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The mastery of active tumor targeting is a great challenge in near infrared photothermal therapy (NIRPTT). To improve
efficiency for targeted treatment of malignant tumors, we modify the technique of conjugating gold nanoparticles to tumor-
specific antibodies. Polyethylene glycol-coated (PEGylated) gold nanorods (GNRs) were fabricated and conjugated to an anti-
EGFR antibody. We characterized the conjugation efficiency of the GNRs by comparing the efficiency of antibody binding and
the photothermal effect of the GNRs before and after conjugation. We demonstrate that the binding efficiency of the antibodies
conjugated to the PEGylated GNRs is comparable to the binding efficiency of the unmodified antibodies and 33.9% greater than
PEGylated antibody-GNR conjugates as reported by Liao and Hafner (2005). In addition, cell death by NIRPTT was sufficient to
kill nearly 90% of tumor cells, which is comparable to NIRPTT with GNRs alone confirming that NIRPTT using GNRs is not
compromised by conjugation of GNRs to antibodies.

1. Introduction

One of the greatest obstacles with cancer treatments, past
and present, is the ability to actively target and selec-
tively treat only the malignant cells while leaving normal
cells unharmed. Near infrared (NIR) photothermal therapy
(PTT) using gold nanoparticles (GNPs) and NIR light to
treat malignant tumors in vitro and in vivo have demon-
strated promise as treatments for cancer [1–11]. The collec-
tive concept would lead to a single modality that targeted,
imaged, and treated malignant tumors. In general, PTT
utilizes a contrast agent in the form of GNPs having plasmon
resonance in the NIR spectral range where normal tissue
is transparent. The GNPs convert the absorbed NIR light
energy into thermal heat energy and cause cell death.
Even though the therapeutic properties of PTT have been

demonstrated, further development of the active targeting
component is needed.

The targeting strategy was the main difference between
the in vitro and in vivo studies for some of the successful PTTs
performed: the in vitro practice of nanoparticle conjugation
to tumor targeting antibodies was not implemented in the
in vivo models. For example, it has been shown that SiO2-
core gold-shell nanospheres [3] and gold nanorods [4] were
conjugated to monoclonal antibodies (Mab) and used for
NIR PTT in vitro. The in vivo studies performed by the
same research groups utilized unconjugated nanoparticles
for PTT [12, 13], and the enhanced permeability and
retention (EPR) effect due to leaky tumor vasculature was
the reason cited for the nanoparticle assembly at the tumor
site. However, the EPR effect is a passive targeting strategy
allowing stray nanoparticles to disperse throughout the body
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and accumulate in non-tumor-related sites. Active targeting,
on the other hand, requires successful GNPs-to-antibody
conjugation using covalent bonds to ensure specific delivery
to the tumor.

The standard for conjugating gold nanoparticles to
antibodies using covalent bonding was published by pioneers
in the field, Liao and Hafner [14]. However, a durable con-
jugation process is needed to protect the conjugation from
the physiological conditions of the body, reduce nonspecific
binding, ensure active delivery of the nanoparticles to the
malignant tumor site, and increase the efficacy of the NIR
laser treatment. Incorporating a method of active targeting
will improve the impact of PTT making it a viable approach
for a variety of carcinomas that overexpress the epidermal
growth factor including head and neck, colorectal, ovarian,
skin, cervical, breast, bladder, pancreatic, and prostate can-
cers. In this study, we report a comparison of the Liao and
Hafner protocol for PEGylating antibody-GNRs conjugates
[14] to our protocol of conjugating antibodies to PEGylated
GNRs resulting in a 33.9% improvement in the conjugation
efficiency of GNRs to tumor-targeted antibodies.

2. Materials and Methods

2.1. Antibody. Cetuximab (ImClone Systems, New York,
NY), a recombinant human/mouse chimeric monoclonal
IgG antibody, was used in this study. This monoclonal
antibody binds specifically to the extracellular domain of
the human EGFR, which is overexpressed 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.

