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(57) ABSTRACT 
Methods, structures, devices and systems are disclosed for 
implementing a photothermal therapy using nanostructures. 
In one aspect, a device to produce a photothermal effect 
includes a particle having a molecular layer functionalized 
onto the external surface of the particle and structured to 
attach to one or more targeting molecules capable of binding 
to a receptor site of a cell, in which the particle is configured 
to absorb light energy at a particular wavelength to produce a 
plasmon resonance effect that causes the particle to emitheat 
energy. In some implementations, the device is deployed in an 
organism having a tumor that includes a plurality of the cell 
and binds to the receptor site of the tumor by the targeting 
molecules, in which the light energy is emitted at a region of 
the organism that contains the tumor and the heat energy 
causes cellular death of the tumor cell. 
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PHOTOTHERMAL, NANOSTRUCTURES IN 
TUMIOR THERAPY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This patent document claims the priority of U.S. 
Provisional Application No. 61/617,019 entitled “PHOTO 
THERMAL, NANOSTRUCTURES IN TUMOR 
THERAPY filed on Mar. 28, 2012, the entire disclosure of 
which is incorporated herein by reference for all purposes. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002 This invention was made with government support 
under grant EPS-0814103 awarded by the National Science 
Foundation (NSF) and grant 1R21DE019232-01A2 awarded 
by the National Institutes of Health (NIH). The government 
has certain rights in the invention. 

TECHNICAL FIELD 

0003. This patent document relates to systems, devices, 
and processes that use nanoscale technologies. 

BACKGROUND 

0004 Nanotechnology provides techniques or processes 
for fabricating structures, devices, and systems with features 
at a molecular or atomic scale, e.g., structures in a range of 
one to hundreds of nanometers in Some applications. For 
example, nano-scale devices can be configured to sizes simi 
lar to Some large molecules, e.g., biomolecules such as 
enzymes. Nano-sized materials used to create a nanostruc 
ture, nanodevice, or a nanoSystem that can exhibit various 
unique properties, e.g., including optical properties, that are 
not present in the same materials at larger dimensions and 
Such unique properties can be exploited for a wide range of 
applications. 

SUMMARY 

0005 Techniques, systems, devices, and materials are 
described for fabricating and implementing photothermal 
nanostructures in targeted tumor therapy. 
0006. In one aspect of the disclosed technology, a device 
for producing a photothermal effect includes a particle having 
a molecular layer functionalized onto the external surface of 
the particle and structured to attach to at least one targeting 
molecule capable of binding to a receptor site of a cell, in 
which the particle is configured to absorb light energy at a 
particular wavelength to produce a plasmon resonance effect 
that causes the particle to emit heat energy. 
0007 Implementations of the device can optionally 
include one or more of the following features. For example, 
the at least one targeting molecule of the device can be a 
tumor-targeting antibody, e.g., including an anti-epidermal 
growth factor receptor antibody. The device can be deployed 
in an organism having a tumor that includes a plurality of the 
cell and binds to the receptor site of the tumor by the targeting 
molecule, in which the light energy is emitted at a region of 
the organism that contains the tumor, and in which the heat 
energy causes cellular death of the tumor cell. For example, 
the particles can be deployed in the organism by direct injec 
tion into the tumor. In some implementations, the particle of 
the device can include a length dimension in the nanometer 
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range. In some implementations, the particle of the device can 
be configured from a material that includes, but is not limited 
to, gold, silver, iron, carbon, or silicon. In some implementa 
tions, the particle of the device can be configured as a rod, 
sphere, cone, cage, cube, tube, or other geometry. In some 
implementations, the particle of the device can include an 
aspect ratio of 4:1. For example, the particular wavelength of 
the light energy can be in a near infrared range to produce the 
plasmon resonance effect. In some implementations, the 
molecular layer of the device can include polyethylene glycol 
(PEG). In some implementations, the at least one targeting 
molecule can be structured to attach a fluorophore. 
0008. In another aspect of the disclosed technology, a 
method to perform predictive calculations of a photothermal 
therapy includes determining at least one characteristic of a 
tissue in an organism, the characteristic of the tissue including 
a diameter, Volume, shape, or depth beneath the outer Surface 
of the organism; determining parameters of nanoparticles 
including a cross-section absorption value corresponding to a 
light energy absorption wavelength and at least one of shape, 
size, material, and aspect ratio, in which the nanoparticles are 
configured to attach to the tissue and undergo a plasmon 
resonance effect induced by light energy at the light energy 
absorption wavelength to emit heat energy; determining a 
temperature to induce within the tissue; and determining out 
put parameters of a laser to emit light at wavelengths includ 
ing the light energy absorption wavelength based at least in 
part upon the determined temperature and the determined 
parameters. 
0009 Implementations of the method can optionally 
include one or more of the following features. In some imple 
mentations, the method further includes determining a con 
centration of nanoparticles to deploy by direct injection into 
the tissue. In some implementations, the method further 
includes calculating output power of the laser based at least in 
part upon one of heat dissipation and conductivity values 
within the tissue or shape factor values of the tissue and/or 
determining time of exposure of the laser. For example, as 
part of the method, the light can be emitted at a region of the 
organism that contains the tissue and the attached nanopar 
ticles, e.g., the tissue being a tumor. For example, as part of 
the method, the heat energy can cause cellular death of a 
plurality of cells of the tumor. 
0010. In another aspect, a method for producing photo 
thermal nanorods includes fabricating nanorod structures, the 
nanorod structures configured to absorb light energy at a 
particular wavelength to produce a plasmon resonance effect 
that causes the particle to emit heat energy, coating the nano 
rod structures with a biocompatible molecular layer, and con 
jugating the biocompatible molecular layer-coated nanorod 
Structures with a targeting ligand and an imaging agent to 
form functionalized photothermal nanorods, the conjugating 
including: determining a molar ratio of a cross-linking agent 
to the targeting ligand, adding the targeting ligand at a par 
ticular amount to a linker Solution containing the cross-link 
ing agent to form a ligand cross-linker Solution, the linker 
Solution having a particular concentration of the cross-linking 
agent to comply with the determined molar ratio, adding the 
imaging agentata particular amount to the ligand cross-linker 
Solution to form an imager ligand cross-linker Solution, and 
reacting the biocompatible molecular layer-coated nanorod 
structures with the imager ligand cross-linker Solution. 
0011. In another aspect, a photothermal nanostructure 
device includes a structure formed of a rod, sphere, cone, 
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cage, cube, or tube having at least one dimension within the 
nanometer scale, the structure configured to absorb light 
energy at a particular wavelength to produce a plasmon reso 
nance effect that causes the particle to emit heat energy, a 
biocompatible molecular layer formed on at least some of the 
exterior of the structure, and a molecular probe attached to the 
biocompatible molecular layer, the molecular probe includ 
ing a targeting ligand conjugated to an imaging agent, the 
targeting ligand capable of binding to a receptor site of a cell, 
in which the molecular probe is formed by determining a 
molar ratio of a cross-linking agent to the targeting ligand, 
adding the targeting ligand at a particular amount to a linker 
Solution containing the cross-linking agent to form a ligand 
cross-linker Solution, the linker Solution having a particular 
concentration of the cross-linking agent to comply with the 
determined molar ratio, and adding the imaging agent at a 
particular amount to the ligand cross-linker Solution to form 
an molecular probe in Solution. 
0012. In another aspect, a method to administer a photo 
thermal therapy by direct injection of nanoparticles into a 
tissue includes injecting a photothermal nanoparticle device 
directly into a tumor in an organism, the photothermal nano 
particle device including a nanostructure having a molecular 
layer functionalized onto an external Surface of the nanostruc 
ture, the nanostructure configured to absorb light energy at a 
particular wavelength to produce a plasmon resonance effect 
that causes the nanostructure to emit heat energy, and emit 
ting the light energy at a region of the organism that contains 
the tumor, in which the heat energy causes cellular death of 
cells of the tumor. 

0013. In another aspect, a method to administer a photo 
thermal therapy by direct injection of nanoparticles into a 
tissue includes injecting a photothermal nanoparticle device 
directly into a tumor in an organism, the nanostructure con 
figured to absorb light energy at a particular wavelength to 
produce a plasmon resonance effect that causes the nano 
structure to emit heatenergy, and emitting the light energy at 
a region of the organism that contains the tumor, in which the 
heat energy causes cellular death of cells of the tumor. 
0014. The disclosed technology can be implemented to 
provide a near infrared (NIR) photothermal therapy as a local 
ized, minimally invasive tumor regression therapy utilizing 
functionalized nanoparticles as a physical contrast agent and 
therapeutic agent. The Subject matter described in this patent 
document can be implemented in specific ways that provide 
one or more of the following features. For example, an exem 
plary NIR laser irradiation, transparent to normal tissue, can 
be configured to overlap with plasmon resonance absorption 
of exemplary nanostructures, e.g., gold nanoparticles 
(AuNPs). The exemplary AuNPs can convert the absorbed 
NIR light energy into thermal energy and cause localized 
destruction of Surrounding tissue. For example, techniques 
are disclosed for conjugating exemplary nanostructures to 
tumor-targeting ligands, e.g., including AuNPs conjugated to 
tumor-specific antibodies that can improve the targeting effi 
ciency of AuNPs to malignant tumors. For example, targeting 
antibodies conjugated to the polyethylene glycol coated (PE 
Gylated) gold nanorods (AuNRs) are disclosed. In some 
examples, the disclosed technology can be implemented in 
cancer types that over-express the epidermal growth factor 
receptor (EGFR). For example, exemplary implementations 
of the disclosed technology were demonstrated that included 
the anti-EGFR antibody labeled with a NIR fluorescent dye 
and conjugated to PEGylated AuNRs (dye-antibody-AuNR). 
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Exemplary advantages of the disclosed technology include in 
Vivo feasibility of a minimally invasive modality, e.g., which 
combines active targeting, fluorescent imaging, and NIR pho 
tothermal treatment of malignant tumors for a variety of 
cancer types, e.g., including, but not limited to, colorectal, 
ovarian, cervical, breast, pancreatic, bladder, skin and pros 
tate CancerS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 shows an illustrative schematic of an exem 
plary nanorod functionalization protocol. 
0016 FIGS. 2A-2C show transmission electron micros 
copy (TEM) images of exemplary functionalized nanorods. 
0017 FIG. 3 shows exemplary data plot of an antibody 
binding assay. 
0018 FIGS. 4A and 4B show exemplary data plots dem 
onstrating antibody binding ability and therapeutic ability of 
exemplary functionalized nanorods. 
0019 FIG. 5 shows an exemplary data plot of a cell viabil 
ity assay. 
0020 FIG. 6 shows TEM images of exemplary function 
alized nanorods with varying crosslinker-antibody molar 
ratios. 

(0021 FIGS. 7A and 7B show exemplary data plots of 
functionalized nanorods with varying crosslinker-antibody 
molar ratios. 

0022 FIG. 8 shows a TEM image of exemplary function 
alized nanorods conjugated to targeting ligand labeled with a 
fluorescent dye. 
0023 FIG.9 shows an exemplary data plot of the percent 
age of cell death after treatment using the disclosed photo 
thermal nanostructure therapy in vitro. 
(0024 FIGS. 10A-10C show exemplary data of fluores 
cence function of the antibody before and after conjugation to 
gold nanorods. 
(0025 FIGS. 11A-11G show exemplary data of active tar 
geting, fluorescence imaging and near infrared photothermal 
therapy of malignant tumors. 
0026 FIGS. 12A-12C show exemplary schematic illustra 
tions of an exemplary injection and laser irradiation method. 
0027 FIG. 13 shows an exemplary data plot of tumor 
regression comparing treatment techniques. 
0028 FIG. 14 shows histology images of representative 
tumors resected comparing exemplary treatment groups. 
0029 FIG. 15 shows exemplary photographic images of a 
tumor treated with an exemplary photothermal nanostructure 
therapy. 
0030 FIGS. 16A and 16B show histology images of a 
tumor directly injected with exemplary functionalized nano 
rods with laser treatment. 

0031 FIG. 17 shows histology images of a tumor. 
0032 FIG. 18A shows an exemplary protocol for photo 
thermal therapy based on the predictive calculations of the 
disclosed technology. 
0033 FIG. 18B shows an exemplary process to determine 
the nanoparticle parameters for photothermal therapy. 
0034 FIG. 19 shows an exemplary tumor model used in 
the exemplary predictive calculations model for photother 
mal therapy. 
0035 FIG. 20 shows a schematic diagram of an exemplary 
instrument to administer a photothermal therapy treatment. 



