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ABSTRACT  
Biological alterations result in unchecked cell growth and division producing cancer. Mankind has always been interested in light, and, it 

being both a topic of study and a device for looking into other occurrences can be seen following the inception of time. Besides the development of 

nanosystems, the usage of light has now entered a new level where interactions between light and matter occur at wavelength and subwavelength levels 

accompanying management by physico-chemical properties of nanoforms. This area of nanophotonics enables the investigation and control of light-

encompassing nanoforms, individual molecules, and biomolecular assemblies. Numerous molecular cancer treatments have been developed using the 

amazing nanoscale features as a result of nanophotonics in biomolecular interactivities, or nanobiophotonics. In this work, we demonstrate the 

applications of nanobiophotonics and of multifaceted nanoplatforms which constitute excellent treatment efficiency and impart breakthroughs for aimed 

tumour treatment. 
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INTRODUCTION  
Cancer is viewed as “the emperor of all maladies.” 

According to the American Cancer Society, it is the principal seedbed 

of high morbidity and mortality throughout the world. Many cancers 

can be cured if identified promptly and treated efficaciously. Nano 

photonics deals with the dynamics of light and reconnoitres light and 

its interrelations with entities at the nano-level. Radiation, 

chemotherapy, and surgery, along with combined strategies have been 

the persistent bedrock of cancer therapy. Even so, deficient targeting 

abilities and the presence of acute side effects made these methods less 

potent. Nano systems have been suggested with minuscule 

invasiveness and notable effectualness and drug delivery. In contrast 

to conventional therapies like chemotherapy and radiation therapy, it 

is regarded as a non-intrusive curative method accompanied by great 

selectiveness along with nondrug resilience. In the tumour 

microenvironment, mild thermal therapy has many advantages, 

including the ability to improve drug delivery, radio sensitize hypoxic 

areas, activate temperature-sensitive agents, including strengthening 

the immune system. Nanoparticle-facilitated heat therapy has the 

likeness to coalesce these benefits. Strong light-matter interaction and 

excellent sensing capabilities are provided by the strong confinement 

of light in nanophotonic waveguides and resonators [1]. The present  

 

review highlights the various scientific outcomes and information’s 

gathered from a systematic approach that discusses on the principle of 

light-energised nanoparticles application in science viz biology and 

medicine. The present paper also focusses on the assistance of 

culmination of light source in nanotechnology offering a great promise 

for therapeutic purposes.   

Black phosphorus quantum dots  

A metal-free sheeted semiconductor with a band gap 

determined by its broadness that can be adjusted from 0.3 eV for bulk 

to 2.0 eV for the singular film is the freshly discovered black 

phosphorus quantum dot (BPQD). While contrasting with other two-

dimensional (2D) materials with puckered lattices, like selenium, 

transition metal disulphide (TMD), and graphene, black phosphorus 

(BP) has a greater surface-to-volume ratio. The ability of BP to load 

drugs may be improved by this characteristic. In addition to producing 

singlet oxygen for PDT, black phosphorus is particularly effective 

photoactive for unusual electronic structures. With their broad visible 

light spectrum absorption and near-infrared (NIR) photothermal 

characteristics for PTT, BP's nanoparticles (NPs) as well as quantum 

dots are both capable of absorbing light. A necessary, naturally 

biocompatible element, phosphorus accounts for about 1% of the 
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weight of the average human body. The development of innovative 

delivery mechanisms for the treatment of cancer is therefore thought 

to be appropriate for BP. A mouse tumour model using 293T cells has 

been used to study the anticancer effects of BPQD as a drug delivery 

method. The medicament dispensing system's name was FA-

PEG@BPQD@DOX. After the administration of nanocomposites, a 

laser was utilised to stimulate the BPQD's generation of reactive 

oxygen and hotness, which cause cell damage. The medication was 

released from the nanocomposite while the temperature was elevated. 