2.2. Crosslinker. Long Chain Succinimidyl 6-(3-[2-pyri-
dyldithio]-propionamido) hexanoate (LC-SPDP), MW =
425.52 g/mol, spacer arm length = 15.6 Angstroms (Thermo
Scientific, Rockford, IL), was employed to bioconjugate
cetuximab to gold nanorods. LC-SPDP is a heterobifunc-
tional, thiol-cleavable, and membrane permeable crosslinker.
LC-SPDP contains an amine-reactive N-hydroxysuccinimide
(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.

2.3. Gold Nanorod Fabrication. Gold nanorods were fabri-
cated according to the method described by Sau and Murphy
[15] summarized as follows.

Stock Solutions Preparation. 30 mL of HPLC grade water
was placed on ice. While the temperature of the water was

cooling to 0 degrees Celsius, the other solutions were pre-
pared: 1 mM Gold (III) chloride trihydrate, (HAuCl4·3H2O)
(Sigma-Aldrich), 200 mM cetyltrimethylammonium bro-
mide (CTAB) (Sigma-Aldrich), 78.8 mM Ascorbic acid, and
32 mM AgNO3 (Sigma-Aldrich). A hot-water bath, less than
50◦C, was used to dissolve CTAB. Ice-cold water was rapidly
added to the NaBH4 and the solution was returned to ice
since NaBH4 solution is unstable and rapidly decomposes at
room temperature.

Seeds Solution Preparation. 2.5 mL of 1 mM of HAuCl4·
3H2O; 5 mL 200 mM CTAB; and 0.6 mL ice-cold 10 mM
NaBH4 were mixed and incubated at room temperature
(25◦C) for 2 hours before use. This last step is needed to
disintegrate the remaining NaBH4 to prevent unwanted seeds
appearing in the growth solution. The seed solution at this
stage should be beige-brown in color.

Growth Solution Preparation. 17–20 mL of 1 mM HAuCl4·
3H2O and 17–20 mL of 200 mM CTAB were combined with
80–120 μL of 32 mM AgNO3, 280–360 μL of 78.8 mM Ascor-
bic acid, and 60–80 μL 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 h at room temperature. The NaBH4 should completely
decompose during this stage.

2.4. Gold Nanorod Biofunctionalization 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 of using poly-ethylene glycol (PEG) to
replace the CTAB on the surface of nanorods is known as
“PEGylation” whereby the nanorods are “PEGylated.” PEGy-
lation is advantageous because it increases biocompatibility
and stability, decreases immunogenicity and adsorption to
the negatively charged luminal surface of blood vessels, and
suppresses the nonspecific binding of charged molecules
[5, 16, 17]. 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 biofunctionalized, PEGylated, using
1 mM of thiol-terminated methoxy-poly-ethylene glycol
(mPEG-SH) (MW = 5000, Nanocs, New York, NY) and
2 mM of Potassium Carbonate (Acros, Fair Lawn, NJ) 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 CONCPEG-NR = 4.41 mg/mL. The optical
density of the PEGylated nanorods was ODPEG-NR = 8.24
(∼1.73 × 1012 GNRs/mL) unless otherwise noted. UV-VIS
Spectrophotometer was used to calculate the average peak
of the absorption spectra as λ = 784 nm. Imaging by
Transmission Electron Microscopy (TEM) was used to verify
consistency in shape and size.
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2.5. Gold Nanorod Conjugation to Antibody Followed by
PEGylation. Gold nanorods were first bioconjugated accord-
ing to the method presented by Liao and Hafner [14].
Bioconjugation of gold nanorods to antibodies was carried
out with the LC-SPDP following the procedure provided.
After equilibrating the vial of LC-SPDP reagent to room
temperature, 20 mM LC-SPDP was prepared in dimethyl-
sulfoxide, DMSO (Sigma-Aldrich). 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 min at 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, IL) or a Microcon centrifugal
filter device (Millipore, Bedford, MA). Reaction byproducts,
excess cetuximab, and excess LC-SPDP were also removed
by the desalting column. Forty milliliters of raw nanorods
were centrifuged (7000 g, 20 min), decanted, and then, resus-
pended 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 PEGylated by adding 10 μL of
1 mM mPEG-SH and 100 μL 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 [14].

