [CrossRef] [PubMed]

Kumagai, K.; Hamada, Y; Horie, A.; Shimizu, Y.; Ohashi, Y.; Aoki, R.; Suzuki, T.; Kawaguchi, K.; Kuroda, A.; Tsujikawa, T.; et al.
Prognostic implications of T cell receptor repertoire diversity in cervical lymph nodes of oral squamous cell carcinoma patients.
Int. J. Mol. Sci. 2025, 26, 7073. [CrossRef] [PubMed]

National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology: Head and Neck Cancers. Version 2.
2026. Available online: https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1437 (accessed on 27 May 2026).
Tahara, H.; Ueda, T.; Hattori, T.; Hattori, M.; Sato, Y.; Chikuie, N.; Taruya, T.; Hamamoto, T.; Ishino, T.; Takeno, S. Outcomes
of near-infrared photoimmunotherapy for head and neck cancer: A single-center retrospective study. Cancers 2026, 18, 350.
[CrossRef] [PubMed]

Chen, D.S.; Mellman, I. Oncology meets immunology: The cancer-immunity cycle. Immunity 2013, 39, 1-10. [CrossRef] [PubMed]
Brown, M.; Assen, EP; Leithner, A.; Abe, J.; Schachner, H.; Asfour, G.; Bago-Horvath, Z.; Stein, J.V.; Uhrin, P.; Sixt, M.; et al.
Lymph node blood vessels provide exit routes for metastatic tumor cell dissemination in mice. Science 2018, 359, 1408-1411.
[CrossRef] [PubMed]

Aguirre-Ghiso, J.A. Models, mechanisms and clinical evidence for cancer dormancy. Nat. Rev. Cancer 2007, 7, 834-846. [CrossRef]
[PubMed]

https://doi.org/10.3390/diagnostics16142164


https://doi.org/10.1038/s41586-018-0130-2
https://www.ncbi.nlm.nih.gov/pubmed/29769722
https://doi.org/10.1038/s41571-022-00689-z
https://www.ncbi.nlm.nih.gov/pubmed/36216928
https://doi.org/10.1126/science.aax0182
https://www.ncbi.nlm.nih.gov/pubmed/32001626
https://doi.org/10.1038/s41591-019-0522-3
https://www.ncbi.nlm.nih.gov/pubmed/31359002
https://doi.org/10.1126/science.aaf1292
https://www.ncbi.nlm.nih.gov/pubmed/28280247
https://doi.org/10.1126/science.aaf0683
https://www.ncbi.nlm.nih.gov/pubmed/28280249
https://www.ncbi.nlm.nih.gov/pubmed/31591533
https://doi.org/10.1038/s41590-019-0312-6
https://www.ncbi.nlm.nih.gov/pubmed/30778252
https://doi.org/10.1016/j.immuni.2018.12.021
https://www.ncbi.nlm.nih.gov/pubmed/30635237
https://doi.org/10.1038/nature19330
https://www.ncbi.nlm.nih.gov/pubmed/27501248
https://doi.org/10.1172/jci.insight.124507
https://www.ncbi.nlm.nih.gov/pubmed/30518694
https://doi.org/10.1126/sciimmunol.abg7836
https://www.ncbi.nlm.nih.gov/pubmed/34597124
https://doi.org/10.1016/j.cell.2022.09.020
https://www.ncbi.nlm.nih.gov/pubmed/36208623
https://doi.org/10.1038/s41568-019-0144-6
https://www.ncbi.nlm.nih.gov/pubmed/31092904
https://doi.org/10.1038/s41586-019-1922-8
https://www.ncbi.nlm.nih.gov/pubmed/31942075
https://doi.org/10.1038/s41586-019-1914-8
https://www.ncbi.nlm.nih.gov/pubmed/31942071
https://doi.org/10.1016/j.immuni.2023.09.011
https://www.ncbi.nlm.nih.gov/pubmed/37820582
https://doi.org/10.3390/ijms26157073
https://www.ncbi.nlm.nih.gov/pubmed/40806206
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1437
https://doi.org/10.3390/cancers18030350
https://www.ncbi.nlm.nih.gov/pubmed/41681823
https://doi.org/10.1016/j.immuni.2013.07.012
https://www.ncbi.nlm.nih.gov/pubmed/23890059
https://doi.org/10.1126/science.aal3662
https://www.ncbi.nlm.nih.gov/pubmed/29567714
https://doi.org/10.1038/nrc2256
https://www.ncbi.nlm.nih.gov/pubmed/17957189
https://doi.org/10.3390/diagnostics16142164

Diagnostics 2026, 16, 2164 17 of 17

48.
49.

50.

51.

52.

53.

54.

55.