The cell mortality of FA-PEG@BPQD@DOX was roughly ten points 

more than that of PEG@BPQD@DOX with identical radiation 

exposure, which may have biomedical importance. The 

biocompatibility and physiological stability of BPQDs functionalized 

with FA-PEG-NH2 can also be increased. The photothermal efficiency 

of FA-PEG@ BPQD@DOX was superior compared to BPQDs. All 

the findings point to enhanced PDT and PTT efficacy and elevated 

drug encumbrance ability of FA-PEG@BPQD@DOX. These 

medications can be released as feedback to the NIR laser via FA- 

PEG@BPQD@DOX. The FA-PEG@BPQD@DOX + laser group had 

the maximum chemotherapeutic effects ascribed to the synergistic 

outcomes. When compared to PEG@BPQD@DOX + laser 

assemblage, the FA-PEG@BPQD@DOX + laser assemblage 

demonstrated a more elevated level of cytotoxicity. The temperature 

when quickly elevated to 56.8°C by radiation of 300 s at 808 nm (2 

W/cm2), is adequate to destroy tumour cells. These data demonstrate 

that FA-PEG@BPQD@DOX NPs have an outstanding PTT effect as 

well as a precise targeting capability for tumour ablation, making them 

a promising cancer therapy with a high level of biological safety [2,3]. 

Figure 1: An illustration of the formulation of the FA-PEG@BPQD@DOX nanoaggregate 

 

Gold Nanostars-Enhanced SYMPHONY therapy for cancer 

treatment  
Combining checkpoint inhibitor immunotherapy and 

photothermal ablation mediated by gold nanostars (GNS), the novel 

cancer treatment known as Synergistic Immuno Photothermal 

Nanotherapy (SYMPHONY) is a breakthrough innovation. 

SYMPHONY photoimmunotherapy not only cures the main tumour 

but also greatly boosts anti-carcinogenic immune actions in 

conjunction with checkpoint barricade immunotherapy to cure distant 

as well as irresectable carcinogenic metastases. In addition, the 

SYMPHONY treatment causes an immunologic memory-inducing 

"cancer vaccine" effect that stops cancer from returning in mouse 

animal models. After intravenous injection, significant GNS was found 

in the tumour at the 72-h juncture. CT (Computed Tomography) scan 

of the tumour reveals diverse intra-tumoral spreading of GNS, with a 

concentration of GNS near the rim that is considerably elevated than 

that in the tumour's centre. GNS can accumulate specifically in 

tumours, according to in vivo surface-augmented Raman spectroscopy 

(SERS). Near-infrared (NIR) laser with GNS can effectively remove 

the tumour, as shown by in-vivo photothermal therapy. In contrast to 

the tumour treated with simply laser irradiation, which expanded 

rapidly, the tumour treated with combined GNS and laser irradiation 

substantially shrank. There was no discernible tissue impairment 

exterior of the tumour site, the and ablation effect of GNS-enhanced 

photothermal therapy was restricted exclusively to the tumour. There 

was some skin burning right on the tumour site, but these animals 

showed no other negative side effects. A dual flank tumour model with 

MB-49 bladder cancer cell line and C57BL/6 laboratory mice was used 

to showcase that SYMPHONY therapy could treat not only the primary 

tumour but also activate anti-cancer immune responses to treat cancer 

metastasis and check cancer recurrence and the observed synergistic 

therapeutic effect displayed the same [4]. 
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Figure 4: The steps of tissue removal with PNBs (from top to bottom): (1) aiming the tissues with gold nanoparticles (NP), (2) optical activation of gold NPs with a 

short pump laser pulse, (3) generation of PNB and its monitoring through the optical scattering of the probe laser beam, (4) removal of tissue due to mechanical impact 

of PNB. 

 

Gold nanoparticles (GNPS) in photo thermal therapy(PTT)  
One of the most encouraging research areas for cancer 

therapeutics at the moment is photothermal cell damage. When 

exposed to proper light, GNPs heat up tremendously and display an 

absorption maximum in the visible or near-IR range. Gold particles can 

be attached to antibodies or other molecules to achieve the death of 

target cells if they are within or close to each other in this situation. 

GNPs have been used in photothermal therapy of tumours resistant to 

chemotherapy. The exceptionality of GNPs is that, under certain 

circumstances, they can maintain their optical characteristics in cells 

for a significant time-span. A non-traumatic method of controlling cell 

inactivation is possible through successive laser pulse irradiation. 

