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ABSTRACT
Transdermal drug delivery for local or systemic therapy provides a potential anticancer modality with a
high patient compliance. However, the drug delivery efficiency across the skin is highly challenging due
to the physiological barriers, which limit the desired therapeutic effects. In this study, we prepared lipo-
some-in-hydrogels containing a tumor targeting photosensitizer IR780 (IR780/lipo/gels) for tumor photo-
thermal therapy (PTT). The formulation effectively delivered IR780 to subcutaneous tumor and deep
metastatic sites, while the hydrogels were applied on the skin overlying the tumor or on an area of dis-
tant normal skin. The photothermal antitumor activity of topically administered IR780/lipo/gels was eval-
uated following laser irradiation. We observed significant inhibition of the rate of the tumor growth
without any toxicity associated with the topical administration of hydrogels. Collectively, the topical
administration of IR780/lipo/gels represents a new noninvasive and safe strategy for targeted tumor PTT.
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1. Introduction

The human skin, covering a large surface area of approxi-
mately 2 m2, is considered to be a potential region for drug
delivery (Kilian et al., 2015). In comparison with other drug
administration routes, the transdermal drug delivery for top-
ical applications is preferred due to convenient self-adminis-
tration, suitability for long-term treatment, avoidance of the
first-pass effect, and improved patient compliance (Jiang
et al., 2018). Topical drug administration through the skin
provides an effective strategy with high therapeutic concen-
tration and minimized systemic toxicity to deliver drugs for
local or systemic therapy (Jiang et al., 2018). However, deliv-
ery of drugs across the skin barrier is highly challenging.
Stratum corneum, the outermost layer of the skin, is the most
significant barrier to transdermal drug delivery (Menon et al.,
2012). It serves as a brick and mortar system consisting of
layers of flattened dead keratinocytes surrounded by a lipid
matrix. Currently, several mechanical devices have been used
to improve the transdermal efficiency of drugs by physical

enhancement techniques such as electroporation (Prausnitz,
1999), iontophoresis (Wang et al., 2005), magnetophoresis
(Murthy et al., 2010), sonophoresis (Azagury et al., 2014), and
microneedle (Prausnitz, 2004; Lee et al., 2016a). Alternatively,
nanoparticle-based drug delivery systems have been increas-
ingly exploited for transdermal drug delivery (Neubert, 2011;
Roberts et al., 2017), such as liposomes (Seong et al., 2018),
nanoemulsions (Rai et al., 2018), dendritic nanocarriers (Yang
et al., 2014), and inorganic nanosystems (Siu et al., 2014; Lee
et al., 2016b). Often phospholipid-based liposomes are bio-
compatible and easy to formulate, and have the remarkable
ability to encapsulate both hydrophobic and hydrophilic com-
pounds (Pitorre et al., 2017). Interestingly, liposomal formula-
tions can penetrate the stratum corneum barrier, resulting in
the drug delivery close to the lesion and thus enhancing the
delivery of loaded drugs (Fadel et al., 2009; Conde et al.,
2016; Pitorre et al., 2017; Wu et al., 2021).

Meanwhile, nanoparticles are increasingly combined with
other biomaterials to form hybrid nanostructures for
improved therapeutic index. Recently, hydrogels with
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hydrophilic 3D polymer networks have gained considerable
attention for biomedical applications including tissue engin-
eering and drug delivery systems due to their unique charac-
teristics (e.g. high water content and hydrophilicity)
(Wichterle & L�ım, 1960; Hamidi et al., 2008; Appel et al.,
2015; Choe et al., 2018). Hydrogel can be loaded with nano-
particles such as liposomes for loco-regional targeting of
superficial tumors (Mulik et al., 2009; Bai et al., 2018). This
targeted delivery strategy can boost the efficacy of loaded
therapeutic agents penetrating into the tumor tissue in high
concentrations (Matai et al., 2020). With appropriate compo-
sitions, hydrogels can not only preserve the structural integ-
rity and the functionalities of the contained nanoparticles,
but also offer additional engineered flexibility to improve the
therapeutic efficacy (Appel et al., 2015). The adhesive nano-
particle-loaded hydrogel patch enhanced the stability of
doped nanoparticles and provided the local and systemic
delivery of embedded nanoparticles (Conde et al., 2016).