US 2013/0261444 A1 

DETAILED DESCRIPTION 

0036 Techniques, systems, devices, and materials are 
described for fabricating and implementing photothermal 
nanostructures in targeted tumor therapy. 
0037 Active tumor targeting and subsequent tumor 
regression present challenges for cancertherapy. The medical 
and Scientific communities have made significant advances to 
improve treatment options, yet cancer is still one of the lead 
ing causes of death globally. In cancer treatments, it is desir 
able to actively target and selectively treat only the malignant 
cells while leaving normal cells unharmed. Improvements to 
the existing standard of care are needed to combine early 
detection with targeted, selective, and repeatable treatment 
for loco-regional, recurring, and inoperable tumors. 
0038. In some aspects of the disclosed technology, a pho 
tothermal therapy (PTT) based on optical radiation in a suit 
able spectral range, e.g., the near infrared (NIR) range, can be 
implemented as a localized, minimally invasive therapy ulti 
lizing nanoparticles as a physical contrast agent and thera 
peutic agent. For example, the disclosed PTT techniques can 
utilize a physical contrast agent in an exemplary form of gold 
nanoparticles (AuNPs) having plasmon resonance in the NIR 
spectral range where normal tissue is transparent. The AuNPs 
convert the absorbed NIR light energy into thermal energy 
enabling cell death. 
0039. The therapeutic efficacy of the combination of 
AuNPs and NIR light has been demonstrated with nano 
spheres and nanorods in vitro and using the enhanced perme 
ability and retention effect (EPR), dendrimers, and nanocar 
riers for passive and active tumor delivery in vivo. For 
example, conventional PTT techniques include limitations 
that exist in part because of a lack of effective protocols for 
systemic delivery of nanoparticles to tumors, a lack of quan 
titative approach for effective PTT with the use of direct 
injection of nanoparticles, compromised in Vivo imaging 
capabilities, and a lack of a multifunctional system to target, 
image, and treat tumors. 
0040. The disclosed technology can be implemented to 
provide systems, devices, materials, and techniques that over 
come various limitations of photothermal therapies, for 
example, by producing multifunctional conjugates (e.g., 
functionalized nanoparticles) for selective targeting, imag 
ing, and laser-based (e.g., NIR) photothermal therapy. A 
quantitative approach can be used to achieve effective PTT by 
using direct injection of pre-calculated concentrations of 
nanoparticles and directing laser power to the injected nano 
particles. The disclosed multifunctional system can be imple 
mented to achieve the advantage of imaging of fluorescently 
labeled targeting ligands (e.g., tumor specific antibodies) 
conjugated to nanoparticles and photothermal-initiated 
necrosis of malignant cells due to localized heating of nano 
particles by continuous wave laser irradiation. 
0041. For example, the disclosed technology includes 
durable functionalization techniques that protect the conju 
gate bonds from being broken by the physiological conditions 
of the body, reduces non-specific binding, ensures active 
delivery of the nanoparticles to the malignant tumor site, and 
increases the efficacy of the NIR laser treatment. In this 
regard, an exemplary functionalization technique can include 
conjugating targeting antibodies to PEGylated AuNRs. For 
example, another exemplary functionalization technique can 
include attaching fluorescent label molecules to the function 
alized AuNRS, e.g., conjugating fluorescent dyes to the 
tumor-targeted antibodies of the PEGylated AuNRs. For 
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example, while gold nanoparticles in PTT served the dual role 
of therapeutic and contrast agents in vitro, their imaging 
capabilities in vivo can be limited. Therefore, by using fluo 
rescently labeled tumor-targeted antibodies, imaging of 
tumors in real time can be dramatically improved. Excitation 
of the fluorescent IRDye can create a visual contrast between 
tumor and the Surrounding non-tumor tissue. For example, 
after conjugation to gold nanorods (dye-antibody-nanorod), 
the fluorescently labeled tumor-targeted antibody (dye-anti 
body) functionalized AuNRs can actively be locally delivered 
to tumors and enabled real time imaging. Disclosed are exem 
plary dye-antibody-nanorod conjugates, delivered to tumors, 
and followed by treatment with NIR light, to reduce tumor 
cell viability in vitro and in vivo. 
0042. The exemplary targeting techniques can deliver 
functionalized nanostructures to target tumor cells and avoid 
uptake by non-target cells, tissues, and systems, e.g., Such as 
the reticuloendothelial system in the liver, spleen, and kidney, 
which can otherwise prevent up to 90% of injected nanopar 
ticles from reaching the tumor. The disclosed technology 
includes techniques and systems that optimize intravenous 
nanoparticle delivery to the tumor. In other examples, photo 
thermal nanoparticles can be delivered to the target tumor by 
circumventing the targeted systemic delivery of the photo 
thermal nanoparticles and directly injecting photothermal 
nanoparticles into the tumor. For example, disclosed are 
results of exemplary implementations showing tumor reduc 
tion effects from an exemplary combination of one-time 
10-minute NIR laser treatment and an intratumoral injection 
of gold nanorods. In other examples, disclosed are results of 
other variations of intratumoral injections of nanorods as well 
as active tumor targeting, fluorescence imaging, and near 
infrared photothermal therapy. These disclosed techniques 
can be implemented for combining early detection with tar 
geted, selective, and repeatable treatment for a variety of 
squamous cell carcinomas that over-express the epidermal 
growth factor receptor (EGFR) including, for example, but 
not limited to, head and neck, lung, colorectal, ovarian, cer 
Vical, breast, bladder, pancreatic, and prostate cancers. 
0043. Examples of the disclosed techniques are described 
for conjugating gold nanoparticles to tumor-specific antibod 
ies, e.g., including fabrication of polyethylene glycol coated 
(PEGylated) gold nanorods (GNRs) and conjugation of the 
PEGylated GNRs to an anti-EGFR antibody. Exemplary 
characterizations of the conjugation efficiency of the GNRs 
are disclosed, e.g., by comparing the efficiency of antibody 
binding and the photothermal effect of the GNRs before and 
after conjugation. Exemplary implementations of near infra 
red photothermal therapy (NIRPTT) using the exemplary 
anti-EGFR antibody-PEGylated GNRs were performed. 
Exemplary characterizations of the efficacy ofNIRPTT using 
the functionalized nanostructures of the disclosed technology 
are disclosed, e.g., by comparing NIRPTT with GNRs alone 
and NIRPTT using anti-EGFR antibody-PEGylated GNRs. 
0044) For example, a durable conjugation process is 
needed to protect the conjugation from the physiological 
conditions of the body, reduce non-specific binding, ensure 
active delivery of the nanoparticles to the malignant tumor 
site and increase the efficacy of the NIR laser treatment. 
Incorporating the disclosed methods of active targeting can 
improve the impact of PTT, e.g., making it a viable approach 
for a variety of carcinomas that over-express particular bio 
molecules, such as the epidermal growth factor in head and 
neck, colorectal, ovarian, skin, cervical, breast, bladder, pan 
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creatic, and prostate cancers. Described are techniques to 
produce nanostructures capable of active targeting of tumors, 
e.g., AuNPs-to-antibody conjugation using covalent bonds to 
ensure specific delivery to the tumor. 
0045 Exemplary materials and methods are described. 
For example, Cetuximab (ImClone Systems, New York, 
N.Y.), a recombinant human/mouse chimeric monoclonal 
IgG antibody, was used in exemplary implementations. This 
monoclonal antibody binds specifically to the extracellular 
domain of the human EGFR which is over-expressed in head 
and neck cancers. Cetuximab is composed of the Fc regions 
of a murine anti-EGFR antibody and human immunoglobulin 
IgG1 heavy and kappa light chain constant regions and has an 
approximate molecular weight of 152 kDa. Cetuximab is 
Supplied as a 2 mg/mL Solution containing Sodium chloride, 
Sodium phosphate dibasic heptahydrate, sodium phosphate 
monobasic monohydrate, in water and has a pH ranging from 
7.0 to 7.4. 
0046 For example, Long Chain Succinimidyl 6-(3-2-py 
ridyldithio-propionamido) hexanoate (LC-SPDP), 
MW-425.52 g/mol, Spacer Arm Length=15.6 Angstroms 
(Thermo Scientific, Rockford, Ill.), was employed to biocon 
jugate Cetuximab to gold nanorods. LC-SPDP is a heterobi 
functional, thiol-cleavable and membrane permeable 
crosslinker. LC-SPDP contains an amine-reactive N-hydrox 
y succinimide (NHS) ester that will react with lysine residues 
to form a stable amide bond on the surface of the antibody. 
The other end of the spacer arm is terminated in the pyridyl 
disulfide group that will react with sulfhydryls to form a 
reversible disulfide bond that reacts with thiol PEGylated 
gold nanorods. 
0047 Exemplary gold nanorods were fabricated based on 
procedures as described here. Stock Solutions Preparation: 
30 mL of HPLC grade water was placed on ice. While the 
temperature of the water was cooling to 0 degrees, the other 
solutions were prepared: 1 mM Gold(III) chloride trihydrate, 
(HAuCl4.3H2O) (Sigma-Aldrich, St. Louis, Mo.), 200 mM 
cetyltrimethylammonium bromide (CTAB) (Sigma-Aldrich, 
St. Louis, Mo.), 78.8 mM Ascorbic acid, and 32 mM AgNO 
(Sigma-Aldrich, St. Louis, Mo.). A hot-water bath, less than 
50° C., was used to dissolve CTAB. Ice-cold water was rap 
idly added to the NaBH and the solution was returned to ice 
since NaBH solution is unstable and rapidly decomposes at 
room temperature. Seeds Solution Preparation: 2.5 mL of 1 
mM of HAuCl3HO: 5 mL 200 mM CTAB; and 0.6 mL 
ice-cold 10 mM NaBH, were mixed and incubated at room 
temperature (25°C.) for 2 hours before use. This last step is 
needed to disintegrate the remaining NaBH to prevent 
unwanted seeds appearing in the growth solution. The seed 
solution at this stage should be beige-brown in color. Growth 
Solution Preparation: 20 mL of 1 mM HAuCl4.3H2O and 20 
mL of 200 mMCTAB were combined with 80 uL of 32 mM 
AgNO, 280 uL of 78.8 mMAScorbic acid, and 64 uL of seed 
Solution. The solution color changed from yellow-orange to 
colorless and then finally to deep pink. Nanorods were 
allowed to grow undisturbed for 2 hat room temperature. The 
NaBH should completely decompose during this stage. 
0048 Exemplary gold nanorods were functionalized 
based on procedures as described here. Gold nanorod bio 
functionalization using polyethylene glycol (PEG): Gold 
nanorods were fabricated with the surfactant, CTAB, as a 
capping agent to control the size of the nanorod. The process 
ofusing poly-ethylene glycol (PEG) to replace the CTAB on 
the surface of nanorods is known as PEGylation whereby 
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the nanorods are PEGylated. PEGylation can be advanta 
geous because it increases biocompatibility and stability, 
decreases immunogenicity and adsorption to the negatively 
charged luminal Surface of blood vessels, and Suppresses the 
non-specific binding of charged molecules. During the CTAB 
removal process, the nanorods were centrifuged at (7000 g, 
20 min), decanted, and the pellet was resuspended in 2 mL of 
100 mM PBS-EDTA. The nanorods were then biofunction 
alized, PEGylated, using 1 mM of thiol-terminated methoxy 
poly-ethylene glycol (mPEG-SH) (MW=5000, Nanocs, New 
York, N.Y.) and 2 mM of Potassium Carbonate (Acros, Fair 
Lawn, N.J.) and incubated overnight. A covalent bond was 
formed between the thiol group of PEG and the surface of the 
gold nanorod replacing the CTAB. A VersaMax microplate 
reader was used to determine the relative optical density and 
concentration of the nanorods. The measured concentration 
of the PEGylated nanorods was CONC 4.41 mg/mL. 
The optical density of the PEGylated nanorods was OD, 
NR=8.24 (~1.50x10' GNRS/mL) unless otherwise noted. 
UV-VIS Spectrophotometer was used to calculated the aver 
age peak of the absorption spectra as =784 nm. Imaging by 
Transmission Electron Microscopy (TEM) was used to verify 
consistency in shape and size. 
0049 Gold nanorod conjugation to antibody followed by 
PEGylation: Bioconjugation of gold nanorods to antibodies 
was carried out with the LC-SPDP following the exemplary 
procedure provided. For example, after equilibrating the vial 
of LC-SPDP reagent to room temperature, 20 mM LC-SPDP 
was prepared in dimethylsulfoxide, DMSO (Sigma-Aldrich, 
St. Louis, Mo.). For example, Cetuximab was used without 
modification. Twenty-five milliliters of LC-SPDP solution 
was added to 1 mL of Cetuximab solution and allowed to 
incubate for 60 minat room temperature yielding a calculated 
linker:antibody molar ratio of 37:1. The Cetuximab mixture 
was exchanged into 1 mL of pure PBS-EDTA buffer by using 
a Zeba desalt spin column (Pierce Biotechnology, Rockford, 
Ill.) or a Microcon centrifugal filter device (Millipore, Bed 
ford, Mass.). Reaction byproducts, excess Cetuximab, and 
excess LC-SPDP were also removed by the desalting column. 
Forty milliliters of raw nanorods were centrifuged (7000g, 20 
min), decanted, and then resuspended in 1 mL of PBS-EDTA. 
Two and a half microliters of the antibody/cross-linker mix 
were added to the nanorod solution and then incubated at 
room temperature overnight. The nanorods were then PEGy 
lated by adding 10 uL of 1 mM mPEG-SH and 100 uL of 2 
mM potassium carbonate at room temperature and again 
incubated overnight. Finally, the bioconjugated nanorods 
were centrifuged, decanted, and resuspended in PBS-EDTA 
several times to remove excess CTAB and unreacted mPEG 
SH. 

