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ABSTRACT: In breast cancer chemophotothermal therapy, it is a great challenge for
the development of multifunctional nanoagents for precision targeting and the
effective treatment of tumors, especially for metastasis. Herein, we successfully design
and synthesize a multifunctional black phosphorus (BP)-based nanoagent, BP/DTX@
PLGA, to address this challenge. In this composite nanoagent, BP quantum dots
(BPQDs) are loaded into poly(lactic-co-glycolic acid) (PLGA) with additional
conjugation of a chemotherapeutic agent, docetaxel (DTX). The in vivo distribution
results demonstrate that BP/DTX@PLGA shows striking tropism for targeting both
primary tumors and lung metastatic tumors. Moreover, BP/DTX@PLGA exhibits
outstanding controllable chemophotothermal combinatory therapeutics, which
dramatically improves the efficacy of photothermal tumor ablation when combined
with near-light irradiation. Mechanistically, accelerated DTX release from the
nanocomplex upon heating and thermal treatment per se synergistically incurs
apoptosis-dependent cell death, resulting in the elimination of lung metastasis. Meanwhile, in vitro and in vivo results further
confirm that BP/DTX@PLGA possesses good biocompatibility. This study provides a promising BP-based multimodal
nanoagent to constrain cancer metastasis.
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In cancer nanomedicine, most efforts are invested to
elaborate the improvements of physicochemical properties

(e.g., the 3 S parameters (size, shape, and surface) and electron
transportation) in developing therapeutic strategies.1−3 How-
ever, the properties of the nanomaterials per se have scarcely
been probed as tumor-killing agents or site-precision targeting
vehicles.4 Recently, as a rising star on the horizon of materials
science, black phosphorus (BP) displays superior physico-
chemical properties relative to other two-dimensional nano-
materials,5−7 showing great potentials in a wide spectrum of
cancer treatments and diagnostics.8−12 In fact, BP has been
studied for drug/gene delivery and photothermal and photo-
dynamic therapies in cancer treatments,13,14 and previous
studies have reported the encouraging cancer-killing efficacy of
BP as a result of its exceptional drug-loading and delivery
capabilities.15−17 In the meantime, we also uncovered the
inherent specific chemotherapeutic toxicity of BP to cancer
cells, as described in our recent report.18 Nevertheless, there
are still enormous challenges need to be addressed. For
instance, BP-based nanomaterials have to be developed for
combinational effects of tumor-selective targeting, versatile
chemothermal therapies, and specific treatments for advanced
tumors (especially metastasis).

Cancer is still an overarching cause of death and brings
about a considerable health burden worldwide. Among them,
breast cancer is a very prevalent type and is a leading cause of
cancer death in women.19,20 Although primary tumors cause
tremendous morbidity, most patients have a desirable
prognosis after the removal of primary tumors with or without
chemotherapeutics.21 However, once tumor cells metastasize
to distant organs including lung, bone, and brain, the disease
indeed enters an incurable stage without specific therapeutics
available, with metastases that account for more than 90% of
breast cancer mortality.22,23 However, little is known about the
path toward metastasis-specific therapy, even though sustained
endeavors have been being invested from diverse aspects of
nanomedicine.24−26

As an essential element for species including humans,
phosphorus is indispensably involved in cellular components
and biological functions, which endows BP with excellent
biocompatibility, active nanobio interaction, and biodegrad-
ability in biomedical applications.13,18 These desirable features
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raise the rationale of interrogating BP’s tumor site-specific
targeting as drug delivery platforms and therapeutic agents. In
the current study, to combat breast cancer metastasis, we
developed a multimodal BP-based nanodrug for precision
nanomedicine against breast cancer lung metastasis. Our
combined data unearthed a new BP-based multifunctional
nanocomposite to repress breast cancer metastasis.

■ PREPARATION AND CHARACTERIZATION OF
BP@PLGA

To elevate the drug-loading capacity and tumor targeting, BP
quantum dots (BPQDs, around 3 nm in size) were integrated
into poly(lactic-co-glycolic acid (PLGA), yielding BP@PLGA.
Notably, PLGA is a type of Food and Drug Administration
(FDA)-approved biodegradable and biocompatible polymer
that has been widely used to deliver therapeutic agents and
nanodrugs.27,28 The obtained BP@PLGA possesses great
monodispersity in solution and displays uniform spherical
morphology with an average diameter of around 130 nm (a
desirable size for tumor targeting through the enhanced
permeability and retention (EPR) mechanism29,30), as
characterized by scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) (Figure 1a,b).