Near infrared light (NIR)-mediated photothermal therapy
(PTT) has become an attractive tumor treatment method and
alternative to traditional cancer treatment (Doughty et al.,
2019; Su et al., 2019). Photo-responsive nanomaterials which
absorb light in the NIR window (700–1100nm) can generate
heat to induce hyperthermia in the tumor tissues and simul-
taneously cause irreversible cellular damage, leading to tumor
eradication (Li et al., 2019; Yu et al., 2019). Compared with the
clinically used photosensitizer, such as ICG, IR780 is more sta-
ble and has higher fluorescence intensity (Zhang et al., 2010).
In addition, as a recently developed photosensitizer, IR780 is a
lipophilic organic dye that absorbs NIR light and exhibits excel-
lent photothermal effects. As a lipophilic cation, IR780 can
accumulate in a broad range of tumors without additional
chemical conjugation to achieve tumor targeting, which is
attributed to the higher negative inside transmembrane poten-
tials of mitochondria in tumor cells than normal cells (Davis
et al., 1985; Zhang et al., 2010, 2014). Therefore, IR780 has a
great potential for tumor targeting and anticancer ability (Yue
et al., 2013; Zhang et al., 2014; Guo et al., 2015). To the best of
our knowledge, IR780 formulations were developed for oral,
intravenous (i.v.), or intraperitoneal (i.p.) administration in most
currently published reports (Chen et al., 2016).

Inspired by the numerous advantages of hydrogels in retain-
ing nanoparticles and enhancing their physicochemical proper-
ties, herein, we report an advanced liposome-in-hydrogel
hybrid system for systematic delivery of photosensitizers via
topical administration. We hypothesize that the targeted tumor
PTT will be achieved by encapsulation of IR780 into liposomes
and then incorporated the liposomes in hydrogels for the treat-
ment of cancer. Such formulation judiciously integrates two dis-
tinct materials into one robust hybrid system with unique
physicochemical and biological properties that either one of
the two building blocks cannot achieve independently.

2. Materials and methods

2.1. Materials

IR780 iodide and IR792 perchlorate were purchased from
Sigma-Aldrich (St. Louis, MO). Cholesterol and egg

phosphatidylcholine were obtained from Aladdin Industrial
Corporation (Shanghai, China). Poloxamer 407 (P407) and
Poloxamer 188 (P188) were purchased from Sigma-Aldrich
(St. Louis, MO). Mouse colon cancer cell line (CT-26) and
mouse breast cancer cell line (4T1) were purchased from
Shanghai Institute of Cell Biology (Shanghai, China). Unless
otherwise stated, all other reagents were from Nanjing Well
Offer Biotechnology Co., Ltd. (Nanjing, China).

2.2. Preparation of IR780-in-liposome-in-hydrogels

Liposomes were prepared by the thin-film hydration method.
Briefly, phosphatidylcholine, cholesterol, and IR780 were dis-
solved in dichloromethane. The mass ratios of phosphatidyl-
choline, cholesterol, and IR780 were 175:75:3. The organic
solvent was removed by rotary evaporation at 30 �C and
obtained dried thin film. Then, the lipid film was hydrated
with PBS aqueous solution for 30min. The unincorporated
IR780 was removed by ultrafiltration (molecular weight cutoff
(MWCO)¼10 kDa) at 12,000 rpm at 4 �C for 30min.

Hydrogels were prepared by the cold process (Soga et al.,
2005). P407 (1.25 g) was added into 5mL of cold liposome
solutions and left overnight at 4 �C to complete dissolve the
polymers. Then, P188 (0.25 g) were added and placed at 4 �C
for 4–6 h to allow the gelation to occur.

2.3. Physical characterization of liposomes
and hydrogels

The hydrodynamic size of the prepared liposomes was
assessed by Zeta Plus. The morphology of liposomes and
hydrogels was measured by TEM and SEM. The absorption
spectra of free IR780, IR780 liposomes (IR780/lipo), and
IR780-in-liposome-in-hydrogels (IR780/lipo/gel) were recorded
using UV–vis spectrophotometer to calculate IR780 content
in liposomes or hydrogels. The rheological analysis of the
hydrogel samples was carried out at 37 �C. The strain was
kept at 0.1% and a dynamic frequency sweep from 0.1 to
10 rad/s was conducted to measure the storage modulus G0

and loss modulus G00.
IR780/lipo/gels were incubated in release medium (pH 7.4

PBS) at 37 �C. At desirable time intervals, supernatant was
withdrawn and measured the particle size of the liposomes
released from the hydrogel using dynamic light scattering
(DLS). To investigate the amount of IR780 loaded liposomes
released from the hydrogels, the IR780 content was detected
using UV-Vis spectrophotometer.