Though gold nanospheres themselves are useless in near-IR, 

aggregates made of them can be quite successful at an adequately small 

extent between the particles (smaller than 0.1 of the particle diameter). 

Both inside and outside of cells, such clusters can develop. Using tiny 

aggregates of 30 nm particles, malignant cells may be eliminated at a 

radiation power 20 times less than the particle-free control observed 

[5]. 

GNP-based photodynamic therapy 
 One of the uses of photosensitizers is the photodynamic 

method of treating malignancies. Sensitizers can be given orally and 

through contact, but intravenously is the most common method of 

administration. The ingredients employed in photodynamic therapy 

(PDT) may preferentially concentrate in tumours or other target 

tissues. Using a laser beam with a wavelength that matches the apex of 

dye absorption, affected tissues are illuminated. In this instance, in 

addition to typical heat emission through absorption, a different 

mechanism that involves the photochemical generation of singlet 

oxygen and the production of extremely potent radicals that cause 

tumour cells to necrotize and die is crucial. By harming the tumour's 

micro vessels, PDT also interferes with its ability to eat, which 

ultimately results in the tumour's death. Nanoconjugates contain 

photoactive compounds, peptides (like CALLNN), and proteins (like 

transferrin), which aid in the intracellular entrance. Recently, use of 

composite nanoparticles that included gold nano shells as well as 

magnetic particles, a photodynamic dye, PEG, and antibodies was 

recommended [5]. 

Phototherapy with immunotherapy  
Using a combination of phototherapy and immunotherapy, 

photoimmunotherapy (PIT) is a new form of oncology treatment. It is 

more effective to treat metastatic cancer by combining phototherapy 

and immunotherapy because they boost the immune system's reaction. 

PIT kills cancer cells in a targeted manner, resulting in immunogenic 

cell death (ICD), which triggers local immune responses and causes 

dying cancer cells to release cancer antigens. PIT has power to boost 

ICD's antitumor immune response, halt tumour metastasis, and stop 

recurrence. During PIT, ICD is used as an anticancer approach. 

Damage-associated molecular patterns (DAMPs), which are generated 

by perishing tumour cells, will cause immune system to respond. The 

ROS level ought to be elevated enough to produce an ICD during the 

PDT procedure. Modifying the TME level is a smart strategy to 

improve therapeutic effectiveness. Eliminating ROS in TME in a 

breast cancer model induced antitumor immunity and enhanced T 

lymphocyte infiltration, producing a highly effective anticancer 

impact. A polymer-peptide-based nano transformer along with a 

packed antigenic peptide make up proton-driven nano transformer-

based vaccination (NTV) and provides a safe and effective method for 

cancer immunotherapy by inducing strong immune response without 

causing significant systemic damage (CIT). 

Photodynamic therapy triggered immunotherapy  
Passive physical adsorption is used to encapsulate the 

liposome benzoporphyrin as well as cetuximab antibody for EGFR 

(Epidermal Growth Factor Receptor) into steady preformulated plain 
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liposome to inhibit EGFR. The cell death caused by PDT for ovarian 

cancer has increased with the inhibition of EGFR signalling [6,7]. 

Photothermal therapy-Induced immunotherapy  
It may be possible to improve therapeutic efficacy by combining PTT 

with NPs (nanoparticles). L-tryptophan is consumed excessively and 

kynurenine accumulates in TME in PTT-influenced immunotherapy 

due to elevated articulation of IDO after interferon inducement. The 

NIR-I (NIR-I, 1000 nm) light triggers common photothermal agents, 

but therapeutic efficacy in in-vivo studies is limited by wavelength. 

Since it has superior biological transparency and decreased utmost 

allowable exposure threshold than the first NIR light, NIR-II is much 

better than NIR-I. In the further regions of the tumours, particularly for 

in-vivo studies, NIR-II light may cause increased uniform discharge 

and scattering of DAMPs (Damage-Associated Molecular Patterns). A 

photothermal-activable polymer nano-agonist (APNA) for NIR-II 

light-controlled photothermal CIT helps to overcome this problem [8]. 