Energy-dispersive X-ray spectroscopy (EDX) confirmed the
successful loading of BP into BP@PLGA (Figure S1). Next, a
mainstream chemotherapeutic agent against breast cancer,31

docetaxel (DTX), was loaded into BP@PLGA. As shown in
Figure 1c, the successful encapsulation of DTX was verified by
Fourier transform infrared (FT-IR) spectral analysis, as
characterized by the representative peak of the ether bond
(located around 1725 cm−1, pointed at by dark blue
arrowheads) for DTX and the stretching vibration peaks of
the carboxylic acid (at ∼1750 cm−1, denoted by red
arrowheads) for PLGA.32,33 The absorption peak indicative
of DTX in BP/DTX@PLGA was undermined (Figure 1c),
being attributed to the interaction between the carboxylic acid
in PLGA and the ester group in DTX.33,34 Moreover, the drug
loading content (LC) and encapsulation efficiency (EE) of
DTX on BP@PLGA were calculated to be 12 and 92%,
respectively.

■ CHEMOTHERMAL FEATURES OF BP/DTX@PLGA

In the following section, we elaborate on the chemothermal
features of BP/DTX@PLGA. In comparison to the ultra-
violet−visible−near-infrared (UV−vis−NIR) absorption spec-
tra of DTX, the pronounced representative absorption profile

Figure 1. Synthesis and characterization of BP@PLGA. (a) SEM analysis of BP@PLGA. (b) TEM analysis of BP@PLGA with an inset showing the
size distribution profile on the basis of quantification. (c) FT-IR spectra of PLGA, DTX, a physical mixture of PLGA and DTX, and DTX@PLGA
nanomaterials. (d) UV−vis−NIR absorption spectra of BP/DTX@PLGA, BP, and DTX. (e) Temperature elevation of BP/DTX@PLGA at
different concentrations under 808 nm NIR radiation at a power density of 1 W/cm2 for 600 s. (f) Infrared thermal images of BP/DTX@PLGA at
different concentrations.
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within the NIR region owing to the innate absorption
characteristics of BPQDs was adequately retained in BP/
DTX@PLGA (Figure 1d), offering the rationale of the
photothermal regime. In this context, the photothermal effect
was examined under 808 nm NIR laser radiation. As shown in
Figure 1e, a rapid marked temperature elevation of about 20
°C was observed in BP/DTX@PLGA solution at 20 μg/mL
after NIR radiation for 600 s, and the temperature of the
solution was also increased quite rapidly at 10 μg/mL. By
contrast, a negligible temperature fluctuation was observed in
the vehicle solution (Figure 1e). To corroborate these
observations, the infrared thermal imaging analysis further
confirmed the remarkable photothermal performance of BP/
DTX@PLGA (Figure 1f). These data indicate that the
excellent photothermal conversion efficacy of BP materials
was not compromised by the PLGA integration and DTX
loading.
Moreover, our results indicated that NIR radiation triggered

even more dramatic drug release, as reflected by the greater
accumulative DTX release from BP/DTX@PLGA responding
to NIR radiation over the time course than that without NIR
(Figure S2, P < 0.05). For instance, as shown in Figure S2, the
rate of DTX release under NIR radiation was increased by
approximately 56% at hour 96 (Figure S2, P < 0.05). These
findings collectively highlighted the strong advantages of
combinatory chemotherapeutics and thermotherapy accom-
panied by finely tuned drug release by a temperature increase.

■ BP@PLGA-MANIFESTED PREFERENTIAL
LOCALIZATION IN PRIMARY AND METASTATIC
TUMORS

A predilection of metastasis to the lung has been recognized in
breast cancer as a result of the congenial interaction between
breast cancer cells and the corresponding lung tissue

microenvironments.31,35−37 However, no specific therapeutic
is available to combat lung metastasis thus far because most
strategies rely on the removal or destruction of primary tumors
to leash the escape of cancer cells out of primary tumors.38,39