2.6. Antibody Conjugation to PEGylated Gold Nanorods.
PEGylated gold nanorods were conjugated to the antibody,
cetuximab, using a method similar to Liao and Hafner [14]
with one major modification—the order of conjugation and
PEGylation. Cetuximab and the LC-SPDP crosslinker were
combined 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 our 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 resus-
pended in 1 mL of PBS-EDTA. The nanorods were then
PEGylated by adding 10 μL of 1 mM mPEG-SH and 100 μL
of 2 mM potassium carbonate and incubated overnight.
The biofunctionalized nanorods were centrifuged, decanted,
and resuspended in PBS-EDTA several times to remove
excess CTAB and mPEG-SH. Various amounts of the 20 mM
crosslinker, LC-SPDP, in DMSO solution were added to
1 mL of cetuximab and allowed to incubate for 60 min
at room temperature yielding a tunable linker : antibody
molar ratio. 100–200 μL 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 Biotechnology, Rockford, IL) or a Microcon
centrifugal filter device (Millipore) was used to exchange the
buffer for PBS-EDTA and to remove the reaction byproducts
of the PEGylated nanorod-antibody complex.

2.7. Order of PEGylation and Conjugation of Nanorod
to Antibody Comparison. In Figure 1, we summarize the
sequence of the two conjugation protocols that we compare
in three steps to clearly illustrate the difference between the
processes for gold nanorod conjugation to antibody followed
by PEGylation [14] and antibody conjugation to PEGylated
gold nanorods.

Figure 1(a) shows the protocol of Liao and Hafner [14]
that requires adding the crosslinker to the antibody (step 1),
conjugating the antibody to the gold nanorods (step 2) fol-
lowed by PEGylation (step 3). On the contrary, Figure 1(b)
shows our modification of Liao’s protocol that describes
attaching the crosslinker to the antibody (step 1), PEGylating
the nanorod (step 2), then conjugating the antibody to the
PEGylated nanorod (step 3). Basically, the difference in the
sequence of our protocol and the Liao [14] protocol is that
we PEGylate only the nanorods not the nanorod-antibody
conjugate.

2.8. Gold Nanorod to Antibody Conjugation Characterization.
Gold nanorod/antibody conjugations were examined for
structure, consistency, and efficiency by TEM. Specifically,
we used carbon only copper grids, uranyl acetate stain, and
an FEI TecnaiT12 80 kv or 120 kv (Twin TEM, Hillsboro,
OR). We captured digital images of the gold nanorods and
conjugates on an AMT (Danvers, MA) 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.
We added 500 μL PBS to Recombinant Human epidermal
growth factor receptor (EGFR)/ErbB1 Fc Chimera, CF
(50 μg/vial R&D Systems, Inc., Minneapolis, MN) for a final
concentration of 0.1 mg/mL and used 50 ng/100 μL of rEGFR
in PBS w/Ca++ and Mg to coat a 96-well plate. The plate
was covered with saran wrap or plate sealer and incubated
overnight at 4◦C. We blocked the plate with 1% BSA in PBS
w/o Ca++ and Mg for nonspecific 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).

2.9. Near Infrared Photothermal Therapy. Head and neck
human squamous cell carcinoma, (Thomas Carey, University
of Michigan, Ann Arbor, MI), cell line SCC-5, was used in
this study. The HNSCC line was maintained in Dulbecco’s
Modified Eagle Medium containing 10% fetal bovine serum,
supplemented with L-glutamine, penicillin, and strepto-
mycin and incubated at 37◦C in 5% CO2. The measured con-
centration of the PEGylated nanorods was CONCPEG-NR =
4.41 mg/mL. The optical density of the PEGylated nanorods
is ODPEG-NR = 8.24 (∼1.73 × 1012 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, CA, 8350) was used to
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Figure 1: Illustration of Nanorod to Antibody Conjugation. (a) Gold nanorod conjugation to antibody followed by PEGylation and (b)
conjugation of antibody to PEGylated nanorod.

perform the photothermal therapy of cells, 4 min exposure
time, 785 nm wavelength, 9.5 W/cm2 fluence. A cell viability
assay was performed with 1 : 1 dilution of Trypan Blue.