These NPs have a semiconducting polymer backbone and can absorb 

NIR-II light to act as a photothermal agent. When exposed to NIR-II 

light, the NPs moderate photothermal impact to destroy tumour 

straightaway and cause ICD of carcinoma cells to encourage antitumor 

immunity. The thermolabile linker was cleaved in-situ at the tumour 

location, enhancing the anticancer immune response [9]. 

Immunotherapy triggered by Photodynamic and Photothermal 

Therapy  

The effectiveness of PDT is constrained by the oxygen 

content of the TME despite its reliance on photogeneration of ROS [9]. 

The therapeutic effectiveness of PTT may be limited by the inability 

to heat tumour tissues deeply and by thermotolerance following initial 

treatment. For this reason, photodynamic and photothermal combined 

therapy may be a superior option for balancing one another out and 

increasing therapeutic efficacy. A clever strategy to reduce adverse 

effects and increase therapeutic efficacy during phototherapy is ROS-

responsive medication release. Organic semiconducting pro-nano-

stimulant (OSPS) with ROS responsiveness was recognized for PTT 

and PDT. The semiconducting polymer NP core of OSPS is linked to 

an immunostimulant via an oxygen-cleavable linker and produces heat 

and oxygen in addition to photons under the influence of NIR, which 

it uses to manufacture TAAs and perform combined phototherapy. In 

a mouse xenograft model, the OSPS-mediated phototherapy results in 

an inhibition of the proliferation of both initial/remote tumours and 

lung metastasis due to the released TAAs and activated 

immunostimulants, which together create a collective antitumor 

immune reaction. So, OSPS combines phototherapy with remotely 

administered immune checkpoint barrier therapy to attain increased 

therapeutic effectiveness in reducing the growth of primary and distant 

tumours as well as lung metastatic cancer. 

Figure 2: Strategy used for Photodynamic Therapy 

 

Phototherapy and other therapeutic modalities causing 

Immunotherapy  
To create supramolecular assemblies of DTX to create 

nanoparticles (NPs) with excellent drug encapsulation a NIR dye 

IR820 as the carrier was developed. To cause self-inter-weaving of the 

elevated drug-encumbering NPs in tumours, a predesigned peptide 

called CF27 (27 amino acid units) was added. These NPs exhibit good 

immunotherapy that is PTT/chemotherapy enhanced [10]. 

Gold Nano shell  
The urethra and neurovascular bundle are two important 

structures that are close to the prostate, and prostate cancer treatments 

that target the whole gland may interfere with normal bowel, urine, and 

sexual function. So malignant tumours in the prostate may be 

eliminated using ultra focal photothermal ablation.[11,12] An elevated 

localised light-dependant technique for the treatment of prostatic 

intraepithelial neoplasia is offered by gold-silica nanoparticles, with 

significantly lower chances for harmful treatment-related side effects. 

These particles are made to assimilate near-infrared light at 

wavelengths with elevated tissue translucence. The research shows that 

GSN-directed laser agitation and removal is a sound and practically 

viable approach for the intended removal of prostate tumours [13,14]. 
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Gold Nanorods  

Tiny gold nanoparticles have been seen to be extremely toxic 

to HepG2 cells. Following the incubation with Cu-doped AuNRs (50 

nM), which was subjected to a 300-W ultrasonic pulse, the HepG2 

cells' cellular viability almost completely decreased. All the research 

points to a brand-new technique for adjusting the mechanical 

characteristics of AuNRs and for causing their cytotoxicity, which is 

very helpful for the in-vitro treatment of tumour cells [15]. The 

mechanical steadiness of the Cu-doped AuNRs was significantly 

lessened. Some of them were converted into tiny AuNPs, whereas 

undoped AuNRs were stable counter to high-powered ultrasonic 

waves. The HepG2 and L02 cells were extremely susceptible to the 

generated AuNPs' cytotoxicity. Cu-doped AuNRs could be converted 

inside of cells into tiny AuNPs, which resulted in cells' limited 

survivability. Since high-power ultrasonic waves only cause minor cell 

damage, Cu-doped AuNRs combined with high-power ultrasonic wave 

treatment can be used to eradicate carcinoma cells if the AuNRs are 

embellished with specific targeting proteins [16]. This observation 

creates a novel pathway for advancement of Cu-doped AuNRs as a 

medicinal means for managing cancers [17,18]. 