0050 Antibody conjugation to PEGylated gold nanorods: 
PEGylated gold nanorods were conjugated to an exemplary 
antibody, e.g., Cetuximab, by combining Cetuximab and the 
LC-SPDP crosslinker in varying molar ratios, desalted, and 
then added to nanorods that were previously PEGylated. 
Instead of PEGylating the conjugated nanorod-crosslinked 
antibody unit, the already biocompatible PEGylated nanorod 
was crosslinked to the antibody. In the exemplary protocol, 
bioconjugation of gold nanorods to antibodies was carried out 
with the following modifications. Forty milliliters of raw 
nanorods were centrifuged (7000 g, 20 min), decanted, and 
then resuspended in 1 mL of PBS-EDTA. The nanorods were 
then PEGylated by adding 10 uL of 1 mM mPEG-SH and 100 
LL of 2 mM potassium carbonate and incubated overnight. 
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The biofunctionalized nanorods were centrifuged, decanted, 
and resuspended in PBS-EDTA several times to remove 
excess CTAB and mPEG-SEH. Various amounts of the 20 mM 
crosslinker, LC-SPDP in DMSO solution was added to 1 mL 
of Cetuximab and allowed to incubate for 60 min at room 
temperature yielding a tunable linker:antibody molar ratio. 
100-200LL of the antibody/cross-linker mix was added to the 
PEGylated nanorods and then incubated at room temperature 
overnight. Either a Zeba desalt spin column (Pierce Biotech 
nology, Rockford, Ill.) or a Microconcentrifugal filter device 
(Millipore, Bedford, Mass.) was used to exchange the buffer 
for PBS-EDTA and to remove the reaction byproducts of the 
PEGylated nanorod-antibody complex. 
0051 FIG. 1 shows an illustrative schematic of an exem 
plary nanorod conjugation protocol, e.g., including conjuga 
tion of antibody to PEGylated nanorod. As shown in FIG. 1, 
step 1 demonstrates attaching the crosslinker to the antibody, 
step 2 demonstrates PEGylating the nanorod, and step 3 dem 
onstrates conjugating the antibody to the PEGylated nanorod. 
In this example, nanorods are functionalized with PEG, and 
not the nanorod-antibody conjugate. 
0052 Exemplary implementations were performed to 
characterize the exemplary functionalized gold nanorods, 
e.g., PEGylated AuNRs conjugated with at least one antibody 
and/or a fluorophore. For example, gold nanorod/antibody 
conjugations were examined for structure, consistency, and 
efficiency by TEM. Specifically, exemplary implementations 
used carbon only copper grids, uranyl acetate stain, and a FEI 
TecnaiT1280 kV or 120 kV (Twin TEM, Hillsboro, Oreg.). 
Digital images were captured of the gold nanorods and con 
jugates on an AMT (Danvers, Mass.) 2k camera. UV-VIS 
Spectrophotometer was used to measure percent transmit 
tance and calculate the plasmon resonance absorption. A 
modified ELISA assay was used to evaluate the efficiency of 
antibody binding before and after conjugation to GNRs. 500 
uL PBS was added to Recombinant Human epidermal growth 
factor receptor (EGFR)/ErbB1 Fc Chimera, CF (50 ug/vial 
R&D Systems, Inc., Minneapolis, Minn.) for a final concen 
tration of 0.1 mg/mL and used 50 ng/100 uL of r EGFR in 
PBS w/Ca++ and Mg to coat a 96 well plate. The plate was 
covered with Saran wrap or plate sealer and incubated over 
night at 4°C. The plate was blocked with 1% BSA in PBS w/o 
CA++ and Mg for non-specific binding and incubated for 1 hr 
RT or stored at 4 degrees until use. The BSA or PBS was 
removed from wells and the samples were added, incubated 
for 1 hr., and washed with PBS several times. Samples were 
analyzed by the Pearl Impulse Imager (LI-COR, Lincoln, 
NB). 
0053 Exemplary implementations were performed for 
near infrared photothermal therapy using the exemplary func 
tionalized gold nanorods, e.g., PEGylated AuNRS conjugated 
with at least one antibody and/or a fluorophore. For example, 
head and neck human squamous cell carcinoma (e.g., cell line 
SCC-5) was used in exemplary implementations. The 
HNSCC line was maintained in Dulbecco's Modified Eagle 
Medium (DMEM) containing 10% fetal bovine serum, 
Supplemented with L-glutamine, penicillin, and streptomycin 
and incubated at 37°C. in 5% CO. The measured concen 
tration of the PEGylated nanorods was CONC 4.41 
mg/mL. The optical density of the PEGylated nanorods is 
ODeer-8.24 (~1.50x10' particles/mL). Both PEGylated 
nanorods and nanorod-antibody conjugates were used with 
average plasmon resonance absorption of 785 nm. A NIR 
diode laser (SDL, Inc, San Jose, Calif., 8350) was used to 
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perform the photothermal therapy of cells, 4 min exposure 
time, 785 nm wavelength, 9.5 W/cm fluence. Cell viability 
assay was performed with 1:1 dilution of Trypan Blue. 
0054 The exemplary protocol demonstrated an enhance 
ment in the targeted treatment of malignant tumors by 
improving the conjugation efficiency of GNRS to tumor tar 
geted antibodies. For example, improved delivery of the 
nanorods was shown to make the NIR PTT more effective. 
The exemplary conjugation protocol can include the use of 
covalent bonds, Sulfhydryl and amide group chemistry to 
improve conjugation efficiency. The order of conjugation and 
PEGylation were examined, as well as its effects on the nano 
rods forming clusters, aggregating, and the percentage of 
binding efficiency of the antibody. The binding efficiency of 
the antibody before and after conjugation was examined, as 
well as the therapeutic effect of the nanorods for photother 
mal therapy before and after conjugation. 
0055 Exemplary implementations were performed to 
identify a Successful modality to selectively target gold nano 
rods to malignant cells by optimizing conjugation parameters 
to the anti-EGFR antibody, e.g., Cetuximab. For example, by 
conjugating nanorods with antibodies, the specificity of 
nanorods can be improved. The quality of the conjugation of 
nanorods to antibodies using the LC-SPDP crosslinker and 
PEG-SH can be affected by the sequential order of the steps as 
depicted in FIGS. 2A-2C. 
0056. The TEM images in FIGS. 2A-2C show the physical 
differences that the order of PEGylation and conjugation, as 
illustrated in FIG.1, has on a collection of gold nanorods. The 
results obtained by implementing the disclosed methods 
using exemplary anti-EGFR antibody are shown in FIG. 2A. 
In conducted tests, the conjugated GNRS-antibody unit was 
PEGylated; this procedure resulted in more than a 70% loss of 
nanorod individuality, described here as aggregation. 
0057 FIGS. 2A-2C show exemplary TEM images of 
nanorod conjugation to antibody before PEGylation vs. 
PEGylated nanorod conjugation to antibody. FIG. 2A shows 
exemplary nanorods first conjugated to anti-EGFR antibody 
then PEGylated: FIG. 2B shows exemplary nanorods first 
PEGylated then conjugated to anti-EGFR antibody; and FIG. 
2C shows exemplary PEGylated nanorods without antibody 
or crosslinker present. The exemplary scale bars shown in 
FIGS. 2A, 2B, and 2C represent 100 nm. 
0.058 To overcome this aggregation, PEGylated GNRs 
were conjugated to antibodies, shown in FIG. 2B. More than 
70% of the GNRs were observed inclusters of various shapes 
and sizes. In FIG. 2C, PEGylated GNRs are shown with no 
antibodies or crosslinker, as a control. Aggregation like in 
FIG. 2A or clustering like in FIG. 2B was not found using the 
same concentration of GNRs. This indicates that the nanorod 
antibody interaction is affected by the order of conjugation 
and PEGylation. 
0059 Antibody binding efficiency was also affected by 
the PEGylation and conjugation order. Using the unconju 
gated antibody as the binding efficiency standard, the binding 
efficiencies was Surveyed resulting from the protocols illus 
trated in FIG. 1 using a modified ELISA assay. In FIG. 3, a 
Summary of the results for a titration of antibody concentra 
tions and without any dilution to the antibody concentration is 
shown. 

0060 FIG.3 shows exemplary data demonstrating a com 
parative antibody binding assay based on the sequential order 
of conjugation and PEGylation, Summarizing the binding 
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efficiency of antibodies when conjugated to nanorods then 
PEGylated (solid line) and antibodies conjugated to PEGy 
lated nanorods (dashed line). 
0061 For example, increase in the antibody binding effi 
ciency was observed as antibody concentration increases in 
both cases. For example, without any dilution to the antibody 
concentration, a 6.5% binding efficiency was measured for 
the antibodies conjugated to GNRs then PEGylated versus a 
40.4% binding efficiency measured for the antibodies conju 
gated to the PEGylated GNRs. By modifying the order of 
conjugation and PEGylation, a 6-fold improvement was dem 
onstrated in the binding efficiency of the conjugated antibody. 
0062) Exemplary parameters of photothermal therapy 
were optimized, e.g., without compromising the aspects of 
the disclosed technology already shown effective, for 
example, Such as the targeting ability of the antibodies and the 
therapeutic ability of the nanorods when used in combination 
with the NIR laser. For example, the binding ability was 
measured of unconjugated anti-EFGR antibody to the anti 
gen, e.g., the epidermal growth factor receptor. Using the 
unconjugated antibody as the standard of binding efficiency 
on a scale from 0 to 5, the binding efficiency of the antibody 
after being conjugated to PEGylated nanorods was demon 
strated, as shown in FIG. 4A. 
0063 FIG. 4A shows exemplary data demonstrating an 
anti-EGFR antibody binding assay shows the antibody func 
tion before and after conjugation to the PEGylated gold nano 
rod. FIG. 4B shows exemplary data demonstrating a cell 
viability assay Summarizes the percentage of cells dead after 
photothermal therapy with laser only, laser plus PEGylated 
nanorods, and laser plus nanorods conjugated to the anti 
EGFR antibody. 
0064. For example, the binding efficiency was found to be 
slightly improved after conjugation from 3.93 to 4.4 on a 
scale from 0 to 5, e.g., but considering the standard error, the 
binding efficiency can be estimated to be approximately the 
same for the antibody before and after conjugation to PEGy 
lated nanorods, FIG. 4A. This exemplary binding assay can 
confirm that the antibody is still binding after conjugation. 
The exemplary 9% difference in binding efficiency of anti 
body before and after conjugation to nanorods is relatively 
negligible when compared to the binding efficiency of the 
antibody that was conjugated to the nanorod then PEGylated 
which had a binding efficiency of 0.29, e.g., an 82% differ 
ence from the antibody binding before conjugation. 
0065. For example, GNR-mediated NIR PTT can provide 
approximately a 95% death rate, which is comparable to the 
results of the exemplary implementations performed from 
before and after conjugation. For example, in the process of 
optimizing the active targeting component by conjugating the 
GNRs to antibodies, the therapeutic capability was main 
tained. FIG. 4B shows the effect that conjugating the nano 
rods to antibodies has on photothermal therapy. The exem 
plary cell viability assay shows the percentage of dead cells 
after treatment as performed in vitro without washing cells 
after adding GNRs. For example, the cells were treated with 
the NIR laser only as a control, with the laser and PEGylated 
nanorods, and with the laser plus PEGylated nanorods con 
jugated to the anti-EGFR antibody. The percentages of dead 
cells after these treatments were 4.5%, 96%, and 89% respec 
tively. There is only a 7% difference in the therapeutic effect 
for nanorods before and after the conjugation process which 
likely attributed to distance between to GNRs and the cell 
surface due to the antibody and crosslinker. The exemplary 
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experiments were performed with a 785 nm diode laser at 9.5 
W/cm, ~4 minutes using GNRs with ODec. 4.12 (~8. 
65x10' particles/mL) and 300:1 crosslinker:antibody ratio. 
0066. The physiological conditions inside the body 
require a resilient and functional conjugation to ensure opti 
mal delivery of the GNRs to malignant tumors and successful 
treatment upon arrival. Results of the exemplary implemen 
tations of the disclosed technology have shown that after 
conjugation, both the antibody binding efficiency and the 
GNR's therapeutic ability are individually comparable to their 
performance before conjugation. To further evaluate the con 
jugation performance and the photothermal effect with 
GNRs, cells were treated with GNRs, alone and conjugated, 
and washed with medium three times to remove any unbound 
GNRs. Exemplary results showed that there is some adsorp 
tion effect happening with the GNRs on the surface but this is 
distinguishable at very dilute concentrations of the GNRs. In 
FIG. 5, the percentage of cell death after NIR PTT was com 
pared with GNRs alone and conjugated. 
0067 FIG. 5 shows exemplary data demonstrating a cell 
viability assay that shows the percentage of cell death of 
conjugated (solid line) and unconjugated (dashed line) nano 
rods after photothermal therapy with increasing nanorod con 
centration after three washes. 

0068 GNRs with optical densities of 0.412, 0.549, 1.648, 
and 3.296 were conjugated to antibody concentrations of 
14.3, 19.1, 11.12 and 9.52 ug/mL, respectively. The exem 
plary results show a trend that as the nanorod concentration 
increases, the cell death increases. The difference in the per 
centage of cell death caused by NIR PTT is observed for 
lower concentrations of GNRs correlating to higher antibody 
concentrations. There may also a difference in the binding 
effects observed for the anti-EGFR antibody binding to the 
EGFR used in the assay as displayed in FIG.3 and the binding 
that results from the EGFR expressed on the surface of the 
SCC-5 cells used for the cell viability experiment after three 
washes in FIG.5. The antibody-to-nanorod ratio and resultant 
relative therapeutic effects and stoichiometry may also be 
included in the protocols of the disclosed technology. 
0069 Conducted tests and results demonstrated the effi 
cacy of the disclosed technology, e.g., including optimizing 
the parameters for using covalent bonds to conjugate GNRS to 
the anti-EGFR antibody, Cetuximab. For example, the cova 
lent conjugation of the antibody to GNR facilitates active 
targeting of the nanorods to the tumor site. This kind of active 
targeting was shown to be efficient, e.g., more efficient than 
PEGylation to an existing antibody-nanorod conjugate. 
Exemplary implementations characterized the efficiency of 
the conjugation of the gold nanorods to Cetuximab by com 
paring the antibody binding efficiency and the photothermal 
effect of nanorods before and after conjugation. For example, 
the percentage of antibody binding efficiency was shown 6 
fold (33.9%) greater when conjugating the antibody to an 
already PEGylated nanorod versus PEGylating the nanorod 
antibody conjugation. Exemplary implementations show that 
binding ability of the conjugated antibody to the epidermal 
growth factor receptor (EGFR) has not been affected by con 
jugation, whereas the binding efficiency was 3.93 before con 
jugation and 4.4 after conjugation on a scale from 0 to 5. 
(0070. In addition, cell death by NIR photothermal therapy 
with the use of gold nanorods is not compromised following 
conjugation of gold nanorods to an antibody. The percentage 
of cells living after photothermal treatment with the laser and 
PEGylated nanorods was only 4%, when compared to the 
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11% of cells living after treatment with laser plus nanorods 
conjugated to the anti-EGFR antibody. The difference in the 
photothermal therapeutic effect for nanorods before and after 
the conjugation process is only a 7%. NIR photothermal 
treatment with the antibody-nanorod conjugate selectively 
heated the GNR and was sufficient to kill nearly 90% of tumor 
cells which is comparable to photothermal therapy with the 
GNR alone. These exemplary results indicate that nanorod 
antibody conjugates can be implemented to improve active 
targeting agent in in vitro and in vivo applications. For 
example, the exemplary results described have shown active 
targeting and Subsequent photothermal treatment of malig 
nant cells, which can be implemented as a viable approach for 
the treatment of a variety of cancertypes that over-express the 
epidermal growth factor including head and neck, colorectal, 
ovarian, cervical, skin, breast, bladder, pancreatic, and pros 
tate CancerS. 

0071. In another aspect of the disclosed technology, sys 
tems, devices, materials, and techniques are described for a 
minimally invasive active targeting, fluorescent imaging, and 
NIR photothermal treatment of malignant tumors, e.g., which 
can be applied to a variety of cancer types that over-express 
the epidermal growth factor receptor (EGFR). 
0072 A device for producing a photothermal effect 
includes a particle having a molecular layer functionalized 
onto the external surface of the particle and structured to 
attach to at least one targeting molecule capable of binding to 
a receptor site of a cell, in which the particle is configured to 
absorb light energy at a particular wavelength to produce a 
plasmon resonance effect that causes the particle to emitheat 
energy. In some implementations, the device can be config 
ured as a gold nanorod. For example, a near infrared (NIR) 
laser (785 nm, ~9.5 W/cm, 10 minutes exposure) can be used 
to take advantage of the plasmon resonance absorption peak 
of exemplary device (e.g., gold nanorods (AuNRS)), e.g., of a 
~785 nm peak absorption wavelength and aspect ratio of ~4. 
Exemplary targeting ligands and fluorescent molecules can 
be conjugated to the exemplary AuNR device to render the 
device multifunctional. For example, an anti-EGFR antibody, 
which targets the over-expressed EGFR on malignant cells, 
can be labeled with a NIR fluorescent dye and conjugated to 
PEGylated AuNRs (dye-antibody-AuNR). Techniques are 
described for determining the optimal molar ratio and conju 
gation of dye-antibody-AuNR that can facilitate the targeted 
delivery of the AuNR device to the tumor site. For example, 
the exemplary techniques can be implemented Such that the 
conjugation does not affect the binding affinity of the anti 
body to the EGFR, the fluorescence of the IRDye, or the 
therapeutic qualities of the AuNRs. Exemplary implementa 
tions were performed showing exemplary NIR photothermal 
treatments using the AuNR device, e.g., with the dye-anti 
body-nanorod conjugate, which Sufficiently killed approxi 
mately 90% of tumor cells in vitro and provided a substantial 
reduction in tumor size in vivo. 

