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Abstract

Tumors have become more common in recent years across the world. Although immunotherapy is a precise, quick, and efficient 
way to treat tumors, it generates serious side effects, such as cytokine release syndrome (CRS) and neurotoxicity. Thus, the creation 
of an efficient and non-harmful immunotherapy approach is urgently required. Photochemical interactions—especially photody-
namic therapy (PDT) and photothermal therapy (PTT)—can be used for direct cell killing in treating malignancies. 

Selective PTT, which involves the administration of a light-absorbing dye in situ, has also been shown to be an effective strategy for 
the local treatment of malignancies. Photoimmunotherapy (PIT) can become a systemic treatment method by enhancing the benefits 
of phototherapy when combined with immunotherapy. PIT combines the benefits of standard light treatment with the precision 
targeting capacity of antibodies. 

A unique luminous dye and a substance that targets cancer are combined in PIT to increase the body’s immunological response. 
Preclinical investigations have employed PIT combinations, especially in conjunction with immunoadjuvants. The regulatory bodies 
in Japan have granted Near-Infrared PIT (NIR-PIT) its approval, enabling the exploration of ways to minimize risks and maximize 
rewards from this therapeutic approach. 

An essential advantage of NIR-PIT is its ability to kill cancer cells without harming healthy cells or altering the host’s immune sys-
tem. Numerous malignancies can benefit from using NIR-PIT as a standalone treatment or in conjunction with other immunological 
therapies to improve immunity. This review summarizes the history, current, and future of PIT research and its application to various 
and diverse human conditions.
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Extracorporeal Photopheresis; EGFR: Epidermal Growth Factor; FAP: Fibroblast Activation Protein; FPLCA: Familial Primary Localized 
Cutaneous Amyloidosis; GIST: Gastrointestinal Stromal Tumor; GPA33: Glycoprotein A33 Antigen; HNSCC: Head and Neck Squamous 
Cell Carcinoma; HSP: Heat Shock Protein; ICD: Immunogenic Cell Death; IL: Interleukin; IsaA: Immunodominant Staphylococcal Antigen 
A; mAb: Monoclonal Antibody; Mb: Mini Bodies; MRSA: Methicillin-Resistant Staphylococcus aureus; NIR: Near-Infrared; NIR-PIT: Near-
Infrared PIT; NSCLC: Non-Small Cell Lung Cancer; PDT: Photodynamic Therapy; PIT: Photoimmunotherapy; PTT: Photothermal Therapy; 
PUVA: Psoralen-Ultraviolet A; RA: Rheumatoid Arthritis; ROS: Reactive Oxygen Species; SSc: Systemic Sclerosis; TEAE: Treatment-Emer-
gent Adverse Events; TME: Tumor Microenvironment; TRA-IR700: Trastuzumab-IR700; UV: Ultraviolet

Introduction

Phototherapy was first used to treat skin problems centuries ago. People in Egypt and India used plant extracts or seeds, followed by 
sun exposure, to cure skin ailments 3,500 years ago [1]. The contemporary period of light utilization began in the 19th century. Downes 
and Blunt reported the findings of their investigation of how light hindered fungal and bacterial development in 1877 [2]. 

Phototherapy has historically played a vital role in treating many skin conditions. Long before the invention of artificial light sources, 
the advantages of natural light were understood even without comprehending its mechanics [3]. 

In 1905, Fleischmann made the first discovery in the field of photoimmunology when he discovered that exposing antisera to UVC (254 
nm) light in vitro could eliminate the precipitin response. This finding was typical of numerous discoveries made during the next 60 years. 
Each was interesting in its own right but needed to provide a comprehensive picture of how non-ionizing radiation (NIR) exposure can 
impair immune function. However, in the last few years, several factors have caused this scenario to shift. 

Thomas B. Fitzpatrick and John Parrish coined the acronym PUVA (Psoralen-ultraviolet A) in 1974 to describe this treatment approach 
[2]. Dermatologists have become more interested in how photochemotherapy affects immunological function as a result of the success 
of this treatment in several skin conditions suspected of having immunologic pathogens [4]. This review summarizes recent and future 
research on photoimmunotherapy (PIT) and its applications in various human diseases and disorders.

Discussion

PIT combines phototherapy and immunotherapy by injecting a compound photosensitizer (IR700) and a monoclonal antibody (mAb) 
to target the surface-expressed antigen of the tumor. Immunotherapy and PDT together have synergistic benefits in cancer therapy by 
increasing the immune system response. It enables the targeted elimination of cancerous cells while causing minimal harm to normal 
tissue [5-7].