2.4. Establishment of subcutaneous tumor model and
lung metastasis model

All animal experiments were conducted in compliance with
the Animal Care and Use Committee of Yangzhou University.
Pathogen-free five-week-old Balb/c male mice were used to
establish allograft tumor model. Briefly, 0.2mL of PBS con-
tained 1� 107 CT-26 cells was injected into the normal mice.
When the volume of tumors reached about 200mm3 after
two weeks, the tumors were dissected and cut into about
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1mm3 pieces. In order to establish subcutaneous tumors for
the biodistribution and therapeutic studies, the pieces of
tumors (one each mouse) were injected into the flank region
of the mice subcutaneously. When the volume of average
tumor size reaches 200mm3, the mice were used in subse-
quent experiments.

For the lung metastasis model, 5� 105 4T1 cells were i.v.
injected into pathogen-free five-week-old Balb/c male via the
tail vein. On day 11, the mice were used in subsequent
experiments.

2.5. Biodistribution of photosensitizers in subcutaneous
tumor model and lung metastasis model

To evaluate the distribution of IR780 in primary tumor, the
CT-26 tumor-bearing mice were randomly divided into six
groups (n¼ 3). IR780/lipo/gel was patched onto the skin of
tumor and back of mice to compare the topical or systematic
delivery of photosensitizers (1.0mg/kg photosensitizer). In
addition to the transdermal drug delivery, IR780/lipo was i.v.
injected via the tail vein to compare the route of drug deliv-
ery (dose of IR780 around 0.3mg/kg). IR792 was used as a
nontarget photosensitizer to illustrate the effects of tumor
accumulation in comparison with IR780 (Lai et al., 2019). IVIS
Lumina imaging system (Xenogen Co., Hopkinton, MA) was
used to detect the fluorescent signal of photosensitizers for
in vivo biodistribution study at 12–96 h. The amount of IR780
or IR792 in tissues was analyzed by IVIS Living imaging soft-
ware. The tumors were sectioned and stained with Hochest
to detect IR780 fluorescence in the tumors (Wuhan
Servicebio Technology, Wuhan, China).

To evaluate the distribution of IR780 in metastasis, a lung
metastasis model was established as described above (n¼ 3).
IR780/lipo/gel and IR792/lipo/gel were patched onto the skin
of back of mice (1.0mg/kg photosensitizer). IR780/lipo and
IR792/lipo were i.v. injected via the tail vein. In addition, the
normal mice were patched onto the skin of back as a con-
trol. In vivo fluorescence images were recorded at 48 h after
administration.

2.6. Anticancer activity in tumor-bearing mice

When the volume of average tumor size reaches 200mm3,
the mice were randomly divided into five groups (n¼ 6),
which were treated with PBS (on the skin of tumor), IR780/
lipo/gel (on the skin of back) plus NIR laser irradiation, IR780/
lipo/gel (on the skin of tumor) plus NIR laser irradiation,
IR792/lipo/gel (on the skin of back) plus NIR laser irradiation,
and IR792/lipo/gel (on the skin of tumor) plus NIR laser
irradiation, respectively. The dosage of IR780 or IR792 was
7mg/kg. The day of administration was designated as day 0.
After 48 h, NIR laser irradiation (2 W/cm2, 1min) was used to
irradiate the tumors. Treatment administration and laser
irradiation were repeated on days 3 and 5, respectively. The
administration was performed under dark condition. Body
weights and tumor sizes were recorded every other day after
laser treatment. Tumor volume (V) was calculated according
to the following formula: width2�length/2, where length is

the longest diameter of the tumor, width is the shortest,
respectively. On day 16, all of the mice were sacrificed, and
all the tumor tissues were collected for further analysis.

2.7. Safety of liposome-in-hydrogels

To evaluate the skin toxicity of drug delivery system, mice
were shaved on the back 24 h prior to the study. Then, the
IR780/lipo/gel was applied on the shaved area once daily for
a period of seven days. At the end of the experiment, the
mice were sacrificed, and the skin was sectioned for hema-
toxylin and eosin (H&E) staining. Serum levels of alanine ami-
notransferase (ALT), aspartate transaminase (AST), and blood
urea nitrogen (BUN) were analyzed by Wuhan Servicebio
Technology (Wuhan, China).