0073. The AuNR devices can also be implemented to pro 
vide the ability to image in real-time with the active targeting 
and photothermal treatment of tissues, e.g., malignant 
tumors. For example, fluorescently-labeled tumor-targeted 
antibodies can be used for imaging of tumors in real time. 
Excitation of an exemplary fluorescent IRDye, e.g., attached 
to the AuNR device, can create a visual contrast between 
tumor and the Surrounding non-tumor tissue. The exemplary 
fluorescently-labeled tumor-targeted antibody (dye-anti 
body), e.g., after conjugation to gold nanorods (dye-anti 
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body-nanorod), can actively deliver the functionalized 
AuNRS to tumors and enable real time imaging. By optimiz 
ing the conjugation of gold nanorods to NIR fluorescently 
labeled antibodies and exciting with a near infrared laser, the 
in vivo efficacy of nanorods can be improved. Exemplary 
implementations were performed using the exemplary dye 
antibody-AuNR conjugate devices (e.g., aspect ratio ~4, plas 
mon resonance peak ~785 nm) with NIR light which suffi 
ciently reduced tumor cell viability in vitro and reduced 
tumor size in vivo. 

0074. A method of fabricating photothermal nanorod 
devices includes a process to fabricate photothermal nanorod 
structures, a process to coat the photothermal nanorod struc 
tures with a biocompatible molecular layer, and a process to 
conjugate biocompatible molecular layer-coated photother 
mal nanorod structures with at least one of a targeting ligand 
and/or imaging agent (e.g., fluorescent dye) using an engi 
neered linking chemistry, described herein. 
0075. In some implementations of the process to conju 
gate the targeting ligand and/or imaging agent to the biocom 
patible molecular layer-coated nanorod structures, 20 mM of 
a cross-linker, LC-SPDP, in DMSO solution can be added to 
an antibody and allowed to incubate for 1 hour at room 
temperature yielding a tunable linker:antibody molar ratio. In 
Some examples, the cross-linker:antibody molar ratio of 
300:1 was implemented in the process. 2-20 uL of the fluo 
rescent dye can be added to the antibody/cross-linker mix 
(e.g., 50-300 uL) formed in the prior step of the process. The 
formed fluorescently-labeled antibody can be added to the 
biocompatible molecular layer-coated nanorod structures 
(e.g., PEGylated nanorods) and then incubated at room tem 
perature overnight. In some examples of the process, a Zeba 
desalt spin column (e.g., obtained from Pierce Biotechnol 
ogy, Rockford, Ill.) or a Microcon centrifugal filter device 
(e.g., obtained from Millipore, Bedford, Mass.) can be used to 
exchange the buffer from PBS and to remove the reaction 
byproducts of the PEGylated nanorod-antibody complex. 
0076 Further details including exemplary materials and 
processing steps of the method are described. For example, 
Cetuximab (ImClone Systems, New York, N.Y.), a recombi 
nant human/mouse chimeric monoclonal IgG antibody, binds 
specifically to the extracellular domain of the human EGFR 
which is over-expressed in head and neck squamous cell 
carcinomas (HNSCC). Cetuximab is composed of the Fc 
regions of a murine anti-EGFR antibody and human immu 
noglobulin IgG1 heavy and kappa light chain constant 
regions and has an approximate molecular weight of 152 kDa. 
Cetuximab is Supplied as a 2 mg/mL Solution containing 
Sodium chloride, sodium phosphate dibasic heptahydrate, 
Sodium phosphate monobasic monohydrate, in water and has 
a pH ranging from 7.0 to 7.4. IRDye 800CW was obtained 
from LI-COR Biosciences (Lincoln, NB). IRDye 800CW 
reactive dye bears a N-Hydroxysuccinimide (NHS) reactive 
group to couple primary amines on the antibody and form a 
stable conjugate. IRDye 800CW in 1x phosphate buffered 
saline (PBS) has an absorption maximum at 774 nm, emission 
maximum at 789 nm, and molecular weight of 1166 g/mole. 
The absorption maxima of the IRDye 800CW corresponds to 
NIR absorption minima for bodily fluids and tissues and 
results in enhanced visualization of targeted tumors. The 
fluorescent signal from the IRDye has a very high signal-to 
noise ratio accompanied by low autofluorescence from tis 
Sues, cells, biological materials, and drug compounds. Cetux 
imab was labeled with IRDye as described in the Protein 
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Labeling protocol from LI-COR Biosciences, incubated at 
room temperature for 1 hour and purified using the Zeba 
desalting column (Thermo Scientific, Rockford, Ill.). Using 
spectrophotometric analysis, the ratio of dye-antibody was 
calculated to be 3.7. Long Chain Succinimidyl 6-(3-2-py 
ridyldithio-propionamido) hexanoate (LC-SPDP), 
MW-425.52 g/mol, spacer arm length=15.6 Angstroms 
(Thermo Scientific, Rockford, Ill.), was employed to biocon 
jugate Cetuximab to gold nanorods. LC-SPDP is a heterobi 
functional, thiol-cleavable and membrane permeable 
crosslinker. LC-SPDP contains an amine-reactive N-hydrox 
y succinimide (NHS) ester that reacts with lysine residues to 
form a stable amide bond on the surface of the antibody. The 
other end of the spacer arm is terminated in the pyridyl dis 
ulfide group that reacts with sulfhydryls to form a reversible 
disulfide bond with thiol PEGylated gold nanorods. 
0077 Exemplary calculations of the crosslinker-antibody 
molar ratio were performed. For example, the molar ratio of 
crosslinker to antibody was calculated using the following 
exemplary methods. The anti-EGFR antibody, Cetuximab, 
has a molecular weight of 145.782 g/mol used at 2 mg/mL. 
LC-SPDP crosslinker has a molecular weight of 425.52 
g/mol. Calculations were performed by implementing the 
following: 

grams of antibody 

(MW of antibody 
mol 

The molarity of the antibody is 
1457.82 

The molarity of the crosslinker is 

X grams of linker z, pull (vol of linker in DMSO) 
y ul (vol of DMSO) 425.52 (MW of linker) mol 

molarity of linker 
The molar ratio of crosslinker to antibody is - -. molarity of antibody 

0078. The exemplary gold nanorods were fabricated 
according to the method described herein. Stock Solutions 
Preparation: For example, 30 mL of HPLC grade water was 
cooled to 0° C. Solutions of 1 mM Gold (III) chloride trihy 
drate, (HAuCl4.3H2O), 200 mM cetyltrimethylammonium 
bromide (CTAB), 78.8 mM Ascorbic acid, and 32 mM 
AgNO were prepared. A hot-water bath, less than 50°C., was 
used to dissolve CTAB. Ice-cold water was rapidly added to 
the NaBH and the solution was returned to ice. Seeds solu 
tion preparation was performed using the following exem 
plary process. For example, 2.5 mL of 1 mM of HAuCla. 
3HO: 5 mL 200 mM CTAB; and 0.6 mL ice-cold 10 mM 
NaBH were incubated at room temperature (25°C.) for 2 
hours before use. Growth solution preparation was performed 
using the following exemplary process. For example, 20 mL 
of 1 mM HAuCl3HO and 20 mL of 200 mM CTAB were 
combined with various amounts of 32 mM AgNO, 78.8 mM 
Ascorbic acid, and of seed solution. The deep pink-colored 
nanorods were allowed to grow undisturbed for 2 hr at room 
temperature. 
007.9 The exemplary gold nanorods were biofunctional 
ized, e.g., using PEG. For example, the gold nanorods were 
fabricated with the Surfactant, CTAB, as a capping agent to 
control the size of the nanorod. The process of using poly 
ethylene glycol (PEG) to replace the CTAB on the surface of 
nanorods is known as PEGylation whereby the nanorods are 
PEGylated. PEGylation is advantageous because it 
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increases biocompatibility and stability, decreases immuno 
genicity and adsorption to the negatively charged luminal 
Surface of blood vessels, and Suppresses the non-specific 
binding of charged molecules. During the CTAB removal 
process, the nanorods were centrifuged at (7000g, 20 min), 
decanted, and the pellet was resuspended in various amounts 
of 100 mM PBS. The nanorods were then biofunctionalized, 
PEGylated, using 1 mM of thiol-terminated methoxy-poly 
ethylene glycol (PEG) (MW=5000, Nanocs, New York, N.Y.) 
and 2 mM of Potassium Carbonate (Acros, Fair Lawn, N.J.) 
and incubated overnight. A covalent bond was formed 
between the thiol group of PEG and the surface of the gold 
nanorod replacing the CTAB. A VersaMax microplate reader 
was used to determine the relative optical density and con 
centration of the nanorods. UV-VIS Spectrophotometer was 
used to calculated the average peak of the absorption spectra 
as w-784 nm. Imaging by Transmission Electron Microscopy 
(TEM) was used to verify the shape and size consistency of 
the nanorods. 
0080 Antibody conjugation to PEGylated gold nanorods 
was performed according to the exemplary procedures. For 
example, PEGylated gold nanorods were conjugated to an 
exemplary antibody, e.g., Cetuximab, by combining Cetux 
imab and the LC-SPDP crosslinker in varying molar ratios, 
desalted, and then added to nanorods that were previously 
PEGylated. The already biocompatible PEGylated nanorods 
were crosslinked to the antibodies. Various amounts of the 
mM crosslinker, LC-SPDP in DMSO solution was added to 
Cetuximab and allowed to incubate for 1 hour at room tem 
perature yielding a tunable linker:antibody molar ratio. After 
the addition of the IRDye, the antibody/cross-linker mix (50 
300 uL) was added to the PEGylated nanorods and then 
incubated at room temperature overnight. EitheraZeba desalt 
spin column (Pierce Biotechnology, Rockford, Ill.) or a 
Microcon centrifugal filter device (Millipore, Bedford, 
Mass.) was used to exchange the buffer from PBS and to 
remove the reaction byproducts of the PEGylated nanorod 
antibody complex. 
I0081 Exemplary characterizations of the exemplary 
implementations were performed. For example, gold nano 
rod-antibody conjugations were examined for structure, con 
sistency, and efficiency by TEM using carbon only copper 
grids, uranyl acetate stain, and a FEI TecnaiT1280 kV or 120 
kV (Twin TEM, Hillsboro, Oreg.). Digital images of the gold 
nanorods and conjugates were captured on an AMT 2k cam 
era (Advanced Microscopy Techniques, Danvers, Mass.). 
UV-VIS Spectrophotometer was used to measure percent 
transmittance and calculate the plasmon resonance absorp 
tion. A modified ELISA assay was used to evaluate the effi 
ciency of antibody binding before and after conjugation to 
AuNRs. 500 uL of PBS to recombinant human epidermal 
growth factor receptor, (EGFR)/ErbB1 Fc Chimera, CF, (50 
ug/vial, R&D Systems, Inc., Minneapolis, Minn.) were added 
for a final concentration of 0.1 mg/mL and used 50 ng/100 uL 
of recombinant EGFR in PBS w/Ca" and Mg" to coat a 96 
well plate. The plate was covered with paraffin and incubated 
overnight at 4°C. The plate was blocked with 1% bovine 
serum albumin (BSA) in PBS without Ca" and Mg" to 
prevent non-specific binding. The samples were incubated for 
1 hour at room temperature and analyzed using the Pearl 
Impulse Imager (LI-COR, Lincoln, NB). 
I0082) Exemplary implementations of near infrared photo 
thermal therapy were performed. For example, Cal-27, an 
HNSCC cell line, was maintained in Dulbecco's Modified 
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Eagle Medium containing 10% fetal bovine serum, supple 
mented with L-glutamine, penicillin, and streptomycin and 
incubated at 37°C. in 5% CO. Approximately 1x10 Cal 27 
cells/100 uL of serum free media were injected subcutane 
ously for in Vivo experiments. Tumorresponse was monitored 
using digital calipers and photography. Tumors were excised 
at the end of the exemplary implementations to evaluate the 
effect of AuNRs and the NIR laser separately and combined 
in comparison to no treatment. Five micron sections of the 
formalin-fixed, paraffin-embedded blocks were mounted 
onto slides and heated to 60°C. for 2 hours. The sections were 
rehydrated in three baths of xylenes and graded alcohols and 
stained with silver intensification followed by hematoxylin 
and light eosin. 
0083. For example, implementations were performed to 
evaluate efficacy for the disclosed fluorescently labeled 
EGFR targeted antibodies, PEGylated gold nanorods and 
NIR laser irradiation. Gold nanorods demonstrated intrinsic 
imaging capabilities and were Successfully utilized in treat 
ment in vitro, yet the innate visual contrast of the nanorods 
was severely limited in vivo. The advantages of conjugating 
antibodies to Cy5.5 dye and IRDye 800CW for fluorescent 
imaging in vivo have been demonstrated but not in conjunc 
tion with photothermal therapies. Exemplary implementa 
tions of the disclosed technology included using the anti 
EGFR antibody, Cetuximab, which was labeled with IRDye 
800CW fluorescent dye and conjugated to gold nanorods. 
After incubation with the dye-antibody-nanorod conjugate, 
treatment with NIR light selectively heated the gold nanorods 
and was sufficient to treat cancers in vitro and reduce tumor 
size in vivo. 
0084. For example, the molar ratio of crosslinker to anti 
body was varied using the previously described protocol. The 
effect of crosslinker to antibody molar ratios of 3000:1, 1000: 
1, 300:1, and 100:1 on the antibody-nanorod conjugation is 
summarized in FIG. 6. Increasing the molar ratio resulted in 
a reduction in the space between each nanorod and an appar 
ent increase in clustering. The rate of the conjugation of the 
gold nanorods to Cetuximab was characterized as a function 
of clustering by TEM. The count of clustered nanorods was 
more that 70%. 
0085 FIG. 6 shows exemplary transmission electron 
microscope (TEM) images of PEGylated gold nanorods con 
jugated to anti-EGFR antibody with different LC-SPDP 
crosslinker-antibody molar ratios, e.g., shown in panels (a) as 
-3000:1, (b) as ~1000:1, (c) as ~300:1, and (d) as ~100:1. The 
exemplary scale bars represent 100 nm. 
I0086 Transmission electron microscope images were 
analyzed to determine the cluster frequency of occurrence 
and the nanorod density within the clusters using a nearest 
neighbor approach. The nearest neighbor approximation was 
done by counting nanorods within a circular area with radius, 
r=2x(nanorod length). A Summary of the results for the quan 
tifying the clusters is shown in FIGS. 7A and 7B. 
0087. The number of nanorods counted (total number of 
events) in each of the groups is all-inclusive as to reduce 
selection bias. This raw data was normalized by only consid 
ering 100 events and several observations were made. In FIG. 
7A, the nanorod density in a cluster of any size was counted. 
This calculation takes into consideration that the clusters had 
various amounts of nanorods. The increase in nanorods clus 
tering that correlates to the increase in crosslinker-to-anti 
body molar ratio is indicative of a trend that is consistent with 
the frequency of cluster occurrence in FIG. 7B. The occur 
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rence of nanorods clusters with more than 3 nanorods was 
analyzed according to the crosslinker-to-antibody ratio used 
in the conjugation process. The 3000:1 molar ratio group has 
38% single rods and 89 occurrences of clusters with more 
than 3 nanorods. Interestingly, the 1000:1 molar ratio group 
has 30% single rods, and it has 77 occurrences of clusters with 
more than 3 nanorods. 