According to Mew., et al. (1983), “PIT was created and pioneered in 1983 at the University of British Columbia, Canada, by Professor 
Julia Levy and colleagues” [8]. Professor Julia Levy’s study also played an indispensable role in the clinical approval of Visudyne and Pho-
tofrin. Numerous research teams worldwide have examined PIT extensively in vitro and in vivo over the last 35 years. Professor Kobayashi 
and his colleagues at the National Cancer Institute, Bethesda, Maryland, have more recently achieved substantial advances in PIT [9]. 

Conventional PDT destroys cancer cells by utilizing non-ionizing light to activate a nonspecific photosensitizer. Photosensitizers create 
reactive oxygen species (ROS) that quickly destroy cells when exposed to light at a specific wavelength. However, this PDT therapy has 
significant negative consequences, as non-targeted photosensitizers are also taken up by healthy tissue [10]. 
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PIT treatment avoids side effects by utilizing a tailored photosensitizer comprising two components—a non-targeted photosensitizer 
and a mAb—that recognize particular proteins expressed on the surface of tumor cells. Innovative mAb-based photosensitizers are com-
mercially available but can only be light triggered for targeted PIT when coupled to specific proteins on tumor cell membranes [8]. 

PIT may be able to address problems associated with unequal or insufficient antibody distribution in standard antibody treatment. 
Furthermore, PIT is not restricted by treatment frequency, and recurrent PIT is a viable technique to address the inadequacy of antibody 
therapy [11].

Photoimmunology applications

Tumor antigens can be found in abundance in cells undergoing phototherapy-induced apoptosis or necrosis. Immunotherapy fully 
uses tumor antigens in conjunction with phototherapy to stimulate an antitumor immune response. As a consequence, photoimmunologi-
cal treatment can cure metastatic malignancies, non-small cell lung cancer (NSCLC), prostate cancer, and gastrointestinal stromal tumors 
(GISTs) [12]. 

Extensive research has been conducted in photoimmunology over the last three decades. Photoimmunological techniques are also 
used to treat inflammatory skin diseases mediated by T cells (such as psoriasis, atopic dermatitis, patch-stage cutaneous T-cell lymphoma, 
vitiligo, and pruritus due to various causes). 

These strategies have recently been effective in treating several systemic autoimmune disorders [13]. In summary, photoimmunology 
arose from discoveries made in three separate study cields: (i) photocarcinogenesis, (ii) investigations on the function of epidermal Lang-
erhans cells, and (iii) the growing use of UV rays for the treatment of skin illness [14].

In summary, photoimmunology arose from discoveries made in three separate study fields: (i) photocarcinogenesis, (ii) investigations 
on the function of epidermal Langerhans cells, and (iii) the growing use of UV rays for the treatment of skin illness [14].

Despite being a very successful and novel therapy, certain obstacles limit its exclusive use in clinical practice. These include the limits 
of NIF light penetration, target selection, concerns about tumor lysis syndrome, and medication pricing [15]. 

Near-infrared (NIR) light

 NIR light is monochromatic, allowing for remarkable selectivity in molecular biomodulation. LED arrays and lasers may generate NIR 
light. Lasers can produce adequate, coherent light energy for high tissue penetration and a constant beam that delivers energy to defined 
areas. 

The laser beam width may be increased by linking them with fiber optics, allowing energy to be distributed to wider regions. LEDs 
may create efficient but noncoherent light in the 4 - 10 nm wavelength range. However, LEDs do not produce heat, making thermal harm 
impossible. Additionally, LEDs may be connected to arrays with ergonomic features to enable the effective distribution of energy to a siz-
able region, such as the brain. LEDs have been tested in humans and authorized by the FDA [16].

Photoimmunology

The study of how ultraviolet (UV) light and radiation (photons) affect the immune system is known as photoimmunology [13]. Photo-
biologists are interested in this field because it has produced some remarkable examples of how radiation exposure, mostly absorbed in 
the skin, may trigger systemic alterations in remote, non-exposed areas.  
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Immunologists are curious about the impacts of non-ionizing radiation because it is proven to be a beneficial tool for investigating the 
operation of the immune system and its parts. Dermatologists are especially interested in the topic, as non-ionizing radiation and immu-
nological responses interact in the pathogenesis of some illnesses. The skin absorbs practically all radiation affecting the immune system 
(200 - 700 nm) [4,17].