Plasmonic Nanobubbles  
A plasmonic nanobubble is an NP-generated event (PNB). 

Figure 3: Generation of Plasmonic Nanobubbles [19,20] 

 

Because a plasmonic NP serves as the source and controls 

the bubble's energy and location, it can be said to be a plasmonic 

nanobubble. PNB minimises the risk of thermal damage by thermally 

insulating the outside environment from heated NP's high temperature 

[21]. To assess PNBs for surface targets like malignancies, a cell 

monolayer form was initially investigated. Epidermal growth factor 

receptor (EGFR)-positive lung cancer cells (A549) and EGFR-

negative normal cells, fibroblasts, were used to create monolayers of 

live cells that modelled a surface tumour. 60 nm gold spheres that were 

linked to the anti-EGFR antibody C225 were used for targeting. At the 

equal stage of laser fluidity and following the same treatment with gold 

NP conjugates, it was discovered that the PNBs found in carcinoma 

cells were roughly fourfold larger than those in non-carcinoma cells. 

Under the same circumstances, undamaged cells showed no (or only a 

few minor) PNBs. Every cell in the layer got a solitary laser pulse 

during this scanning mode. Cellular damage was caused by PNBs with 

lifetimes greater than 110 ns. Cell elimination was noticed in the 

scanned area during a single scan. The PNB method of cell elimination 

was significantly selective and simultaneously exhibited micrometre 

accuracy of cell removal [22,23].  

Plasmonic vesicles of Amphiphilic Nanocrystals  
A novel variety of multifaceted hybrid vesicles made by 

assembling amphiphilic plasmonic nanostructures are used for cancer 

treatment. The hydrophobic sheath and aqueous pit of the vesicles 

impart frameworks for encumbering medicaments with distinct 

physiochemical features (i.e., antitumour medicines and 

photosensitizers), which, in combination with photothermal therapy of 

the vesicles, provide strategies for composite tumour therapy.[24,25] The 

PEG grafts' ability to specifically bind to SKBR-3 mammary gland 

tumour cells with HER protein upregulation was made possible by the 

addition of a HER2 antibody at the termination of the grafts. As a 

generic, objective way to track the delivery of payload inside cells, the 

corresponding modifications in optical signals, like blue shifts of 

dispersed light and decline in SERS potency, were used [26]. 

Anti-Cancer Nanodrugs Activating Sers Tracking  
The quantity along with the position of anti-malignancy 

nanomedicines amassed in tumour cells is directly correlated with the 

therapeutic effect of phototherapy, and receptor-mediated endocytosis 

ought to be a strong contender for promoting anti-tumour nano drug 

internalisation. Due to the great selectivity, sensitivity, and 

dependability of Surface Enhanced Raman Spectroscopy (SERS) 

imaging, nanodrugs can be tracked using this method. The 

protoporphyrin IX (PpIX), 4-mecaptobenzoic acid, and folic acid-

modified gold nanorods (GNRs) are used to create receptor-facilitated 

PTT/PDT collective anti-tumour nano drugs (FA). The data obtained 

demonstrate that receptor-mediated endocytosis can significantly 

enhance the internalised quantity and intracellular dispersion of 

nanomedicines, leading to an improvement in anti-tumour efficiency. 

Importantly, receptor-facilitated PTT/PDT cumulative treatment with 

SERS tracking activity will offer a quick and efficient method for 

developing anticancer phototherapy nanodrugs [27]. By adjusting the 

photosensitizer PpIX, the Raman reporter MBA, and mediating 

chemical FA to the GNRs surface and assessing the respective 

efficiency by SERS tracking activity, the PpIX-GNR-MBA-FA FA 

receptor-facilitated PTT/PDT cumulative anti-tumour nanodrug is 

created. By facilitating the amount of internalisation and homogenous 
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intracellular distribution of the nanodrugs, FA receptor-mediated 

method can significantly improve the efficiency of phototherapy [28]. 