I0088 FIGS. 7A and 7B show exemplary data demonstrat 
ing a Summary of the nearest neighbor analysis of gold nano 
rods clusters after conjugation for various LC-SPDP 
crosslinker-to-antibody molar ratios: ~100:1, -300:1, ~1000: 
1, and ~3000:1. FIG. 7A shows the nanorod density of the 
clusters, and FIG. 7B shows the frequency of cluster occur 
rence. As shown in the figures, the 300:1 molar ratio group 
has 44% single rods and 58 occurrences of clusters with more 
than 3 nanorods. The 100:1 molar ratio group has 83% single 
nanorods and 7 instances of clusters with more than 3 nano 
rods. 

I0089. The nearest neighbor analysis of the clustering 
effect of conjugated gold nanorods suggests that nanorod 
clustering was tuned by varying the crosslinker-to-antibody 
molar ratio. This nanorod assessment appeared to maintain 
validity even after the addition of a fluorescent label to the 
antibody conjugation. FIG. 8 shows the TEM images of gold 
nanorods conjugated to fluorescently labeled antibodies 
using a crosslinker-to-antibody molar ratio ~300:1. 
(0090 FIG.8 shows exemplary TEM images of PEGylated 
gold nanorods conjugated to anti-EGFR antibody labeled 
with fluorescent dye, -300:1 crosslinker-antibody ratio. The 
exemplary scale bar represents 100 nm. 
0091. This representative sample in FIG. 8 of nanorods 
conjugated to fluorescently labeled antibodies with ~300:1 
crosslinker-antibody ratio shows nanorod clusters compa 
rable to the clusters found in FIG. 6 of nanorods conjugated to 
antibodies without a fluorescent tag. The integrity of the 
nanorod shape has not been compromised and the clustering 
effect of nanorods was maintained after conjugation to fluo 
rescently labeled antibodies. The plasmon resonance absorp 
tion of the nanorods was maintained after conjugation to 
antibodies with and without a fluorescent label. 

0092 Demonstrating that the nanorods maintain their 
form and function is essential in maintaining the therapeutic 
capabilities of near infrared photothermal therapy. The exem 
plary previous conjugation method showed that the therapeu 
tic effect of the gold nanorods is preserved after conjugation. 
FIG. 9 compares the therapeutic effect of treatments in vitro. 
0093 FIG.9 shows exemplary data demonstrating the per 
centage of cell death after treatment in vitro. Cell viability 
after left to right no treatment, laser only, laser plus fluores 
cent dye (IRDye), laser plus anti-EGFR antibody (C225), 
laser plus C225 labeled with IRDye, laser plus nanorods, and 
laser plus nanorods conjugated to IRDye labeled antibody. 
(0094. The cell viability assay in FIG. 9 shows the differ 
ence between the following treatments: no treatment, laser 
only, laser plus fluorescent dye (IRDye), laser plus anti 
EGFR antibody (C225), laser plus C225 labeled with IRDye, 
laser plus nanorods, and laser plus nanorods conjugated to 
IRDye labeled antibody. The cell killing effect of the laser 
without gold nanorods present was minimal regardless of the 
presence of any variation of antibody or fluorescent dye com 
bination. Conversely, the laser in the presence of nanorods, 
regardless of fluorescently labeled antibody conjugation, was 
devastating to the majority of the cells. The therapuetic effect 
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of the gold nanorods was not compromised by the addition of 
a fluorescent label to the antibody conjugate. 
0095 Preserving the therapeutic effect of the nanorods is 
an important component of expanding the function of PTT to 
include targeting and imaging. In addition, maintaining the 
binding ability of the antibody with the fluorescent label is 
also an important component. FIGS. 10A-10C show exem 
plary data that compares the fluorescence function of the 
antibody before and after conjugation to gold nanorods, e.g., 
comparison of fluorescently labeled antibody before and after 
conjugation to gold nanorods. FIG. 10A shows exemplary 
images from a binding assay for fluorescent antibody func 
tion before (left) and after (right) conjugation with gold nano 
rods. FIG. 10B shows exemplary fluorescence intensity titra 
tion assay results. FIG. 10C shows exemplary standardized 
fluorescence intensity comparison. 
0096 Results of previous exemplary implementations 
showed that the binding function of the antibody before and 
after conjugation to gold nanorods was maintained, which 
was consistent with the exemplary current results. The bind 
ing ability and fluorescence of the antibodies before conju 
gation to gold nanorods were comparable to those after con 
jugation. The binding ability and fluorescence of the antibody 
indicated that the in vivo targeting ability of the antibody and 
the imaging capability of the fluorophore would be main 
tained. The binding ability of the antibody in vitro is not a 
direct correlation to the targeting function of the antibody in 
vivo. The result of the disclosed active targeting, fluorescence 
imaging, and near infrared photothermal treatment is summa 
rized in FIGS. 11A-11G. 

0097 FIGS. 11A-11F show exemplary data of active tar 
geting, fluorescence imaging and near infrared photothermal 
therapy of malignant tumors. FIG. 11A shows an exemplary 
image on Day 2 after the conjugation injection showing accu 
mulation of the conjugate in the tumor. FIG. 11B shows an 
exemplary image on Day 3 before laser treatment. FIG.11C 
shows an exemplary image on Day 3-after laser treatment. 
FIG.11D shows an exemplary image on Day 4 fluorescence 
returns to the tumor. FIG. 11E shows an exemplary image on 
Day 8 fluorescent stability. In FIGS. 11A-11E, the featured 
arrow indicates the tumor. FIG. 11F shows exemplary images 
of histology data showing silver intensification of gold nano 
rods in tumor. FIG. 11G shows an exemplary plot demon 
strating percent change in tumor Volume showing tumor 
regression after laser irradiation over time. 
0098 Exemplary implementations included intrave 
nously injecting gold nanorods conjugated to fluorescently 
labeled anti-EGFR antibodies. FIGS. 11A-11E show the 
IRDye labeled of the tumor targeting antibody conjugated to 
the gold nanorods as it circulates in the mouse. On the second 
day after the conjugation injection (FIG. 11A), the fluores 
cence started to accumulate in the tumor in addition to liver, 
spleen, and kidney. The next day, increased fluorescence in 
the tumor (FIG. 11B) was observed, which is consistent with 
the standard circulating time for IRDye labeled antibodies to 
accumulate in the tumor, ~72 hours. This same time point was 
chosen for treatment with the NIR laser, afterwhich (FIG. 
11C), no fluorescence in the tumor was observed. A day later, 
the fluorescence returned to the tumor (FIG. 11D) and 
appeared even stronger four days later (FIG. 11E) indicating 
the fluorescent antibody has strong accumulation in the 
tumor. The laser caused the elimination of fluorescence 
(photo-bleaching) and these results suggest that the conju 

Oct. 3, 2013 

gated antibody was still circulating in the blood and targeted 
the tumor again after the laser treatment. 
0099. After sacrifice, the presence of gold nanorods in the 
tumor was confirmed 8 days after intravenous injection (FIG. 
11F). This indicates that this protocol for targeted delivery of 
nanorods enabled long term nanorod accumulation in the 
tumor, ideal for repeatable laser treatments. In FIG. 11G, 
regression is shown for a tumor targeted with a dye-antibody 
nanorod conjugate followed by a 10 minute NIR laser treat 
ment. As is standard with all cancer treatments, the tumor will 
eventually continue to grow unless it is completely elimi 
nated. This was the case 4 days after PTT, a partially reduced 
tumor started to re-grow, e.g., which can be used as an exem 
plary time point to initiate an additional treatments. 
0100. The optimized antibody-to-nanorod conjugation 
molar ratios disclosed were used in exemplary implementa 
tions which were shown to enable sufficient in vivo tumor 
targeting and resulted in a reduction in tumor size. In addition 
to decreasing tumor Volume, the disclosed active targeting 
and fluorescent imaging modalities were implemented with 
near infrared photothermal therapy. 
0101 For example, the described technology demon 
strated that manipulating the molar ratio of the cross linker to 
antibody, and the order of PEGylation and conjugation, can 
improve active tumor targeting with antibodies and near 
infrared photothermal therapy. The exemplary data indicated 
that gold nanorods maintained their therapeutic ability even 
after conjugation to a fluorescently labeled antibody. The 
disclosed techniques were shown to be minimally invasive 
and repeatable for actively targeting, fluorescently imaging, 
and using near infrared photothermal therapy that can result 
in tumor reduction. The disclosed technology can also 
include optimizing delivery and treatment parameters, incor 
porating antibody drug conjugates, and combining treatment 
with the current standards of care. For example, the disclosed 
selective targeting, imaging and photothermal treatments can 
be implemented in a variety of cancer types, including squa 
mous cell carcinomas. 
0102. In another aspect of the disclosed technology, sys 
tems, devices, materials, and techniques are disclosed for 
photothermal therapy using a targeted systemic delivery of 
nanoparticles and light energy to a tissue site (e.g., a tumor), 
e.g., by directly injecting nanoparticles into the tumor. Exem 
plary implementations include evaluation of the tumor reduc 
tion effects resulting from the combination of a one-time 
10-minute NIR laser treatment and a direct intratumoral 
injection of gold nanorods. 
0103 Exemplary processes, methods, and techniques for 
predictive calculation of parameters for PTT based on tumor 
model are disclosed. For example, a locally destructive quan 
tity of heat is generated from the excitation of gold nanorods 
by NIR light irradiation with a wavelength overlapping with 
gold nanorod plasmon resonance absorption. Based on the 
rate of heat deposition to the tumor, Q, that is needed to cause 
damage, a protocol was outlined to calculate the laser output 
power, P. and the gold nanorod concentration in the tumor, 
NaNR. 
0104. As shown in FIGS. 12A-12C, an exemplary tumor 
was modeled as an isothermal sphere, diameter D=5 mm. 
buried in a semi-infinite tissue beneath the skin. The distance 
between the center of the tumor and the skin surface was 
Z=5.5 mm. The rate of heat dissipated, Q to the tumor of 
diameter D, was approximated using the Solution of a heat 
transfer problem based on conduction of heat involving two 



US 2013/0261444 A1 

Surfaces maintained at constant temperatures, the tumor tem 
perature, T-333 K and the temperature of the skin, T=309 
K. It is known that temperatures between 316 K and 333 K 
damage the cell originating from protein denaturation and 
temperatures above 333 K result in tissue coagulation. This 
type of heat transferred were analytically solved in where it 
was shown that the steady rate of heat dissipated can be 
described by Q-Sk(T-T), where the coefficient of thermal 
conductivity of the tissue was k=0.2 W/mK and the conduc 
tion shape factor, 

D = 0.04 m, . 
1 - 0.25 

Z 

0105 For example, in a steady state condition, the rate of 
photo-generated heat deposited in the tumor is equal to the 
rate of heat dissipation from the tumor due to conduction. 
Hence, Q-PA where the incoming laser radiation absorption 
of the nanorods in the tumor, A=1-T. was assumed 
to be 80%. From this equation, the value of laser power 
necessary to heat the tumor to required temperature 333K was 

Sk(T-T P = * - 2 = 0.24 W. 

0106 The cross section of absorption of gold nanorods, 
o, 5.5x10' cm, with appropriate aspect ratio ~4 was 
obtained from the cross section of extinction for gold nano 
rods O, O,+O-6x10' cm and ext sees 

Cabs 
= 0.1. 