Studies have shown that photoimmunological treatments, including PTT, PDT, and PIT, can treat various human immunological dis-
eases and illnesses (Figure 1) [3,4,6,12-14,17-24]. However, photoimmunology has various drawbacks and side effects that should be 
considered, such as the possibility of combinations of medications, photoallergy, and the risk of skin cancer [25].

Citation: Holets HM, Kerna NA, Ngwu DC, Chawla S, Carsrud NDV, Pruitt KD, Flores JV, Anderson II J, Nwachukwu D. “Photoimmunothera-
py for Immunosuppressed Patients and Prevalent and Commonly Known Cancers”. EC Clinical and Medical Case Reports 6.3 (2023) : 25-42.

Figure 1: Applications of photoimmunology in human immunological disorders and diseases [3,4,6,12-14,17-24].

NIR-PIT targeting 

The immunogenic cell death (ICD) caused by NIR-PIT is unique [26]. NIR-PIT rapidly induces ICD, which activates adaptive immune 
responses. When NIR-PIT is administered, it quickly causes ICD, triggering the activation of the adaptive immune system using dying or 
dead cell-associated antigens (such as calreticulin [CRT], adenosine triphosphate [ATP], high mobility group [HMGB1], heat shock protein 
[Hsp] 70, and Hsp90). 

These danger signals trigger the expression of specific antigens secreted by cancer cells that have received NIR-PIT treatment by 
nearby immature dendritic cells (DCs). DCs deliver these antigens to T cells, priming and retraining them to become cancer-specific CD8+ 
T cells. Due to ICD, NIR-PIT can restore antitumor host immunity. All of these factors contributed to the success of NIR-PIT [9,11,27].

The fact that NIR-PIT simultaneously engages the immune response against several antigens secreted from burst cancer cells is a sig-
nificant aspect of the host immunological activation generated by this approach [27]. NIR-PIT with cetuximab-IR700—in the first human 
Phase 1 and 2 clinical studies, targeting EGFR)—was successful in patients with recurrent and advanced head and neck squamous cell 
carcinoma (HNSCC). 

In Phase I/II studies, NIR-PIT was shown to be as practical as, if not superior to, second- and third-line therapy for recurring HNSCC 
with fewer side effects, improving the possibility that NIR-PIT might be an effective, novel treatment for HNS [28]. The first EGFR-targeted 
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NIR-PIT drug, cetuximab-IR700, was provisionally licensed and approved for clinical use in Japan in 2020. EGFR-targeted NIR-PIT in ma-
lignancies with EGFR overexpression is theoretically possible in different types of cancer [29].

NIR-PIT is unique because it can be targeted with a wide range of antibodies [29]. HER2 overexpression results in the formation of 
spontaneous receptor homodimers or heterodimers with other ligands of the ErbB family. This overexpression activates downstream 
oncogenic signaling (e.g., PI3K/Akt/mTOR and MAPK) that promotes cell proliferation, survival, and angiogenesis [29,30]. 

In a gastric cancer xenograft model, combination treatment with 5-fluorouracil (5-FU) and HER2-targeted NIR-PIT quickly caused con-
siderable tumor suppression. Similarly, in another xenograft model, NIR-PIT with trastuzumab-IR700 and pertuzumab-IR700 conjugates 
showed higher anticancer effects than any mono-conjugate [31].

In syngeneic animal models, including a weakly immunogenic tumor, studies have indicated that combining CD44-targeted NIR-PIT 
with inhibition of PD-1 or CTLA4 checkpoints was more successful than single therapy. More than 70% of tumors with a history of growth 
were eliminated by the combination [32]. 

PSMA is a well-known cell membrane marker of prostate cancer that is seen in the highest concentrations in pleomorphic, recurrent, 
and hormone-refractory prostate cancer. In addition, PSMA expression is related to the phase and severity of prostate cancer, while it is 
minimal in body cells. 

Nagaya., et al. (2017) discovered that NIR-PIT using PSMA as the target antigen for anti-PSMA-IR700 could be an effective new thera-
peutic method for prostate cancer, particularly during diagnosis, early therapy, and locoregional resurgence in the pelvis [33]. Further-
more, NIR-PIT was a successful therapy for PSMA-targeted tiny and bivalent antibody fragments, such as diabodies (Db) and mini bodies 
(Mb).

NIR-PIT could be utilized as a surgical adjuvant to treat any remaining pancreatic cancer. Using CEA-targeted NIR-PIT was examined 
in an orthotopic xenograft model obtained from a patient [34]. MSLN is a target for antibody-based treatments and is used as a systemic 
diagnostic biomarker. In mouse xenograft models, MSLN-targeted NIR-PIT was efficacious [35].