3. Results and Discussion

In this work, we evaluate a protocol that enhances the
targeted treatment of malignant tumors by improving the
conjugation efficiency of GNRs to tumor-targeted anti-
bodies. We can consequently improve the delivery of the
nanorods making the NIR PTT more effective. By modifying
an existing protocol [14], we take advantage of covalent
bonds, sulfhydryl and amide group chemistry to improve
conjugation efficiency. We compare the order of conjugation
and PEGylation and its effects on the nanorods forming
clusters, aggregating, and the percentage of binding efficiency
of the antibody in both cases. Also we compare the binding
efficiency of the antibody before and after conjugation and
the therapeutic effect of the nanorods for photothermal
therapy before and after conjugation.

3.1. Nanorod Characterization and Biofunctionalization. The
first objective in this study was to identify a successful
modality to selectively target gold nanorods to malignant
cells by optimizing conjugation parameters to the anti-
EGFR antibody, cetuximab. By conjugating nanorods with
antibodies, we can improve the specificity of nanorods. 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 Figure 2.

The TEM images in Figure 2 show the physical dif-
ferences that the order of PEGylation and conjugation, as
illustrated in Figure 1, has on a collection of gold nanorods.
The results we obtained by repeating the method published
by Liao and Hafner [14] using anti-EGFR instead of anti-
Rabbit IgG antibody are shown in Figure 2(a). In short,
the conjugated GNRs-antibody unit was PEGylated; this
procedure resulted in more than a 70% loss of nanorod indi-
viduality, described here as aggregation. To overcome this
aggregation, we conjugated PEGylated GNRs to antibodies,
shown in Figure 2(b). We observed more than 70% of the
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(a)

(b)

(c)

Figure 2: TEM images of nanorod conjugation to antibody before
PEGylation versus PEGylated nanorod conjugation to antibody.
(a) Nanorods first conjugated to anti-EGFR antibody then PEGy-
lated; (b) Nanorods first PEGylated then conjugated to anti-EGFR
antibody; (c) PEGylated nanorods without antibody or crosslinker
present. All scale bars shown are 100 nm.

GNRs in clusters of various shapes and sizes. In Figure 2(c),
we show PEGylated GNRs with no antibodies or crosslinker,
as a control. We do not find aggregation like in Figure 2(a) or
clustering like in Figure 2(b) using the same concentration of
GNRs. This indicates that the nanorod-antibody interaction
is affected by the order of conjugation and PEGylation.

Antibody binding efficiency was also affected by the
PEGylation and conjugation order. Using the unconjugated
antibody as the binding efficiency standard, we surveyed the
binding efficiencies resulting from the protocols illustrated in
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Figure 3: A comparative antibody binding assay based on the
sequential order of conjugation and PEGylation, summarizing the
binding efficiency of antibodies when conjugated to nanorods then
PEGylated (solid line) and antibodies conjugated to PEGylated
nanorods (dashed line).

Figure 1 using a modified ELISA assay. In Figure 3, we sum-
marize the results for a titration of antibody concentrations
and without any dilution to the antibody concentration.

We observe that the antibody binding efficiency increases
as antibody concentration increases in both cases. Without
any dilution to the antibody concentration, we measure a
46.5% binding efficiency for the antibodies conjugated to
GNRs then PEGylated using the Liao and Hafner protocol
[14] versus a 80.4% binding efficiency for the antibodies
conjugated to PEGylated GNRs. By modifying the order
of conjugation and PEGylation, we demonstrate a 6-fold
improvement in the binding efficiency of the conjugated
antibody.

Our goal was to optimize some parameters of pho-
tothermal therapy without compromising the aspects that
were already effective, namely, the targeting ability of the
antibodies and the therapeutic ability of the nanorods when
used in combination with the NIR laser. We measured the
binding ability of unconjugated anti-EFGR antibody to the
antigen, the epidermal growth factor receptor. Using the
unconjugated antibody as the standard of binding efficiency
on a scale from 0 to 5, we studied the binding efficiency of
the antibody after being conjugated to PEGylated nanorods,
as shown in Figure 4(a).