Oscat 

The calculated concentration of nanorods in the tumor 
enabling 80% absorption of incoming light was 

ln(1 - A) 10-3 
-OD = 5.85 x 10'cm. NANR = 

0107 The needed concentration of gold nanorods in a 
solution with a volume, V 50 L, was calculated by 
using the concentration of gold nanorods needed in the tumor 
with a volume, V =0.065 cm =65 uL: it for 

NAuNRX Vumor NSolution = = 7.6X 100cm3. 
Volution 

0108. The concentration of gold nanorods in a 50 u, solu 
tion needed to photothermally increase the tumor temperature 
to 333 K using 240 mW NIR laser output power was 7.6x10' 
cm (7.6x10" nanorods/mL). This approximation was used 
to guide the experimental parameters for the in vivo near 
infrared photothermal therapy. 
0109 Exemplary implementations were performed to 
demonstrate the disclosed predictive calculations model. The 
exemplary implementations included the fabrication and 
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functionalization of gold nanorods, e.g., Summarized as fol 
lows. Stock Solutions Preparation: 30 mL of HPLC grade 
water was cooled to 0° C. Solutions of 1 mM Gold (III) 
chloride trihydrate, (HAuCl3HO) (Sigma-Aldrich, St. 
Louis, Mo.), 200 mM cetyltrimethylammonium bromide 
(CTAB) (Sigma-Aldrich, St. Louis, Mo.), 78.8 mM Ascorbic 
acid, and 32 mM AgNO (Sigma-Aldrich, St. Louis, Mo.) 
were prepared. A hot-water bath, less than 50° C., was used to 
dissolve CTAB in solution. Ice-cold water was rapidly added 
to the 10 mM NaBH and the solution was returned to ice. 
Seeds Solution Preparation: 2.5 mL of 1 mM HAuCl4.3H2O: 
5 mL of 200 mM CTAB; and 0.6 mL of ice-cold 10 mM 
NaBH were incubated at room temperature (25°C.) for 2 
hours before use. Growth Solution Preparation: 20 mL of 1 
mM HAuCl3HO and 20 mL of 200 mMCTAB were com 
bined with various amounts of 32 mM AgNO, 78.8 mM 
Ascorbic acid, and seed solution. Once the solution color was 
a deep pink, the nanorods were allowed to grow undisturbed 
for 2 hours at room temperature. 
0110 Gold nanorods were fabricated with the surfactant, 
CTAB, as a capping agent to control the size of the nanorod. 
Poly-ethylene glycol (PEG) replaced the CTAB on the sur 
face of nanorods in a process known as PEGylation whereby 
the nanorods are PEGylated. PEGylation was advantageous 
because it increased nanorod biocompatibility and stability, 
decreased immunogenicity and adsorption to the negatively 
charged luminal Surface of blood vessels, and Suppressed the 
non-specific binding of charged molecules. During the CTAB 
removal process, the nanorods were centrifuged (7000 g, 20 
min), decanted, and the pellet was resuspended in various 
amounts of 100 mM PBS depending on tumor size. The 
nanorods were then biofunctionalized, PEGylated using 1 
mM of thiol-terminated methoxy-poly-ethylene glycol 
(PEG) (MW=5000, Nanocs, New York, N.Y.) and 2 mM of 
Potassium Carbonate (Acros, Fair Lawn, N.J.) and incubated 
overnight. A covalent bond was formed between the thiol 
group of PEG and the Surface of the gold nanorod replacing 
the CTAB. A VersaMax microplate reader was used to deter 
mine the relative optical density and concentration of the 
nanorods. The measured range of concentrations of the 
PEGylated nanorods was CONC=1.12-4.41 mg/mL. 
The range of optical densities of the PEGylated nanorods was 
OD=2.06-8.24 (-3.75x10'-1.50x10' AuNRS/mL) 
and the solution with O.D.—4.18 (7.6x10' AuNRS/mL) was 
utilized in the majority of experiments. The average peak of 
the plasmon resonance absorption maximum of different 
batches of gold nanorods was v-784 nm as measured by 
UV-VIS-NIR Spectrophotometer. Gold nanorods were exam 
ined for structure, consistency, and efficiency by Transmis 
sion Electron Microscope (TEM) using carbon only copper 
grids, uranyl acetate stain, and a FEI TecnaiT1280 kV or 120 
kV (Twin TEM, Hillsboro, Oreg.). Digital images of the gold 
nanorods and conjugates were captured on an AMT 2k cam 
era (Danvers, Mass.). UV-VIS-NIR Spectrophotometer was 
used to measure percent transmittance and calculate the plas 
mon resonance absorption maxima. 
0111 For example, Cal 27, ahead and neck squamous cell 
carcinoma (HNSCC) line, was maintained in Dulbecco's 
Modified Eagle Medium containing 10% fetal bovine serum, 
Supplemented with L-glutamine, penicillin, and streptomycin 
and incubated at 37°C. in 5% CO. Approximately 1x10°Cal 
27 cells/100 uL of serum free media were injected subcuta 
neously for in vivo experiments and allowed to grow until 
tumor reached ~5 mm in diameter. 
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0112 The tumor was radially injected at multiple sites 
with PEGylated nanorods, 10-50 uL. Photothermal therapy of 
tumors was performed within thirty minutes of AuNR injec 
tion. A continuous wave NIR semiconductor diode laser 
(SDL, Inc, San Jose, Calif., 8350) was used to irradiate the 
tumors for a single 10-minute exposure time, 785 nm wave 
length, 9.5 W/cm fluence (e.g., illustrated in FIGS. 12A 

Nanorods + Laser 
vs. No Treatment 
Nanorods + Laser 
vs. Laser Only 
Nanorods + Laser 
vs. Nanorods Only 

12C). The beam diameter was adjusted to be approximately 
equal to the diameter of the tumor. 
0113 FIGS. 12A-12C show exemplary schematic illustra 
tions of the disclosed injection and laser irradiation method. 
For example, FIG. 12A shows multiple intratumoral injec 
tions of PEGylated gold nanorods (inlet: the TEM images of 
gold nanorods) followed by, as shown in FIG. 12B, a 
10-minute near infrared laser irradiation of tumor and result 
ing in, as shown in FIG. 12C, tumor discoloration eventually 
leading to tumor regression. 
0114 Tumor response was captured with photography, 
measured with digital calipers and calculated based on the 
change from the original Volume. Exemplary implementa 
tions also include utilizing euthanized mice and removing 
tumors or remaining scars to evaluate the combined effect of 
AuNRs and the NIR laser in comparison to the control 
groups: no treatment, laser only, and AuNRS only. For histol 
ogy, five micron sections of the formalin-fixed, paraffin-em 
bedded blocks of were mounted onto slides and heated to 60° 
C. for 2 hr. The sections were rehydrated in three baths of 
Xylenes and graded alcohols and stained with silver intensi 
fication followed by hematoxylin and light eosin. 
0115 The combined effect of directly injecting gold nano 
rods into Subcutaneous tumors followed by a single 
10-minute treatment with NIR light caused tumor regression. 
The overlap in the NIR spectral range of the laser emission 
wavelength and the plasmon resonance absorption resulted in 
rapid electron oscillation and Subsequent local heat genera 
tion transferred to the Surrounding tumor. The consequent 
tumor growth rates, resulting from no treatment (n=4), laser 
only (n=4), AuNRs only (n=3), and the combination of 
AuNRs and laser treatment (n=6), were compared. The tumor 
sizes were normalized on day 1 as 100% and any growth or 
regression was taken as change from the initial Volume. FIG. 
13 shows the measured change in tumor volume over 10 days 
under different treatment conditions. The observable differ 
ences in each of the treatment groups were further analyzed 
for statistical significance on each day, shown in Table 1, and 
on day 10 with histology, shown in FIG. 14. 
0116. A statistically significant difference in the tumor 
Volume was observed after an intratumoral gold nanorod 
injection and one 10-minute laser irradiation, as compared to 
the control groups starting on the day after treatment (day 2), 
and was maintained for the duration of the implementation. 
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The combination treatment resulted in gradual tumor regres 
sion and an apparent elimination of the tumor. 
0117 Table 1 shows exemplary p-values of a one-way 
analysis of variance (ANOVA) of the combination of gold 
nanorods and NIR laser irradiation treatment as compared to 
the other treatment groups at different days. p-0.05 indicates 
a significant difference between groups, denoted by *. 

1 2 3 5 7 9 10 

NaN 0.0009* O.OOO8* <0.00018 0.0004* <0.0001* <0.0001: 

NaN O.O199* O.O2O1* O.OO2* O.OO44* O.OO52* O.OO28* 

NaIN OO1278 O.OO39* 0.0099* O.O473* O.O324* O.O1788 

0118 FIG. 13 shows exemplary data demonstrating a 
Summary of tumor regression over 10 days comparing the 
combination treatment to the control groups. The * indicates 
a statically significant difference between groups. The exem 
plary error bars are from standard deviation, plus and minus 
one standard deviation. 

0119 The tumor volume in the no treatment group 
increased to nearly triple the original Volume. The tumors 
sustaining a 10-minute NIR laser treatment, in the laser only 
group, grew to approximately double the original Volume, 
displaying modified growth patterns. The difference between 
the laser only and the no treatment groups was not statistically 
significant, e.g., NIR light can be considered completely 
benign because it did not cause cell death. 
0.120. The tumors directly injected with PEGylated gold 
nanorods without any laser exposure (nanorod only) showed 
inhibited growth patterns, roughly maintaining the original 
Volume. The nanorod only treatment group did not display the 
growth patterns observed in the other control groups, yet the 
Volume was significantly larger than the combination treat 
ment group. These exemplary results were inconsistent with 
the in vitro results previously described that confirmed the 
non-cytotoxic behavior of PEGylated gold nanoparticles. In 
retrospect, an intratumoral saline injection treatment group 
would have provided insight into the effects observed in the 
nanorod only group. It is possible that the injection itself, not 
the nanorods, inhibited tumor growth by providing injury to a 
blood vessel thus limiting the nutrient Supply necessary for 
viable tumor growth. 
I0121 Further examination provides insight into the 
microscopic consequences of each of the treatment groups 
measured in FIG. 13. The histology of these representative 
resected tumors (FIG. 14) was evaluated by a board certified 
pathologist (WEG). 
0.122 FIG. 14 shows exemplary histology data of repre 
sentative tumors resected 10 days comparing all treatment 
groups. FIG. 14 panel (A) shows the no treatment group, e.g., 
showing viable tumor tissue. FIG. 14 panel (B) shows the 
laser only group, e.g., showing viable tumor tissue. FIG. 14 
panel (C) shows the nanorods only group, e.g., showing 
mostly viable tumor tissue. FIG. 14 panel (D) shows the 
combination treatment group, e.g., showing no tumor, Scar 
tissue and inflammatory cells. The exemplary color delinea 
tion in FIG. 14 include, e.g., hematoxylin (blue) stains for 
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nuclei, eosin (pink) stains for cytoplasm, and silver intensifi 
cation (black) stains for gold nanoparticles indicated by 
aOWS. 

0123. The resected tumor from the no treatment group, 
FIG. 14 panel (A), was used as the standard to identify the 
structure of viable tumor and the biological noise present 
throughout the treatment groups. The tumor characteristics 
include tightly compacted cells with clear cell boundaries 
indicating intact cytoplasm (pink) around a nucleus (purple). 
The presence of mitosis indicates tumor proliferation yet 
Some intrinsic tumor death indicates ischemia generally 
caused by complications with blood vessels, resulting in dam 
age to the tissue (inset image of FIG. 14 panel (A)). 
0.124. The characteristics of the laser only tumor are con 
sistent to the general characteristics of the no treatment tumor 
(FIG. 14 panel (B)) showing mitosis and intact nuclei and 
cytoplasm (inset image of FIG. 14 panel (B)). With the 
assumption that the PEGylated AuNRs are biologically inert, 
the damage shown in FIG.14 panel (C) can be attributed to the 
superficial blood vessel injury likely due to the injection 
puncture, not the nanorods. This may be the reason for a lack 
of mitotic cell occurrence as well. There is a tract of gold 
nanorods (inset image of FIG. 14 panel (C)) in an area of 
disruption near the disturbed blood vessels. This assumption 
is further supported by the consistency of the rest of the tumor 
with the structure found in FIG. 14 panels (A) and (B) of the 
no treatment and laser only treatment groups, respectively. 
0125. After the combination treatment, the remains of the 
tumor were found in the area under the scab and examined for 
histology (FIG. 14 panel (D)). It appears that there was no 
residual tumor; the epithelial and hair follicles were dam 
aged; and scar tissue, areas of repair, and inflammatory cells, 
instrumental in the healing process, were present. The struc 
tures of the tumor remnants (inset image of FIG.14 panel (D)) 
were very different from the compacted cells of the viable 
tumor in FIG. 14 panels (A) and (B) and nanorods were 
visible in the area of damage. 
0126 For example, tumor recurrence may be reduced 
when the tumor is treated at the root, e.g., analogous to weeds 
in a garden. With PTT, similar to other treatments, it is most 
effective if the tumor is completely treated especially at the 
interface with healthy tissue. The disclosed technology may 
be used to address tumor regrowth, for example, as tumor 
regrowth is still important to treat the whole tumor and the 
root to see dramatic tumor regression and to reduce recur 
rence potential. 
0127. Significant tumor reduction was observed after the 
combination treatment of AuNRs and laser but was not 
observed for any other treatment group. Various amounts, 
10-50 uL., of the working concentration of AuNRs were 
injected into the tumor followed by the 10-minute laser treat 
ment. There were no observable differences in tumor regres 
sion for different volumes of AuNRs used thus no dose curve 
was established here. The photographic images in FIG. 15 
panels (A)-(N) capture the rapid disintegration of the tumor 
after direct injection with gold nanorods followed by a one 
time 10-minute laser treatment. These photographs were 
taken at the on the first day, before and after treatment, then 
daily until the 15" day after treatment. The tumor experi 
enced immediate discoloration after treatment. The days after 
the laser treatment showed continued tumor regression and 
healing. This was representative of all of the tumors treated in 
conducted tests. 
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I0128. Acute damage was observed for the combination 
treatment reaching temperatures of ~60° C. The external 
appearance of black discoloration of the tumor was likely due 
to the blood from thermally disrupted vessels. 
I0129 FIG. 15 shows exemplary photographic images of 
mouse tumor. In FIG. 15, panel (A) shows Day 1 before 
treatment; panel (B) shows Day 1 after treatment with directly 
injected PEGylated gold nanorod and one time 10 minute 
NIR laser irradiation; panel (C) shows Day 2; panel (D) shows 
Day 3: panel (E) shows Day 4: panel (F) shows Day 5; panel 
(G) shows Day 6: panel (H) shows Day 7: panel (I) shows Day 
8; panel (J) shows Day 9: panel (K) shows Day 10; panel (L) 
shows Day 11; panel (M) shows Day 13; and panel (N) Day 
15. The width of the exemplary cropped pictures is 19.05mm 
(0.75 in.). 
0.130. The tumor on the day after treatment, as presented in 
FIG. 15 panel (C), correlates to FIG. 16A which shows the 
histology of abrupt tumor damage. The tumor indicates 
coagulation and damage to the skin and hair follicles. The 
level of cellular destruction is obvious in FIG. 16A inlet 
which highlights the blood vessel damage and the red blood 
cells in the tumor. 
I0131 FIGS. 16A and 16B show histology images of tumor 
directly injected PEGylated gold nanorod with laser treat 
ment excised at different time points after treatment day 2 (as 
shown in FIG. 16A) and treatment day 15 (as shown in FIG. 
16B). Exemplary arrow indicates nanorods inside macroph 
age cell. 
(0132) For example, it is likely that the destruction of blood 
vessels (e.g., leading to apoptosis), in addition to the imme 
diate temperature damage (e.g., leading to necrosis), may 
cause the continued tumor reduction that was observed over 
the duration of the implementation. The corresponding his 
tology of the tumor from 15 days after the single combination 
treatment (FIG. 15 panel (N)) is shown in FIG. 16B. For 
example, there is no indication of viable tumor; only inflam 
matory cells, scar tissue and intact skin. The presence of 
macrophages (brown) appearing to contain gold nanorods 
and red blood cells is an indication of necrotic debris removal 
and repair. 
0133. There were several mechanistic variations of the 
combination treatment that resulted in tumor regression. The 
combination of the nanorods and laser was local; exposing 
only half of a uniformly injected tumor to the NIR laser 
resulted in regression of the laser treated half of the tumor. 
Compromised effects of the injection dose were not observed 
by using different Volumes or concentrations of nanorods. 
The nanorod distribution throughout the tumor and the appro 
priate diameter of the laser were essential in obtaining uni 
form results. After receiving the combination treatment, 8 of 
the 10 tumors showing ~100% regression, as measured by 
calipers, were deemed tumor free by histology. 
0.134 FIG. 17 shows exemplary histology images of 
tumor present after combination treatment of direct injection 
of PEGylated gold nanorods and 10 min NIR laser irradiation, 
showing scar tissue, inflammatory cells, gold nanorods, and 
both damaged and viable tumor. The exemplary arrow indi 
cates silverintensification of gold nanorods in region of dam 
age. 
I0135) In the other 2 cases, the external appearance was of 
tumor regression, Scaring and healing but histology showed 
the regeneration of the skin, epithelial, fat, and muscle, as 
well as viable tumor under the scar (FIG. 17). These outcomes 
indicate that the nanorod distribution throughout the tumor, 
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especially at the root, was not sufficient since the irradiation 
diameter was slightly larger than the tumor diameter, margin 
ally treated tumor was adjacent to an area of damage, and an 
abundance of nanorods were present in the treated area (inlet 
image of FIG. 17). The evidence was insufficient to confi 
dently determine whether the post-treatment presence of the 
tumor was due to a lack of regression or a local recurrence. In 
the majority of cases (8 of 10), one combination treatment 
was adequate to obtain complete tumor regression without 
incident of recurrence within 10-15 days. The other 2 cases, 
even without uniform nanorod distribution, would have ben 
efited from more than one laser treatment. 