2.8. Statistical analysis

Statistical assessments were conducted using a two-sided
Student’s t-test for two groups (p< .05 was considered statis-
tically significant). �p< .05, ��p< .01, ���p< .005, vs. the
relevant group as illustrated in the figure legends. The results
are shown as the means ± SD.

3. Results and discussion

3.1. Preparation and characterization of IR780/lipo/gels

The composition of liposome in hydrogel formulation is illus-
trated in Figure 1(A). The preparation of IR780/lipo/gels can
be divided into two steps. In the first step, we prepared
IR780/lipo following a previously established protocol (Matai
et al., 2020). The particle size of the liposomes was around
130 nm with polydispersity of 0.185 determined by DLS
(Figure 1(B)). The TEM image showed that the IR780/lipo was
relatively spherical in shape as shown in Figure 1(C). The
IR780 content in the liposomes was 0.9wt% determined by
UV–vis spectrophotometer. In addition, IR792 was used as a
nontarget photosensitizer to prepare liposomes. As shown in
Figure S1, the particle size (122 nm) and morphology (spher-
ical nanoparticles) of the IR792/lipo were similar with IR780/
lipo. In the second step, we prepared hydrogels using the
cold method (Schmolka, 1972). The morphological observa-
tion showed that the freeze dried IR780/lipo/gels were char-
acteristic porous sponge-like structures (Figure 1(D)). The
rheological properties of the hydrogels were characterized
with measurements of the storage modulus (G0) and the loss
modulus (G00). As shown in Figure 1(E), G0 exceeded G00 over
the entire frequency range, a clear viscoelastic behavior indi-
cating the formation of a hydrogel network. The absorption
spectra of IR780 in liposomes and hydrogels were evaluated
using UV� vis spectroscopy (Figure 1(F)). As anticipated, the
IR780/lipo and IR780/lipo/gel showed similar absorption
peaks with free IR780 in DMSO, which confirmed successful
loading of the dye. Next, we investigated the release kinetics
of liposomes from the hydrogels. The amount of released lip-
osomes was quantified by measuring the amount of IR780
encapsulated in liposomes. Overall, the liposomes were
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released in a time dependent order. Specifically, more than
90% liposomes were released at 12 h (Figure 1(G)). In add-
ition, the particle sizes showed that the liposomes remained
stable after release from the hydrogel.

3.2. In vivo tracking of photosensitizers in CT-26 tumor-
bearing mice

To evaluate the feasibility of topical administration of hydro-
gels for tumor imaging and antitumor PTT, a whole animal
NIR imaging approach was conducted in CT-26 tumor-bear-
ing mice. IR792/lipo and IR792/lipo/gel were prepared as
controls to confirm the tumor targeting of IR780. IR780/lipo
and IR792/lipo were administered by i.v. injection (0.3mg/kg
photosensitizer) and the hydrogels were applied topically on
the skin of tumor or back (1.0mg/kg photosensitizer). In vivo
fluorescence images were recorded at 12 h, 24 h, 48 h, and
96 h after administration. After i.v. injection, the fluorescence
intensity of IR780 was distributed throughout the whole
body, while IR780 was accumulated specifically in the tumor
region at 48 h exhibiting the tumor-targeted behavior of
IR780. However, in the case of IR792, no tumor-specific accu-
mulation was observed, suggesting only IR780 is the tumor-
targeting agent (Figure 2(A)). Next, IR780/lipo/gel or IR792/
lipo/gel was applied either on the skin overlying the tumor
or on an area of normal skin (back). As shown in Figure
2(B,C), IR780 showed a significant accumulation in tumor at
48 h no matter where the hydrogel patched. After that, the
fluorescence intensity of both dyes decreased over time. In
summary, compared to IR792, the i.v. or topical administra-
tion of IR780 exhibited the highest tumor accumulation,
beyond the restriction of patching site (Figure 2(D)).