Semiconducting Anti-monene  
Due to its distinctive optical and electrical characteristics, 

anti-monene has swiftly garnered appeal as a new 2D material since its 

discovery in 2015. Its exceptional semiconducting characteristics, 

inclusive of tuneable bandgap, elevated carrier movability, minimal 

thermal conduction, and excellent optical influence, have been 

confirmed by theoretical and experimental studies. These features are 

unquestionably promising for real-world applications in a variety of 

fields. Particularly, the interactivity of semiconducting anti-monene 

with photons offers tremendous prospects for nanophotonic 

approaches, and an increasing quantity of correlated investigations 

have been made public in current years. A potential material for PTT 

against cancer has recently emerged: 2D semiconducting anti-monene. 

It exhibits significant NIR light absorption as well as increased PTCE. 

A controllable liquid peeling technique is used to create polyethene 

glycol (PEG)-coated AMQDs with dramatically improved steadiness 

and biocompatibility in biological media. PEG-coated AMQDs have 

shown the considerable ability of NIR-induced tumour ablation during 

in vivo therapeutic evaluation by attaining large temperature rises 

throughout the irradiation duration [29]. Anti-monene's improved PTCE 

can be attributed to its special thermal characteristics, which include 

low intrinsic thermal conductibility and elevated interfacial heat 

conductibility [30].  Anti-monene has been considered a fascinating 

nanoplatforms for numerous cancer phototherapy applications due to 

its remarkable photothermal efficacy and photoacoustic performance. 

Membrane-camouflaged anti-monene nanoparticles (CmNPs) created 

using a two-pronged strategy of dimension amendment and size 

management, had a photoacoustic signal three-fourfold elevated than 

that of uncovered anti-monene nanoparticles, suggesting enhanced 

tumour aiming capability with an augmented steadiness. The 

photoacoustic/photothermal multimodal imaging-guided PDT/PTT 

cumulative anti-tumour therapy was successfully administered after 

intravenous injection of the CmNPs with no adverse effects to report. 

A new platform for photonic drug delivery created emanated from 2D 

PEGylated anti-monene demonstrated faster photoelectron generation 

and valence change to poisonous Sb2O3 upon X-ray exposure, which 

successfully increased the production of reactive oxygen species 

(ROS) by a considerably quick radio catalytic procedure. When PAI 

was added, the ROS that was created reduced the activity of 

VEGF/VEGFR2 and elevated oxygen levels, which led to DNA 

damage and efficient tumour regression [31]. 

 

Nanophotonic Hyperthermia  

Silicene nano-sheets in two dimensions (SNSs) were used to 

treat breast cancer (BC) with remarkable photothermal-ablation 

efficacy. Photo-thermia increased cell death in BC by triggering 

caspase 3 and caspase 7. KDM3A knockdown epigenetically made BC 

more susceptible to photo-thermia. KDM3A can downregulate pro-

apoptotic proteins PUMA and NOXA, which are confirmed by Co-IP 

and ChIP-qPCR tests, as well as delete p53K372me1 and decrease 

p53's anti-cancer effects [32(p53),33(p382)].  

Figure 5: Strategy followed in nanophotonic hypothermia therapy 

 

The surface of highly distributed, ultrathin SNSs was then 

changed using BSA for enhanced bioabsorbable, elevated 

physiological sturdiness, and extended circulation duration in-vivo. No 

discernible hemolysis was brought on by SNSs-BSA, demonstrating 

their strong hemocompatibility. By using an 808 nm laser with a higher 

power density, more cells were destroyed, according to the CCK-8 

assay. After being dealt with SNSs-BSA and NIR, almost all the BC 

cells were destroyed. SNSs-distinctive BSA's photothermal property 

in-vitro demonstrated that it is a promising photothermal agent. When 

subjected to photothermal excision, the percent of cell death in the 

KDM3A-KD MCF7 cells was around 93% contrasted with 

approximately 40% in the parental MCF7 cells. In BC cells subjected 

to photothermal ablation, KDM3A knockdown facilitated caspase 3 

and caspase 7 activation.  