0136. Described is an exemplary protocol to calculate the 
concentration of exemplary nanorods and output power of the 
laser, e.g., based on a disclosed conductive model of heat 
dissipation from the tumor. Implementations of the exem 
plary conductive model of heat dissipation from the tumor 
were performed and found to be in agreement with exemplary 
PTT experimental results. For example, ~100% reduction in 
tumor Volume was demonstrated from implementation of 
direct gold nanorod injections followed by a one-time 10 
minute laser treatment. This exemplary technique of gold 
nanorod and laser therapy resulted in statistically significant 
tumor reduction in comparison to the control groups: no 
treatment (p<0.0001), laser only (p=0.0028), and gold nano 
rod only (p=0.0178) 10 days after treatment. The described 
exemplary implementations used exemplary oral squamous 
carcinoma and demonstrated efficacy of the intratumoral 
injection of gold nanorods and Subsequent photothermal 
treatment of tumors approach, e.g., which can be applied for 
a variety of carcinomas. For example, other exemplary 
tumors to implement the disclosed technology can include 
head and neck, colorectal, ovarian, skin, cervical, breast, 
bladder, pancreatic, and prostate cancers, e.g., because they 
are readily scope accessible and within the 10 cm penetration 
depth ofNIR light. For example, the disclosed technology can 
provide an effective tumor therapy treatment for primary and 
early stage tumors, and can also be implemented in combi 
nation with early detection and imaging mechanisms. The 
disclosed technology can also be used in clinical applications, 
e.g., in which the disclosed nanoparticles and PTT may be 
used in combination with drug conjugates and the current 
standards of care. 

0137 FIG. 18A shows a process 1800 of an exemplary 
protocol for photothermal therapy based on the predictive 
calculations of the disclosed technology. The process 1800 
includes a process 1801 to implement the predictive calcula 
tions of the disclosed technology that can be used in perform 
ing a photothermal therapy of the disclosed technology. The 
process 1801 can include a process 1810 to determine tumor 
characteristics, a process 1820 to determine the target tem 
perature to produce at the tumor, a process 1830 to determine 
the nanoparticle parameters, and a process 1840 to determine 
the laser output parameters. The process 1800 can also 
include a process 1850 to perform nanoparticle injection and 
laser irradiation and/or a process 1860 to image the tumor, 
e.g., based on implementation of process 1801. The process 
1800 can also include repeating the process 1801 before, 
during, or after implementation of the process 1850 or the 
process 1860. The processes 1810, 1820, 1830, and 1840 of 
the process 1801 can be performed in the exemplary sequence 
described in FIG. 18A, or in other sequences not shown in the 
exemplary figure. 
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0.138. For example, the process 1810 can include charac 
terizing the diameter (D) of the exemplary tumor, volume 
(V) of the exemplary tumor, shape (S) of the exemplary 
tumor, and depth of the exemplary tumor beneath the skin (Z). 
For example, FIG. 19 shows an exemplary tumor model that 
can be used in process 1810 of the exemplary predictive 
calculations for photothermal therapy. 
0.139. For example, the process 1820 can be implemented 
to determine the target temperature to produce the desired 
effect on the tumor, e.g., to induce tumor death. For example, 
the process 1820 can include determining the target tumor 
temperature (T) used for the desired treatment effect (e.g., 
protein denaturation, coagulation, and/or carbonization). 
0140 For example, the process 1830 can include a process 
1831, a process 1832, and a process 1833, shown in FIG. 18B. 
The process 1831 can include determining nanoparticle prop 
erties, e.g., in which exemplary nanoparticle properties can 
include type or shape (e.g., rods, spheres, cones, cages, cubes, 
tubes, as well as other shapes), size, material (e.g., gold, 
silver, iron, carbon, silicon, as well as other materials), aspect 
ratio (e.g., length/diameter), and value of the cross-section of 
absorption. The process 1831 can include determining the 
cross-section of absorption of the designed nanoparticle. For 
example, the process 1831 can include configuring the nano 
particle to have a plasmon resonance absorption to overlap 
with the laser emission wavelength (e.g., used for photother 
mal therapy), e.g., which can enable interaction selectivity 
between the nanoparticle and the laser based on the charac 
teristics of the nanoparticle. For example, the nanoparticle 
parameters can be configured to have a plasmon resonance 
peak at 785 nm, a wavelength to which a near infrared laser 
emission wavelength for a photothermal therapy application 
can also be configured. This exemplary configuration can be 
optimal in terms of the large depth of penetration through 
both normal and tumor tissue, as well as for fabrication of 
exemplary gold nanorods at a specific size, e.g., a 4:1 aspect 
ratio. The process 1832 can include determining nanoparticle 
concentration to deliver to the exemplary tumor. For example, 
the process 1832 can include calculating the nanoparticle 
concentration in the tumor, e.g., 

-In Dini As NNp = 

based on 50-100% nanoparticle absorption of light through 
the exemplary tumor, A, and cross-section of absorption for 
the nanoparticle. The process 1833 can include determining 
nanoparticle concentration of the exemplary injection solu 
tion. For example, the process 1833 can include calculating 
the nanoparticle concentration of the exemplary injection 
Solution, e.g., 

NNPVunor 
Nsolution = W 

solition 

0141 For example, the process 1840 can include calculat 
ing the laser output power, e.g., 

Sk(T-T P = (T 22, 
A 
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using the heat dissipation analysis for conductivity model and 
the conductive shape factor, e.g., 

D 
1 - 0.25 

Z 

for a spherical tumor. 
0142 For example, the process 1850 can include perform 
ing a uniform distribution injection and laser irradiation to 
enable treatment of tumor, e.g., including tumor margins. For 
example, the process 1860 can include imaging the tumor, 
e.g., using fluorescent imaging of the fluorophore-conjugated 
functionalized nanoparticles (e.g., PEGylated nanorods con 
jugated to targeting ligands). In some examples, the use of 
magnetic resonance imaging (MRI) can be used to implement 
the process 1860. The process 1800 can include implemen 
tation of process 1850 while not implementing the process 
1860, and in turn the process 1800 can include implementa 
tion of process 1860 while not implementing the process 
1850. 
0143 Exemplary methods, processes, and techniques 
described in the process 1801 to disclosed photothermal 
therapy using nanoparticles can be performed on systems and 
devices, e.g., a computerized system that can perform the 
predictive calculations of the process 1801, and in some 
examples, also control the laser irradiation and imaging sys 
tems in the process 1800. For example, the exemplary com 
puterized system can include a processor that can be in com 
munication with an input/output (I/O) unit, an output unit, 
and a memory unit. The exemplary processing unit can be 
implemented as one of various data processing systems. Such 
as a personal computer (PC), laptop, tablet, and mobile com 
munication device. To support various functions of the exem 
plary processing unit, a processor can be included to interface 
with and control operations of other components of the pro 
cessing unit, Such as the exemplary I/O unit, the exemplary 
output unit, and the exemplary memory unit. 
0144. To Support various functions of the processing unit, 
memory unit can store other information and data, Such as 
instructions, Software, values, images, and other data pro 
cessed or referenced by the processor. Various types of Ran 
dom. Access Memory (RAM) devices, Read Only Memory 
(ROM) devices, Flash Memory devices, and other suitable 
storage media can be used to implement storage functions of 
memory unit. The exemplary memory unit can store data and 
information for the process 1801. Memory unit can store data 
and information that can be used to implement a photother 
mal therapy, e.g., included in process 1800 and that can be 
generated from the predictive calculations, algorithms and/or 
models of the process 1801. 
0145 To support various functions of the processing unit, 
the exemplary I/O unit can be connected to an external inter 
face, source of data storage, or display device. Various types 
of wired or wireless interfaces compatible with typical data 
communication standards, such as Universal Serial Bus 
(USB), IEEE 1394 (FireWire), Bluetooth, IEEE 802.111, 
Wireless Local Area Network (WLAN), Wireless Personal 
Area Network (WPAN), Wireless Wide Area Network 
(WWAN), WiMAX, IEEE 802.16 (Worldwide Interoperabil 
ity for Microwave Access (WiMAX)), and parallel interfaces, 
can be used to implement I/O unit. I/O unit can interface with 
an external interface, Source of data storage, or display device 
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to retrieve and transfer data and information that can be pro 
cessed by the processor, stored in the memory unit, or exhib 
ited on the output unit. 
0146 To Support various functions of the processing unit, 
the output unit can be used to exhibit data implemented by the 
exemplary processing unit. The output unit can include vari 
ous types of display, speaker, or printing interfaces to imple 
ment the exemplary output unit. For example, the output unit 
can include cathode ray tube (CRT), light emitting diode 
(LED), or liquid crystal display (LCD) monitor or screen as a 
visual display to implement the output unit. In other 
examples, the output unit can include toner, liquid inkjet, 
solid ink, dye sublimation, inkless (such as thermal or UV) 
printing apparatuses to implement the output unit; the output 
unit can include various types of audio signal transducer 
apparatuses to implement the output unit. The output unit can 
exhibit data and information, such as patient diagnostic and 
treatment data, laser irradiation, imaging, and/or computer 
system machine information, partially processed data pro 
cessing information, and completely processed data process 
ing information, among other types and forms of data and 
information. The output unit can store data and information 
used to implement a photothermal therapy process and from 
an implemented photothermal therapy process, e.g., Such as 
the process 1800. 
0.147. In another aspect, a hand-held medical treatment 
device is disclosed for eliminating cancerous cells in the 
body, e.g., which can be used to perform photothermal treat 
ment of malignant tumors. 
0.148. In one exemplary embodiment, the hand-held medi 
cal treatment device to administer photothermal therapy to 
target cells and tissue in the body includes Surgical cameras 
(e.g., fiber optical cameras or imaging devices) that enter into 
the body via an insertion component and obtain two- and/or 
three-dimensional images, e.g., which can be used to obtain 
size, density, and make other necessary calculations. The 
exemplary device can include one or more other fibers with 
special end characteristics that are inserted in the body. For 
example, the end of such fiber(s) can include a coherent light 
Source (e.g., a laser) to be used by a user (e.g., a Surgeon) to 
provide light energy directly at the target. The light energy 
can be used to provide thermal injury to Surrounding cancer 
cells/malignant tumors, for example, but only has a short 
radius of execution (e.g., depth of penetration). 
0149 For example, the photothermal treatment instru 
ment can be implemented to only kill cells (e.g., provide 
thermal injury) within dimensions specified with the optical 
camera, e.g., as opposed to chemotherapy and radiation thera 
pies that provide little to no precision. For example, chemo 
therapy and radiation can be devastating to the patients over 
all lifestyle and health (e.g., particularly relevant for children 
and the elderly). The disclosed photothermal therapy treat 
ment instrument can provide a localized treatment designed 
particularly for tumors and large masses of cancer, including 
primary tumors that have not yet metastasized. 
0150. The exemplary photothermal treatment device can 
include another camera or other imaging modality device to 
see the physical and microscopic (cancer versus non-cancer 
ous) aspects of a tumor. For example, this can determine if 
there are any cancerous cells and how much of the cancerous 
cells are remaining after treatment. Implementation of the 
device in Such a manner is much more effective than scraping 
techniques. 
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0151. In some implementations, the device can be used to 
change the light Source to produce a more destructive opti 
cal energy, e.g., Such as NIR light combined with the admin 
istered gold nanorods. For example, a macromizer can be 
used to see where to align the instrument to target the region 
having the cancer cells and provide thermal injury to the 
malignant tumor. In some instances, some cells around the 
targeted tumor may be injured, but this would be far less 
devastating to the body than chemotherapy, intraoperative 
Surgery, and radiation therapy. In some embodiments of the 
device, the device could be used to administer chemicals or 
radiation, e.g., coupled into the optical fiber and focused to a 
narrow beam to target the cancerous area. 
0152 The device can include an adjustable insertion com 
ponent having a reflective backing, in which the adjustable 
insertion component can be inserted at controlled depths into 
the body and provide a source to control the penetration depth 
of the laser beam from the light source. In some examples, the 
adjustable insertion component can include a light stop 
mechanism including a metallic Surface to provide a terminal 
depth to the laser penetration. In other examples, the adjust 
able insertion component can include a tube having an orifice 
to provide direct injection of the disclosed photothermal 
functionalized (or nonfunctionalized) biocompatible nano 
rods into the target tissue. For example, incorporating optical 
fiber for delivery of the laser to tumors that are not subcuta 
neous can enhance the disclosed direct injection methods, 
e.g., which can provide greater precision and efficiency of 
tumor injury for such treatments beyond the 10 cm depth of 
penetration of near infrared light. 
0153 FIG.20 shows a schematic diagram of an exemplary 
instrument to administer a photothermal therapy treatment. 
The instrument includes a casing structure including a cham 
ber component coupled to a handle component. The chamber 
includes an interior that provides a passageway of one or more 
optical fibers to provide light, e.g., coherent light from a laser 
at particular wavelengths (e.g., which can be in the near 
infrared spectral range) from via a light source input of the 
instrument. In some implementations, the instrument can 
include an adapter device to assist the coupling of the laser 
light into the optical fiber(s). The instrument includes the 
adjustable insertion component, which can include a hose 
like/flexible nozzle with optical fiber inside to enable light 
delivery to non-superficial target tissue. The handle of the 
casing structure includes a trigger component (e.g., which can 
be configured as a dial) to control initiation, duration, and 
conclusion of the photothermal treatment, as well as control 
output power and intensity of the laser. For example, in some 
implementations, the trigger component can be used to pro 
vide pulses, polarization, etc. The adjustable insertion com 
ponent can be adjusted to the size of tumor. In the example of 
the instrument including the light stop mechanism, the metal 
lic surface can be deployed on the other side of the space 
tending to the size of the tumor. In the example of the photo 
thermal nanorods, the nanostructures can be directly injected 
into the tumor using the adjustable insertion component to 
extend a controlled depth where the targeted tissue is located. 
In some implementations, the device further can include an 
aspirator, e.g., to remove Substances away from the targeted 
region. 
0154 Implementations of the subject matter and the func 
tional operations described in this specification, such as Vari 
ous modules, can be implemented in digital electronic cir 
cuitry, or in computer Software, firmware, or hardware, 
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including the structures disclosed in this specification and 
their structural equivalents, or in combinations of one or more 
of them. Implementations of the subject matter described in 
this specification can be implemented as one or more com 
puter program products, i.e., one or more modules of com 
puter program instructions encoded on a tangible and non 
transitory computer readable medium for execution by, or to 
control the operation of data processing apparatus. The com 
puter readable medium can be a machine-readable storage 
device, a machine-readable storage substrate, a memory 
device, a composition of matter affecting a machine-readable 
propagated signal, or a combination of one or more of them. 
The term “data processing apparatus' encompasses all appa 
ratus, devices, and machines for processing data, including by 
way of example a programmable processor, a computer, or 
multiple processors or computers. The apparatus can include, 
in addition to hardware, code that creates an execution envi 
ronment for the computer program in question, e.g., code that 
constitutes processor firmware, a protocol stack, a database 
management system, an operating system, or a combination 
of one or more of them. 