In addition, the major organs and tumors were harvested
at 72 h post administration and imaged ex vivo. As shown in

Figure 3(A,B), compared to the major organs, IR780 was
mostly retained in the tumors and displayed highest fluores-
cence intensity suggesting maximum systemic absorption of
the dye and tumor targeting. In contrast, the mice adminis-
trated IR792/lipo or IR792/lipo/gel showed very weak sys-
temic absorption and low accumulation of IR792 in the
distant tumor except the topical application on the tumor.
Quantification of the fluorescence signals in the tumors and
other tissues further confirmed increased bioavailability of
IR780 when given as patch (Figure 3(B)). Furthermore, com-
pared to IR792/lipo/gel, a strong IR780 fluorescence (red)
was also observed in tumor tissue sections of mice treated
with patch on the back (Figure 3(C)). These findings revealed
that the IR780/lipo/gel possessed the ability of systematic
targeting to tumors after topical administration.

3.3. In vivo fluorescence biodistribution of
photosensitizers in lung metastatic mice

To evaluate the targeting capability of IR780/lipo/gel to deep
metastases, the in vivo distribution was evaluated in a lung
metastatic mice model after i.v. injection of IR780/lipo or
IR792/lipo, and topically application of IR780/lipo/gel or
IR792/lipo/gel onto the back of mice. 4T1 cells, one of the
most aggressive metastatic mouse breast cancer cell lines,
were used to develop the metastatic breast cancer model
[29–32]. The captured images showed that the negligible
fluorescence signals were present in the whole body and ex
vivo lungs of normal mice in both IR792/lipo/gel and IR780/
lipo/gel groups (Figure 4(A,B)). However, compared to IR792/
lipo, the fluorescence intensity in the metastases was signifi-
cantly increased in the IR780/lipo treatment group, suggest-
ing the tumor targeting behavior of IR780. Moreover, upon
topical application of IR780/lipo/gel, the fluorescence signals

Figure 1. Preparation and characterization of IR780-in-liposome-in-hydrogels (IR780/lipo/gel). (A) Schematic illustration of IR780/lipo/gel. (B) Hydrodynamic size
(diameter, nm) and PDI of IR780 liposomes (IR780/lipo). (C) Representative TEM images of IR780/lipo (scale bar: 100 nm). (D) Representative SEM images of IR780/
lipo/gel (scale bar: 200 lm). (E) Rheological characterization of IR780/lipo/gel. The storage modulus G0 and loss modulus G00 were plotted logarithmically against fre-
quency (0.1–10 Hz at 37 �C). (F) Absorption spectra of free IR780, IR780/lipo, and IR780/lipo/gel. (G) In vitro release of liposomes from the hydrogel. Data are pre-
sented as the means ± SD (n¼ 3).
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Figure 2. In vivo fluorescence imaging and biodistribution of photosensitizers in CT-26 tumor-bearing mice. (A) In vivo dye fluorescence images in CT-26 tumor-
bearing mice at different time after intravenous injection (i.v.) of IR780/lipo and IR792/lipo. In vivo dye fluorescence images in CT-26 tumor-bearing mice after top-
ically application of IR780/lipo/gel and IR792/lipo/gel onto the tumor (B) and the back (C) of mice. (D) F.I. of IR780 and IR792 in the tumors. Data are presented as
the means ± SD (n¼ 3).

Figure 3. Organ distribution of dye. (A) Representative ex vivo fluorescence images of major organs and tumors after i.v. and topically application of IR780/lipo/gel
and IR792/lipo/gel onto the tumor and the back of mice at 72 h. (B) F.I. of IR780 and IR792 in the major organs and tumors. (C) IR792 and IR780 fluorescence imag-
ing in tumor sections following topically application of IR792/lipo/gel and IR780/lipo/gel onto the back. Data are presented as the means ± SD (n¼ 3).
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were specifically increased in the lung, thus further confirm-
ing the excellent targeting ability of IR780 to the deep
metastases by topical application. Quantification of the fluor-
escence confirmed the whole body and ex vivo imaging
results (Figure 4(B)).