We found that the binding efficiency slightly improved
after conjugation from 3.93 to 4.4 on a scale from 0
to 5 but considering the standard error, we can estimate
that the binding efficiency is approximately the same for
the antibody before and after conjugation to PEGylated
nanorods, Figure 4(a). This binding assay confirms that the
antibody is still binding after conjugation. The 9% difference
in binding efficiency of antibody 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, an 82% difference from the antibody binding before
conjugation.
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Figure 4: (a) Anti-EGFR antibody binding assay shows the antibody
function before and after conjugation to the PEGylated gold
nanorod. (b) 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.

Previous studies report that GNR-mediated NIR PTT
provides approximately a 95% death rate, which is com-
parable to what we found before and after conjugation. In
the process of optimizing the active targeting component
by conjugating the GNRs to antibodies, we maintain the
therapeutic capability that has been established and achieved
with much success. In Figure 4(b), we show the effect that
conjugating the nanorods to antibodies has on photothermal
therapy. This cell viability assay shows the percentage of
dead cells after treatment as performed in previous in vitro
studies without washing cells after adding GNRs [4]. 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 conjugated to the anti-EGFR antibody.
The percentages of dead cells after these treatments were
4.5%, 96%, and 89%, respectively. There is only a 7%
difference in the therapeutic effect for nanorods before
and after the conjugation process which likely attributed
to distance between GNRs and the cell surface due to the
antibody and crosslinker. All experiments were performed
with a 785 nm diode laser at 9.5 W/cm2, ∼4 minutes using
GNRs with ODPEG-NR = 4.12 (∼8.65 × 1011 particles/mL),
and 300 : 1 crosslinker : antibody ratio.

The physiological conditions inside the body require
a resilient and functional conjugation to ensure optimal
delivery of the GNRs to malignant tumors and successful
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Figure 5: This cell viability assay shows the percentage of cell death
of conjugated (solid line) and unconjugated (dashed line) nanorods
after photothermal therapy with increasing nanorod concentration
after three washes.

treatment upon arrival. We have confirmed that after
conjugation, both the antibody binding efficiency and the
GNRs therapeutic ability are individually comparable to their
performance before conjugation. To further evaluate the
conjugation performance and the photothermal effect with
GNRs, we treated the cells with GNRs, alone and conjugated,
and washed with medium three times to remove any
unbound GNRs. We observe that there is some adsorption
effect happening with the GNRs on the surface but this is
distinguishable at very dilute concentrations of the GNRs. In
Figure 5, we compare the percentage of cell death after NIR
PTT with GNRs alone and conjugated.

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 μg/mL, respectively. We show a trend
that as the nanorod concentration increases, the cell death
increases. The difference in the percentage 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 Figure 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 Figure 5. The
antibody-to-nanorod ratio and resultant relative therapeutic
effects and stoichiometry have not been studied here.

4. Summary and Conclusion

We have explored optimizing the parameters for the
improved success of using covalent bonds to conjugate
GNRs to the anti-EGFR antibody, cetuximab. The cova-
lent conjugation of the antibody to GNR facilitates active
targeting of the nanorods to the tumor site. This kind of
active targeting is more efficient than previously reported
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results [14] that PEGylated the antibody-nanorod conjugate.
We characterized the efficiency of the conjugation of the gold
nanorods to cetuximab by comparing the antibody binding
efficiency and the photothermal effect of nanorods before
and after conjugation. The percentage of antibody binding
efficiency is 6-fold (33.9%) greater when conjugating the
antibody to an already PEGylated nanorod versus PEGylating
the nanorod-antibody conjugation [14]. We show that
binding ability of the conjugated antibody to the epidermal
growth factor receptor (EGFR) has not been affected by
conjugation, whereas the binding efficiency was 3.93 before
conjugation and 4.4 after conjugation on a scale from 0 to 5.

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
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 results indicate that nanorod-
antibody conjugates are promising as an improved active tar-
geting agent for future in vivo studies. Further investigation
is needed to determine what is happening with the antibody
binding, how many nanorods are binding to each antibody,
and what biodistribution improvements pertaining to in vivo
studies are available. This combination of active targeting
and subsequent photothermal treatment of malignant cells
is a viable approach for the treatment of a variety of cancer
types that overexpress the epidermal growth factor including
head and neck, colorectal, ovarian, cervical, skin, breast,
bladder, pancreatic, and prostate cancers.
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