0.155. A computer program (also known as a program, 
Software, Software application, Script, or code) can be written 
in any form of programming language, including compiled or 
interpreted languages, and it can be deployed in any form, 
including as a stand alone program or as a module, compo 
nent, Subroutine, or other unit Suitable for use in a computing 
environment. A computer program does not necessarily cor 
respond to a file in a file system. A program can be stored in 
a portion of a file that holds other programs or data (e.g., one 
or more scripts stored in a markup language document), in a 
single file dedicated to the program in question, or in multiple 
coordinated files (e.g., files that store one or more modules, 
Sub programs, or portions of code). A computer program can 
be deployed to be executed on one computer or on multiple 
computers that are located at one site or distributed across 
multiple sites and interconnected by a communication net 
work. 

0156 The processes and logic flows described in this 
specification can be performed by one or more programmable 
processors executing one or more computer programs to per 
form functions by operating on input data and generating 
output. The processes and logic flows can also be performed 
by, and apparatus can also be implementedas, special purpose 
logic circuitry, e.g., an FPGA (field programmable gate array) 
or an ASIC (application specific integrated circuit). 
0157 Processors suitable for the execution of a computer 
program include, by way of example, both general and special 
purpose microprocessors, and any one or more processors of 
any kind of digital computer. Generally, a processor will 
receive instructions and data from a read only memory or a 
random access memory or both. The essential elements of a 
computer are a processor for performing instructions and one 
or more memory devices for storing instructions and data. 
Generally, a computer will also include, or be operatively 
coupled to receive data from or transfer data to, or both, one 
or more mass storage devices for storing data, e.g., magnetic, 
magneto optical disks, or optical disks. However, a computer 
need not have such devices. Computer readable media Suit 
able for storing computer program instructions and data 
include all forms of non Volatile memory, media and memory 
devices, including by way of example semiconductor 
memory devices, e.g., EPROM, EEPROM, and flash memory 
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devices. The processor and the memory can be supplemented 
by, or incorporated in, special purpose logic circuitry. 
0158 While this patent document contains many specif 

ics, these should not be construed as limitations on the scope 
of any invention or of what may be claimed, but rather as 
descriptions of features that may be specific to particular 
embodiments of particular inventions. Certain features that 
are described in this patent document in the context of sepa 
rate embodiments can also be implemented in combination in 
a single embodiment. Conversely, various features that are 
described in the context of a single embodiment can also be 
implemented in multiple embodiments separately or in any 
suitable subcombination. Moreover, although features may 
be described above as acting in certain combinations and even 
initially claimed as Such, one or more features from a claimed 
combination can in Some cases be excised from the combi 
nation, and the claimed combination may be directed to a 
Subcombination or variation of a Subcombination. 
0159. Similarly, while operations are depicted in the draw 
ings in a particular order, this should not be understood as 
requiring that such operations be performed in the particular 
order shown or in sequential order, or that all illustrated 
operations be performed, to achieve desirable results. More 
over, the separation of various system components in the 
embodiments described above should not be understood as 
requiring Such separation in all embodiments. 
0160 Only a few implementations and examples are 
described and other implementations, enhancements and 
variations can be made based on what is described and illus 
trated in this patent document. 
What is claimed is: 
1. A device for producing a photothermal effect, compris 

ing: 
a particle having a molecular layer functionalized onto the 

external surface of the particle and structured to attach to 
one or more targeting molecules capable of binding to a 
receptor site of a cell, wherein the particle is configured 
to absorb light energy at a particular wavelength to pro 
duce a plasmon resonance effect that causes the particle 
to emit heat energy. 

2. The device of claim 1, wherein the one or more targeting 
molecules include tumor-targeting antibodies including an 
anti-epidermal growth factor receptor antibody. 

3. The device of claim 2, wherein the device is deployed in 
an organism having a tumor that includes a plurality of the cell 
and binds to the receptor site of the tumor by the targeting 
molecules, wherein the light energy is emitted at a region of 
the organism that contains the tumor, and wherein the heat 
energy causes cellular death of the tumor cell. 

4. The device of claim 1, wherein the particle has a length 
dimensions in a nanometer range. 

5. The device of claim 1, wherein the particle is configured 
from a material that includes at least one of gold, silver, iron, 
carbon, or silicon. 

6. The device of claim 1, wherein the particle is configured 
as at least one of a rod, sphere, cone, cage, cube, or tube. 

7. The device of claim 1, wherein the particle includes an 
aspect ratio of 4:1. 

8. The device of claim 1, wherein the particular wavelength 
is in a near infrared range. 

9. The device of claim 1, wherein the molecular layer 
includes polyethylene glycol. 

10. The device of claim 1, wherein the one or more target 
ing molecules are structured to attach a fluorophore. 
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11. A method for producing photothermal nanorods, com 
prising: 

fabricating nanorod structures, the nanorod structures con 
figured to absorb light energy at a particular wavelength 
to produce a plasmon resonance effect that causes the 
particle to emit heat energy; 

coating the nanorod structures with a biocompatible 
molecular layer, and 

conjugating the biocompatible molecular layer-coated 
nanorod structures with a targeting ligand and an imag 
ing agent to form functionalized photothermal nano 
rods, the conjugating including: 
determining a molar ratio of a cross-linking agent to the 

targeting ligand, 
adding the targeting ligand at a particular amount to a 

linker Solution containing the cross-linking agent to 
formaligand cross-linker solution, the linker Solution 
having a particular concentration of the cross-linking 
agent to comply with the determined molar ratio, 

adding the imaging agent at a particular amount to the 
ligand cross-linker Solution to form an imager ligand 
cross-linker Solution, and 

reacting the biocompatible molecular layer-coated 
nanorod structures with the imager ligand cross 
linker solution. 

12. The method of claim 11, wherein the biocompatible 
molecular layer includes polyethylene glycol. 

13. The method of claim 11, wherein the cross-linking 
agent includes long chain succinimidyl 6-(3-2-py 
ridyldithio-propionamido) hexanoate (LC-SPDP) and the 
linker solution includes dimethyl sulfoxide (DMSO), 
wherein the particular concentration of the LC-SPDP in the 
linker solution is 20 mM. 

14. The method of claim 11, wherein the adding the target 
ing ligand to the linker Solution includes incubating for about 
1 hour at room temperature. 

15. The method of claim 11, wherein the molar ratio of the 
cross-linking agent to the targeting ligand is 300:1 or within 
fifty percent of 300:1. 

16. The method of claim 11, wherein the particular amount 
of the imaging agent added to the ligand cross-linker Solution 
is in a range from 2 LL to 20 uL. 

17. The method of claim 11, wherein the reacting includes 
incubating at room temperature for at least eight hours. 

18. The method of claim 11, further comprising removing 
reaction byproducts formed during the conjugating. 

19. A method to perform predictive calculations of a pho 
tothermal therapy by direct injection of nanoparticles into a 
tissue, comprising: 

determining characteristics of a tissue in an organism, the 
characteristics of the tissue including a diameter of the 
tissue and a depth of the tissue beneath the outer surface 
of the organism; 

determining parameters of nanoparticles including a cross 
section absorption value corresponding to a light energy 
absorption wavelength and at least one of shape, size, 
material, and aspect ratio, wherein the nanoparticles are 
configured to attach to the tissue and undergo a plasmon 
resonance effect induced by light energy at the light 
energy absorption wavelength to emit heat energy; 

determining a concentration of the nanoparticles that are to 
be directly injected into the tissue; 

determining a temperature to induce within the tissue; 
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determining output parameters of a laser to emit light at 
wavelengths including the light energy absorption 
wavelength based at least in part upon the determined 
temperature and the determined parameters; 

calculating output power of the laser based at least in part 
upon one of heat dissipation and conductivity values 
within the tissue or shape factor values of the tissue; and 

calculating time of exposure of the laser on the tissue. 
20. The method of claim 19, wherein the light is emitted at 

a region of the organism that contains the tissue and the 
attached nanoparticles, and wherein the tissue is a tumor. 

21. The method of claim 20, wherein the heat energy 
causes cellular death of a plurality of cells of the tumor. 

22. The method of claim 19, wherein the characteristics 
further include a volume or a shape of the tissue. 

23. The method of claim 19, wherein the calculating time 
of exposure of the laser includes determining a time of dena 
turation of the tissue at the determined temperature to induce 
within the tissue. 

24. A photothermal nanostructure device, comprising: 
a structure structured in the form of a rod, sphere, cone, 

cage, cube, or tube having at least one dimension within 
a nanometer scale, the structure configured to absorb 
light energy at a particular wavelength to produce a 
plasmon resonance effect that causes the particle to emit 
heat energy; 

a biocompatible molecular layer formed on at least part of 
the exterior of the structure, and 

a molecular probe attached to the biocompatible molecular 
layer, the molecular probe including a targeting ligand 
conjugated to an imaging agent, the targeting ligand 
capable of binding to a receptor site of a cell, 

wherein the molecular probe is formed by determining a 
molar ratio of a cross-linking agent to the targeting 
ligand, adding the targeting ligandata particularamount 
to a linker Solution containing the cross-linking agent to 
form a ligand cross-linker solution, the linker Solution 
having a particular concentration of the cross-linking 
agent to comply with the determined molar ratio, and 
adding the imaging agent at a particular amount to the 
ligand cross-linker Solution to forman molecular probe 
in Solution. 

25. The device of claim 24, wherein the targeting ligand is 
a tumor-targeting antibody. 

26. The device of claim 25, wherein the tumor-targeting 
antibody includes anti-epidermal growth factor receptor anti 
body. 

27. The device of claim 24, wherein the device is deployed 
in an organism having a tumor that includes a plurality of the 
cell and binds to the receptor site of the tumor by the targeting 
ligand, wherein the light energy is emitted at a region of the 
organism that contains the tumor, and wherein the heatenergy 
causes cellular death of the tumor cell. 

28. The device of claim 27, wherein the device is deployed 
in the organism by direct injection into the tumor. 

29. The device of claim 24, wherein the structure is con 
figured from a material that includes at least one of gold, 
silver, iron, carbon, or silicon. 

30. The device of claim 24, wherein the structure includes 
an aspect ratio of 4:1. 
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31. The device of claim 24, wherein the particular wave 
length is in a near infrared range. 

32. The device of claim 24, wherein the biocompatible 
molecular layer includes polyethylene glycol. 

33. A hand-held device to administer a photothermal treat 
ment, comprising: 

a housing including a chamber component coupled to a 
handle component, the chamber including a hollowed 
interior; 

a light source input to receive coherent light at particular 
wavelengths from a light Source; 

one or more optical fibers configured in the hollowed inte 
rior and coupled to the light source input; 

an adjustable insertion component configured in the cham 
ber and capable of penetrating into tissue of a body to a 
distance, the adjustable insertion component including a 
passageway to extend the one or more optical fibers to 
the distance; 

a trigger to enable or disable the transmittance of the coher 
ent light from the device to a target tissue, and 

a fluidic channel configured in at least a portion of the 
chamber and through the adjustable insertion compo 
nent to deliver photothermal nanostructures directly to 
the target tissue. 

34. The device of claim 33, further comprising an adapter 
to optically couple the light Source generating the coherent 
light with the one or more optical fibers. 

35. The device of claim 33, further comprising an aspirator 
to remove Substances away from the target tissue. 

36. The device of claim 33, wherein the particular wave 
lengths include near infrared wavelengths. 

37. A method to administer a photothermal therapy by 
direct injection of nanoparticles into a tissue, comprising: 

injecting a photothermal nanoparticle device directly into a 
tumor in an organism, the photothermal nanoparticle 
device comprising a nanostructure having a molecular 
layer functionalized onto an external surface of the 
nanostructure, the nanostructure configured to absorb 
light energy at a particular wavelength to produce a 
plasmon resonance effect that causes the nanostructure 
to emit heat energy; and 

emitting the light energy at a region of the organism that 
contains the tumor, 

wherein the heatenergy causes cellular death of cells of the 
tumor. 

38. The method of claim 37, wherein the molecular layer is 
functionalized to the nanostructure at a concentration in a 
range of 1.12-4.41 mg/mL or in an optical density range of 
2.06-8.24. 

39. A method to administer a photothermal therapy by 
direct injection of nanoparticles into a tissue, comprising: 

injecting a photothermal nanoparticle device directly into a 
tumor in an organism, the nanostructure configured to 
absorb lightenergy at aparticular wavelength to produce 
a plasmon resonance effect that causes the nanostructure 
to emit heat energy; and 

emitting the light energy at a region of the organism that 
contains the tumor, 

wherein the heatenergy causes cellular death of cells of the 
tumor. 