Wei., et al. (2020) coupled IR700 with a single-chain antibody (A33scFv) that targets the glycoprotein A33 antigen (GPA33) to treat 
colorectal cancer. A33SCFV-IR700 was enriched explicitly in GPA33-positive tumors in LS174T tumor-bearing mice, and a single dose of 
A33SCFV-IR700 paired with light generated good therapeutic results compared to the non-PIT group [36]. 

Furthermore, according to Nishimura., et al. (2019), TROP2-targeted NIR-PIT reduced tumor development in models of bile duct 
cancer and ductal carcinoma [37]. Similarly, xenograft studies indicated NIR-PIT targeted by CDH17/GPA33/GPC3/c-KIT/CD20/CD25/
CD47/CD146/GSA/PD-L1 suppresses/inhibits tumor development [38-46]. 

Researchers have recently employed nanotechnology in drug delivery. Abu-Yousif., et al. (2012) coupled the benzoporphyrin monoacid 
ring A (BPDMA) derivative with cetuximab C225, which interacts with EGFR overexpression in Chinese hamster ovary cells. The findings 
demonstrated a mechanism for inhibiting EGFR-mediated signaling [47].

PIT may act on various targets in addition to the surface antigens of tumor cells to achieve the goal of tumor treatment. Nishimura., et 
al. (2020) examined the effect of anti-VEGF antibodies on the VEGFR-2 antibody DC101, which was coupled with IR700 to create DC101-
IR700, which attacks malignant blood vessels. NCIn87 outperformed trastuzumab-IR700 (TRA-IR700) in tumor microvascular density 
reduction and neovascularized tumor elimination [48].
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CAFs are the most prevalent cell type in the tumor microenvironment (TME) and are hypothesized to be important in tumor growth, 
angiogenesis, metastasis, and immunosuppression. The primary target molecule for CAFs is the fibroblast activation protein (FAP), a 
unique surface hallmark of CAFs. Therefore, using NIR-PIT targeted with FAP in conjunction with traditional anticancer therapies is ex-
pected to result in a more successful treatment plan [49–51]. NIR-PIT has been studied in several types of cancer [2].

Conventional pharmacological treatment vs. chemotherapy vs. PIT 

Differences between PIT, conventional pharmacological treatment, and chemotherapy in immunotherapy are shown in Figure 2.
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Figure 2: Difference between PIT, conventional pharmacological treatment, and chemotherapy regarding immunotherapy [6,52-62].

Clinical application of photoimmunology

The clinical application of PIH is shown in Figure 3 [26,63].

PIT for various non-malignant conditions

Other non-malignant conditions in which light therapy is used are noted in the following.
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Infection: Targeted antimicrobial phototherapy is one of the alternative antimicrobial techniques developed in response to the rising 
incidence of bacteria resistant to conventional antibiotics. To efficiently target and eliminate methicillin-resistant Staphylococcus aureus 
(MRSA) cells following light irradiation, Bispo., et al. (2020) utilized an antibody against the immunodominant staphylococcal antigen A 
(IsaA). Despite the high antioxidant activity of plasma, the anti-IsaA NIR-PIT may successfully eradicate a high MRSA titer with the aid of 
the boosting agent potassium iodide [64].

Pain: In people with mechanical allodynia (a significant sign of neuropathic pain), spontaneous contact causes intense pain. To go beyond 
the complex signaling networks that underlie pain responses, NIR-PIT can directly attack cells. In addition, TSPC dosage, light intensity, 
and frequency are also programmable, enabling customized therapy modalities [63].

Itch: Chronic itching results in a substantial impulse to scratch, leading to skin damage and lowering life quality to a degree similar to 
pain. Interleukin (IL)-31 has been recognized as a critical mediator of the itch response. In mouse models of atopic dermatitis and familial 
primary localized cutaneous amyloidosis (FPLCA), a single treatment with IL-31 receptor-targeted NIR-PIT can cause long-term allevia-
tion of itch-related behavior, promoting skin repair [65].

