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Advances in miniaturization technology enable all-in-one 
optics integration on a chip or a sensing device replacing 

various functions of an optical microscope system. For example, 
a grating waveguide integrated on a chip can generate similar 
evanescence wave excitation for single-molecule detection like 
conventional total internal reflection fluorescence microscopy 
(TIRFM). In addition, super-resolution microscopy could be 
also achieved by creating a chessboard pattern illumination 
using an orthogonal sub-micro polarizer array embedded 
under a nanowell array accompany by a switchable polarized 
excitation light to overcome the diffraction barrier and 
achieve a theoretical √2- or √3-fold resolution improvement 
via two imaging capture rather than conventional structure 
illumination microscopy (SIM) via multiple imaging and 
complex deconvolution process. This optics integrated 
biochip could be used for practical nanoarray analysis, such 
as next-generation sequencing (NGS), to either enlarge the 
field of view to accelerate the scanning speed of a whole chip 
or increase the reaction density for multiple throughputs.
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Limited therapeutic gain with neoadjuvant chemotherapy 
of locally advanced inoperable cancers can be improved 

with concomitant use of chemoradiotherapy owing to their 
spatial cooperation and synergistic cytotoxicity. However, 
poor circulation half-life, limited passive bioavailability 
and dose-limiting systemic toxicities of clinically approved 
radiosensitizers significantly affect the treatment efficacy 
and patient’s quality of life. Incorporation of clinical 
radiosensitizers into smart nanomedicine can overcome 
these limitations; however location of the malignant niche 
is imperative to their rational designing. To target deep-
seated malignancies like triple negative breast cancer 
(TNBC) or metastatic niches, we designed an ultrasound and 
tumor microenvironment responsive ‘stealth’ theranostic 
nano-conjugate platform for contrast enhanced imaging 
and on-demand spatiotemporal delivery of combinatorial 
radiosensitizers i.e. curcumin and paclitaxel post systemic 
administration. Developed strategy imparted site-specific 
focussed ultrasound mediated infiltration of nano-conjugates 
at the orthotopic TNBC xenograft in NOD-SCID mice 
followed by low pH and hyperthermia dependent release of 
drugs at the tumor interstitium to ameliorate fractionated 
radiotherapy with improved survival in comparison to 
commercial paclitaxel formulation and radiotherapy alone. 
In contrast, locally accessible mucosal malignancies (head 
and neck cancer, cervical, vulval and anal cancer) requiring 
concurrent chemoradiotherapy as definitive treatment can 
be managed more efficiently through a rationally designed 
regional delivery platform. Thus, we developed a dual 
radiosensitizing nanocarrier-in-hydrogel as a drug eluting 
local depot for enhanced and prolonged bioaccumulation 
of drugs at the tumor with minimal systemic absorption. It 
helped improve the in vivo chemoradiotherapeutic efficacy 
and safety of synergistic radiosensitizers (cisplatin and 
paclitaxel) approved for clinical chemoradiotherapy of head 

and neck cancers. Conclusively, our findings suggest the 
clinical potential of the malignant niche-specific platforms 
for the rational management of radio-responsive cancers in 
neoadjuvant settings. 
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