3.4. Anticancer effect of the photothermal treatment
with liposome-in-hydrogels

We then evaluated anticancer effects of the liposome-in-
hydrogels upon NIR laser irradiation in CT-26 colon cancer
mouse model. As shown in Figure 5(A), the tumors of the
mice treated with PBS and IR792/lipo/gel (back) showed
rapid tumor growth. Compared to the IR792/lipo/gel applied
on the back, the IR792/lipo/gel group applied topically to
the tumor showed decreased tumor size, possibly attributed
to the comparatively more photosensitizer accumulation at
the tumor site (p< .01). However, the topically applied
IR780/lipo/gel exhibited maximum therapeutic effects show-
ing targeted IR780 accumulation regardless of application
onto the back or tumor (p< .01). After animal sacrifice, the
tumors were excised and imaged (Figure 5(B)). The tumors in
the IR792/lipo/gel (tumor) and IR780/lipo/gel (back or tumor)
groups were significantly smaller than the other treatments.
Furthermore, the changes in body weight in all groups were

recorded to assess the physiological toxicity of the different
formulations. The tumor-bearing mice showed no significant
body weight loss after topical administration of the lipo-
some-in-hydrogels (Figure 5(C)). These results indicated that
IR780/lipo/gel had systemic PTT efficacy after top-
ical patching.

3.5. Safety of IR780-in-liposome-in-hydrogels

Finally, we evaluated the biosafety of the IR780/lipo/gels
using a mouse skin model. In this study, the mouse back
skin was shaved 24 h prior to gel application to allow the
skin to recover from any possible disturbance to the stratum
corneum. Then, the hydrogel samples were topically applied
onto the skin. After a seven-days treatment, mouse skin
treated with IR780/lipo/gel maintained its normal structure
without any indications of toxicity such as erythema and
edema, which was similar with the group treated with PBS
(Figure 6(A)). Following the skin morphology examination, a
skin biopsy was collected and stained with H&E. The IR780/
lipo/gel treated skin maintained normal architecture, a clear
layer of healthy epidermal cells on top of the dermis layer,
which was identical to the PBS treated skin sample (Figure
6(B)). The absence of any skin reaction or toxicity within the
seven-day treatment suggested that topical application of

Figure 4. In vivo fluorescence imaging and biodistribution of photosensitizers in experimental lung metastasis model. (A) In vivo dye fluorescence images in experi-
mental lung metastasis model or normal mice at 48 h after i.v. of IR780/lipo, IR792/lipo and topically application of IR780/lipo/gel and IR792/lipo/gel onto the back
of mice. (B) Representative ex vivo fluorescence images and F.I. of IR780 and IR792 of major organs and tumors from the mice in (A). Data are presented as the
means ± SD (n¼ 3).
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Figure 5. Photothermal anticancer therapy. (A) Antitumor PTT activity of IR780/lipo/gel and IR792/lipo/gel following topically application onto the back of mice in
CT-26 colon cancer model. Outliers were removed to improve accuracy of the statistical results. (B) Images of excised tumors on day 14 after treatment. (C) Body
weight changes over the treatment period. Data are presented as the means ± SD (n¼ 6). ��p< .01, vs. the indicated groups.

Figure 6. Safety of IR780/lipo/gel. (A) Skin morphology after topically application of IR780/lipo/gel. (B) The skin sections were further examined after H&E staining.
(C) Weight ratios of organs to the total body weight and (D) quantification of ALT, AST, and BUN in the plasma after treatment with IR780/lipo/gel.
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IR780/lipo/gel was safe for the skin. Next, major organs,
including the heart, liver, spleen, and kidney and lungs, were
then collected and weighted (Figure 6(C)). The organ/body
weight changes in the IR780/lipo/gel group were similar to
that in the PBS treated group. The main liver and kidney
function markers including ALT, AST, and BUN were meas-
ured and no significant differences in any of the biomarker
levels were observed between IR780/lipo/gel and PBS groups
(Figure 6(D)). Overall, these findings suggest that the PTT
with IR780/lipo/gel has excellent biocompatibility for can-
cer treatment.

4. Conclusions

In this study, we successfully developed a new photothermal
therapeutic platform based on topical administered IR780/
lipo/gels for systematical tumor therapy. Using subcutaneous
tumor and lung metastatic models, we showed that this pre-
pared hydrogel formulation effectively delivered IR780 to the
tumor and lung metastasis. In addition, IR780/lipo/gel-treated
mice showed excellent antitumor activity under laser irradi-
ation, without producing any appreciable off-target toxicity.
These results support the potential of IR780/lipo/gel as a safe
theranostic platform for targeted PTT by topical administra-
tion. The reported formulation represents a noninvasive
method of delivery that may further enhance the potential
of PTT in human medicine. Taken together, integrating IR780
and liposomes with hydrogel technology provides a robust
hybrid formulation for topical drug delivery against dis-
tant tumors.
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