Hyperinsulinemic hypoglycemia: Hyperinsulinemic hypoglycemia can be due to pancreatic beta cells producing excessive insulin. In 
individuals with hyperinsulinemic hypoglycemia, NIR-PIT using an analog of GLP-1 can precisely bind and destroy GLP-1R-positive cells, 
offering a novel, efficient, and less invasive method to restore blood glucose levels [66].
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Figure 3: Clinical application of PIT [26,63].
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Rheumatoid arthritis (RA): According to specific reports, the long-term development of RA is correlated with the overexpression of FAP 
in stimulated SFs. For activated SFs, FAP serves as a surface marker [67]. According to research by Dorst., et al. (2022), FAP-based NIR-
PIT kills FAP-positive fibroblasts in a population of primary synovial fibroblasts and synovial tissue samples from people with RA. This 
innovative FAP-mediated technique could treat RA instead of immunosuppressive drugs [68].

Systemic sclerosis (SSc): SSc, also called scleroderma, is a complex autoimmune disease characterized by inflammation, vasculopathy, 
and fibrosis of the skin and internal organs. Similarly to RA, FAP is expressed explicitly in activated fibroblasts in SSc; therefore, NIR-PIT 
oriented to FAP can potentially eliminate pathological fibroblasts in the skin of SSc. FAP-mediated NIR-PIT could deplete primary skin 
fibroblasts from SSc patients in 2D/3D cultures and entirely prevent the contraction of SSc fibroblasts in 3D cultures, which is critical for 
tissue stiffness and fibrosis [69].

Elimination of target cells from mixed cell cultures or tissues: NIR-PIT was able to remove particular cells from mixed 2D/3D cell 
cultures or tissues ex vivo as well as from mixed populations in tumor models without harming non-targeted cells by using targeted anti-
bodies and spatially targeted irradiation [70,71].

Specific criteria and tests before recommending PIT

A thorough evaluation of the patient is necessary before suggesting PIT. The complete integument should be subjected to a dermato-
logical examination by evaluating the phototype and photodamage level and assessing the severity and extent of dermatosis. Detecting 
precancerous or cancerous skin lesions is also crucial [72]. Kidney and liver function tests, as well as beta-HCG to rule out pregnancy, 
should be required for the phototherapy modality. A lipid profile should be requested when retinoids are administered concurrently [73]. 
The need for the ANF exam is contentious. 

The business of PIT: Companies and marketing

According to a TechSci research report, the worldwide PIT market is predicted to expand at a remarkable rate during the forecast 
period of 2023–2027.

The global PIT market is segmented by treatment area, end user, regional distribution, and market competition. Depending on the 
therapeutic area, the industry is fragmented into prostate, thyroid, lymphoma, and others. According to the end user, the industry is di-
vided into many segments, including hospitals and clinics, outpatient care centers, the life sciences, and pharmaceutical sectors.

The leading market participants in the worldwide PIT market include “Rakuten Medical, Inc., Modulight Corporation, Steba Biotech 
Ltd., and Luzitin SA, Shimadzu Corporation [74].” Based on its AlluminoxTM technology, Rakuten Medical, Inc. is developing and marketing 
precision, cell-targeting investigational medicines that have been demonstrated in preclinical tests to cause rapid and targeted cell death 
and tumor necrosis. 

AlluminoxTM medicines have yet to receive regulatory authority approval for safety or efficacy outside Japan. However, the company’s 
initial treatment for recurrent head and neck cancer created on the AlluminoxTM platform, ASP-1929, has been approved by the Japanese 
Ministry of Health, Labor, and Welfare and is currently being tested in a worldwide phase 3 clinical study [75]. In addition, the regulatory 
authorities in Japan have authorized NIR-PIT, allowing the investigation of ways to minimize risks while optimizing the advantages of this 
therapeutic approach [60].

Citation: Holets HM, Kerna NA, Ngwu DC, Chawla S, Carsrud NDV, Pruitt KD, Flores JV, Anderson II J, Nwachukwu D. “Photoimmunothera-
py for Immunosuppressed Patients and Prevalent and Commonly Known Cancers”. EC Clinical and Medical Case Reports 6.3 (2023) : 25-42.

Photoimmunotherapy for Immunosuppressed Patients and Prevalent and Commonly Known Cancers

32



PIT adverse effects

Despite the highly encouraging therapeutic benefits, there are still a few possible restrictions and difficulties when considering PIT 
application. The first is that the organs around the tumor exposed to light could become poisonous. One of the most frequent treatment-
emergent adverse events (TEAE) documented in individuals treated with NIR-PIT is minor peri-tumor cutaneous edema. 

While being treated, a small percentage of patients had low-grade, reversible cutaneous photosensitivity [76,77]. Furthermore, expo-
sure to light might harm metabolic organs such as the liver or kidneys. Second, due to the restricted depth of penetration light and the 
confined illumination, it is challenging for PIT to treat all dispersed sites or those located in deeper tissues or organs where light irradia-
tion is inaccessible [78,79]. 