An infrared thermal (IR) camera was employed to track 

temperature alteration on the tumour's surface throughout laser 

exposure. The tumour surface temperature in mice given SNSs-BSA 

quickly increased to around 47°C when exposed to laser radiation. 

PBS-injected animals, on the other hand, only saw a 37°C increase in 

tumour surface temperature as a result of the same treatment. 
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Alongside the highest variance in the KD + PTT assemblage, both the 

size and weight of tumours were remarkably reduced in the PTT group 

and KD + PTT assemblage contrasted with control group, strongly 

indicating that MCF7 cells with KDM3A deficit were better responsive 

to photothermal treatment in-vivo [34]. 

Nanogap Antennas  
Numerous tumours are now often treated by using the 

cyclical RGD (cRGD) peptide ligands of cells [35,36]. In an aqueous 

environment, single dimer nanogap antennas were used in a 

tremendously sensitised investigation of c(RGDfC) utilising surface-

enhanced Raman spectroscopy (SERS). The distinctive apices of 

SERS and Raman spectra of bulk c(RGDfC) and the components of its 

peptide showed good agreement. Observed blinking and the 

synchronisation of intensity fluctuations of the SERS spectra imply 

that the singular to few molecule spectra predominated in the SERS 

spectra obtained from lone dimer nanogap antennas. Nanoscale 

binding of transmembrane proteins with their ligand by cells might be 

detected using the SERS spectra of c(RGDfC) [37]. 

Inorganic Nanophotonic Materials  
As PTT agents in in-vivo tumour therapy, numerous 

inorganics including CuS(nanodots) [38,39], nanoparticles based on 

bismuth(nanosheets) [40], and MoS(nanoflakes) [41] have been used. 

Comparing hollow gold nanospheres to hollow PEG-modified CuS 

nanoparticles for their degradability and toxicity (PEG-HAuNS). PEG-

HCuSNPs demonstrated improved biodeterioration as PTT agents, 

which could be removed across both hepatobiliary and renal 

elimination inside a single month of the injection, even though gold 

nanoparticles are the maximum effective PTT agents [42]. For 

photothermal cancer therapy, PEGylated hybrid nanoflakes (MoS2-

PPEG) [41] are created by conjugating PEG to the poly (acrylic acid) 

modified MoS [43]. 

Intraoperative Biophotonic Imaging Systems  
Bio-photonic imaging has transformed the operating room 

by enabling surgeons to diagnose cancers more effectively with 

intraoperative image guidance using real-time image navigation, to 

remove cancers. As one of the various medical imaging modalities, 

near-infrared (NIR) light pierces rather intensely within biological 

cells and tissues, making it excellent for image-guided surgery. 

Nuclear imaging, on the other hand, offers quantitative and limitless 

depth information. Mammary gland carcinoma [44], head and neck 

cancer [45], hypopharyngeal cancer [46], mouth carcinoma [47], 

gastrointestinal cancer [48], paraaortic SLN (Sentinel lymph node) [49] 

and germ-cell tumour of testicles [50] have all been detected using 

intraoperative gamma cameras. Instead of relying solely on acoustic 

gamma probes [51] the freehand SPECT (Single-Photon Emission 

Computerized Tomography) have improved surgical outcomes in a 

variety of cancer operations [52]. To produce a high-quality image, 

though, the operator must be skilled [53]. 

CONCLUSIONS  
Over the past decades, nano photonics, has received rapidly 

growing interest and become an active research field. The integration 

of benefits of targeted malignant cell destruction and various 

advantages of moderate thermal treatment in tumour 

microenvironment, inclusive of radio sensitization of anoxic areas, 

improved drug transport, triggering of temperature-reactive agents, 

and immune system stimulation is possible. Majority of the articles in 

this review focus on cancer as their primary objective. Standard 

procedures frequently fail because of how aggressive and resilient 

cancer cells are. The novel methods covered here can be thought of as 

adjuvant therapy in this situation, which will help patients live longer 

and have a better quality of life while also reducing the length and 

stress of their medical care. 
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