Phan, T.G.; Croucher, P.I. The dormant cancer cell life cycle. Nat. Rev. Cancer 2020, 20, 398-411. [CrossRef] [PubMed]

Goddard, E.T.; Linde, M.H; Srivastava, S.; Klug, G.; Shabaneh, T.B.; lannone, S.; Grzelak, C.A.; Marsh, S.; Riggio, A.L,; Shor,
R.E,; et al. Immune evasion of dormant disseminated tumor cells is due to their scarcity and can be overcome by T cell
immunotherapies. Cancer Cell 2024, 42, 119-134.e12. [CrossRef] [PubMed]

Eggermont, A.M.M.; Blank, C.U.; Mandala, M.; Long, G.V.; Atkinson, V.; Dalle, S.; Haydon, A.; Lichinitser, M.; Khattak, A.;
Carlino, M.S,; et al. Adjuvant pembrolizumab versus placebo in resected stage IIl melanoma. N. Engl. ]. Med. 2018, 378, 1789-1801.
[CrossRef] [PubMed]

Ho, W].; Yarchoan, M.; Hopkins, A.; Mehra, R.; Grossman, S.; Kang, H. Association between pretreatment lymphocyte count and
response to PD1 inhibitors in head and neck squamous cell carcinomas. . Immunother. Cancer 2018, 6, 84. [CrossRef] [PubMed]
[PubMed Central]

Sakai, A.; lijima, H.; Ebisumoto, K.; Yamauchi, M.; Teramura, T.; Yamazaki, A.; Watanabe, T.; Inagi, T.; Maki, D.; Okami, K.
Prognostic Value of Inflammatory and Nutritional Biomarkers of Immune Checkpoint Inhibitor Treatment for Recurrent or
Metastatic Squamous Cell Carcinoma of the Head and Neck. Cancers 2023, 15, 2021. [CrossRef] [PubMed]

Mirestean, C.C.; Stan, M.C.; Iancu, R.L; Iancu, D.P.T.; Badulescu, F. The Prognostic Value of Platelet-Lymphocyte Ratio, Neutrophil-
Lymphocyte Ratio, and Monocyte-Lymphocyte Ratio in Head and Neck Squamous Cell Carcinoma (HNSCC)-A Retrospective
Single Center Study and a Literature Review. Diagnostics 2023, 13, 3396. [CrossRef] [PubMed] [PubMed Central]

Zhang, J.; Feng, W.; Ye, Z.; Wei, Y.; Li, L.; Yang, Y. Prognostic significance of platelet-to-lymphocyte ratio in patients with
nasopharyngeal carcinoma: A meta-analysis. Future Oncol. 2020, 16, 117-127. [CrossRef] [PubMed]

Japan Registry of Clinical Trials. A Phase III, Multicenter, Randomized, Open-Label Study Comparing ASP-1929 Photoim-
munotherapy in Combination with Pembrolizumab Versus Standard of Care as First-Line Treatment in Patients with Locore-
gionally Recurrent Head and Neck Squamous Cell Carcinoma Without Distant Metastases (ECLIPSE Study). Available online:
https:/ /jrct. mhlw.go.jp/reports/changes /N1Z26TGZ2YThZZFh2U0ZSUUxkQ0Z6eFdreEM1N2thaGUzZEdiQms2RHJNMw%
3D%3D/19438/102885/jRCT (accessed on 11 May 2026).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/diagnostics16142164


https://doi.org/10.1038/s41568-020-0263-0
https://www.ncbi.nlm.nih.gov/pubmed/32488200
https://doi.org/10.1016/j.ccell.2023.12.011
https://www.ncbi.nlm.nih.gov/pubmed/38194912
https://doi.org/10.1056/nejmoa1802357
https://www.ncbi.nlm.nih.gov/pubmed/29658430
https://doi.org/10.1186/s40425-018-0395-x
https://www.ncbi.nlm.nih.gov/pubmed/30170629
https://pmc.ncbi.nlm.nih.gov/articles/PMC6117944
https://doi.org/10.3390/cancers15072021
https://www.ncbi.nlm.nih.gov/pubmed/37046684
https://doi.org/10.3390/diagnostics13223396
https://www.ncbi.nlm.nih.gov/pubmed/37998532
https://pmc.ncbi.nlm.nih.gov/articles/PMC10670617
https://doi.org/10.2217/fon-2019-0520
https://www.ncbi.nlm.nih.gov/pubmed/31789058
https://jrct.mhlw.go.jp/reports/changes/N1Z6TGZ2YThZZFh2U0ZSUUxkQ0Z6eFdreEM1N2thaGUzZEdiQms2RHJNMw==/19438/102885/jRCT
https://jrct.mhlw.go.jp/reports/changes/N1Z6TGZ2YThZZFh2U0ZSUUxkQ0Z6eFdreEM1N2thaGUzZEdiQms2RHJNMw==/19438/102885/jRCT
https://doi.org/10.3390/diagnostics16142164

	Introduction 
	Current Clinical Role of PIT in Oral Cancer 
	Immunological Basis of PIT 
	Synergistic Effects of the ICI–PIT–ICI Sequence for Recurrent Oral Cancer 
	Illustrative Cases of the ICI–PIT–ICI Sequence 
	Peripheral Immune Surrogates 
	Clinical Implications and Future Perspectives 
	Conclusions 
	References