PIT may cause systemic cytokine storms, which might have negative consequences [80]. Third, problems with the selection of target 
molecules, the development of tumor lysis syndrome, and the high cost have been noted [15].

Adverse effects and risks of photoimmunology in the human body 

The immunosuppressive effects of UV radiation have several effects by inhibiting protective cell-mediated immunity. UVB-induced 
immunosuppression also plays a role in the onset, progression, and persistence of various skin conditions and infections. Premature skin 
aging, an intensification of infectious diseases, the induction of skin cancer, and the production of inflammation and cell death are some 
of these impacts [18,81]. 

The knowledge acquired from animal models on the photoimmunological effects of UV radiation, combined with observations in 
people, has served as the basis for ideas on the immunopathogenesis of a variety of photo dermatology diseases, notably polymorphous 
light eruption, chronic actinic dermatitis, and cutaneous lupus erythematosus (Figure 4) [82].
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Figure 4: Adverse effects or risks involved in the use of photoimmunology [13,82].
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Various light-wave devices related to immunotherapy

PIT, PTT, PDT, extracorporeal photopheresis (ECP), and photobiomodulation (PBM) are representative of the phototherapies used for 
tumor cell destruction (Figure 5). 
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Figure 5: Other light-wave devices related to immunotherapy [83-89].

PIT combines the benefits of standard phototherapy with the precision targeting capabilities of antibodies [6]. The total benefits and 
drawbacks of PIT are shown in Figure 6 [6,90–94].

Figure 6: Advantages and disadvantages of PIT [6,90-94].
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PIT’s future applications

During the last few years, significant progress has been made in understanding the effects of ultraviolet (UV) light on immunological 
responses in animals. However, human investigations have progressed significantly slower than in many other areas of immunology. This 
deficiency should be rectified, and the findings of animal studies may be used to predict which areas of research would be most fruitful 
in humans [4,17].

Photoimmunology has helped us better understand immunological regulatory mechanisms. For example, immunobiology examination 
of the UVR-exposed host reveals the relevance of anatomic compartmentalization, the link between inflammation and host defense, and 
how suppressor cell-dominated responses might be selectively activated. 

Furthermore, the use of UVR to modify the immunologic potential of a host reveals the function of IL1, PG, steroids, and other hor-
mones in various types of immunological regulatory mechanisms. This knowledge should be beneficial in elucidating the wide range of 
mechanisms that ultimately govern the immune response and in the therapeutic modification of specific immunologic conditions [92]. 

The best way to apply photoimmunology to different cancers is currently being investigated [51]. In addition, PIT may be a beneficial 
therapy as an adjuvant to surgical resection or as the primary therapy to suppress tumor development [93].

To obtain the best cytotoxic impact, PIT is being studied with combination therapies such as chemotherapy, radiation, surgery, or pho-
totherapy—raising the prospect of new combination drugs [94].

Although it is hard to foresee the direction of this fascinating field of research, the significant advances made in the last decade may be 
taken as an indicator. Based on the variety of research fields engaged in photoimmunology, one may speculate that the future will bring 
breakthroughs from basic and clinical experts. These advancements should provide significant knowledge of how environmental factors 
could affect a normal host’s immunologic potential and considerable insight into processes that can manipulate particular immunologic 
responses [92].

Conclusion

Photoimmunology, a relatively young field of biomedical study that investigates the effects of non-ionizing electromagnetic radiation, 
particularly UV radiation, on the immune system, has contributed to a better understanding of immunological regulatory mechanisms. 
Photoimmunology developments have often mirrored immunology breakthroughs. Researchers say combining phototherapy and immu-
noadjuvant therapy promotes ICD and improves antigen presentation synergy. 

Phototherapy typically involves the introduction of PSs that absorb light and generate ROS in cellular settings. The principal light-
based sensors are PDT, PTT, ECP, PBM, and PIT. PIT, especially NIR-PIT, has shown significant potential for overcoming the challenges as-
sociated with previous phototherapies. The ability of NIR-PIT to destroy tumor cells without harming normal cells or impairing the host 
immune system was a significant advantage. In addition, NIR-PIT can be combined with other drugs, such as immune checkpoint inhibi-
tors, to improve therapeutic efficacy. Photoimmunotherapy can efficiently treat a broad spectrum of malignancies by directly targeting 
proper tumor cells, immune cells, or both, and other immunotherapies can reinforce it.
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