Therefore, we endeavored to look into the lung targetability of
BP@PLGA. To achieve this, we employed subline 4T1-LG12
derived from murine 4T1 breast cancer cells (4T1-LG12 cells),
gaining highly selective metastatic propensity to the lung, as
described in our recent reports.40,41 To visualize BP@PLGA in
vivo, these nanospheres (NSs) were labeled with Cy5.5 to
track the fluorescent localization and intensity. At different
time points after intravenous (i.v.) injection of BP/Cy5.5@
PLGA, the primary organs including lung, heart, liver, spleen,
kidney, and tumors were collected for the fluorescence imaging
analysis. As shown in Figure 2a, a mounting fluorescent signal
was observed in these organs including tumors over the time
course from hour 0.5 to hours 4, 12, and 24, and quantified
data revealed that the liver was the most predominant site for
NS accumulation, followed by the spleen and kidney (P <
0.05), analogous to previous reports.42,43 Meanwhile, a
substantial NS mass was found in tumors with remarkable
time-dependent cumulative deposition (Figure S3 and Figure
2b, P < 0.05), suggesting the pronounced propensity of NS
accumulation toward tumors. The BP-based nanoagent can be
achieved for highly efficient accumulation in tumor tissues
mainly because of the EPR effect. The aberrant vascular
architecture in tumor tissues allows nanoparticles to pass into
the tumor more easily than into other tissues. It is known that
nanoparticles with a size ranging from 10 to 200 nm manifest
an outstanding inclination toward tumors through the EPR
effect.44 Here, our synthesized BP-based nanoagents bear a
preferential size (approximately 130 nm) to localize into the
tumor through the EPR effect for cancer treatment.

Figure 2. Tissue biodistribution of BP/DTX@PLGA. (a) Representative ex vivo fluorescent images of primary tumors and organs from BP/DTX@
PLGA-treated mice at different time points after injection. (b) Quantitative data of fluorescence intensity for tumor regions in the lungs over time
(n = 3). (c) Mapping of the bioluminescence and fluorescent signal in primary tumors and lung metastatic tumors at hour 0.5 and 4 after injection.
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Because 4T1-LG12 cells were tagged with the exotic
luciferase reporter gene, tumor cells could be lighted up
through detecting the bioluminescent signals upon intra-
peritoneal (i.p.) administration of D-luciferin followed by a
bioluminescence assay using the IVIS Spectrum Imaging
System. As shown in Figure 2c, the fluorescence of BP/
Cy5.5@PLGA overlapped with the luciferase bioluminescence
in primary tumors, demonstrating a highly selective targeting
of these NSs toward primary tumors. Furthermore, we
investigated the lung metastatic tumors by monitoring
luciferase bioluminescence and BP/Cy5.5@PLGA fluores-
cence, as shown in Figure 2c. Great overlap between these

two signals was found in the lungs, potentiating the robust
capability of these NSs to invade metastatic tumors in the lung.
These data thereby demonstrate that BP@PLGA harbors an
outstanding property to target both primary and metastatic
tumors, offering an enormous advantage for additional
combinatory chemophotothermal therapeutics provided by
the BP/DTX@PLGA composite. According to the structure
and size of our composite (a most effective structure and size
for tumor accumulation based on the current literature29,30),
we speculate that the microencapsulation of PLGA contributes
largely to improving the tumor targetability of our nanodrugs
on account of the superior EPR effect.45,46 All of these jointly

Figure 3. BP/DTX@PLGA elicited lung metastasis inhibition in the orthotopic mouse model. (a) Growth curves of primary tumor volumes over
time and (b) photographs of primary tumors after 16 days of growth at the fourth mammary fat pads, where the orthotopic injection of 4T1-LG12
cells was performed (1 × 104 cells/per mouse, n = 5), followed by treatment with DTX and BP/DTX@PLGA with or without NIR laser radiation.
When the volume of primary tumors reached 100 mm3, differential treatments were carried out. DTX was administrated at 10 mg/kg body weight
through the tail vein once, and by adjusting the DTX mass to 10 mg/kg body weight, the corresponding doses of nanomaterials were administrated.
Twenty-four hours after material administration, NIR radiation was carried out at 2 W/cm2 for 5 min/each mouse. (c) H&E staining images of
tumor sections from different groups with an inset showing the enlarge images. (d) Numbers of metastatic nodules in the lungs from different
groups 16 days after treatment when mice were sacrificed. (e) Bioluminescent images and (f) quantitative data of metastatic tumors on the lung
sites (n = 5).
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confer to our BP@PLGA enhanced targeting of the metastatic
tumors in the lung.

■ BP/DTX@PLGA SUPPRESSED BREAST CANCER
LUNG METASTASIS IN VARIOUS MODELS

In cancer nanomedicine research, xenograft tumors implanted
on the back of mice or orthotopic models are popularly used,
with the focus on primary tumors, even for metastasis studies.
However, a large number of previous studies embarked on the
eradication of primary tumors to restrain metastases.47,48 To
better mimic the realistic biological processes and events of
cancer metastasis, more appropriate tumor models are
warranted. Thus, we assessed the antimetastasis efficacy of
BP@PLGA using various mouse breast cancer lung metastatic
models: the orthotopic model and the intratail vein injection
model using 4T1-LG12 cells, which were established in our
laboratory.40,41 First, the orthotopic model was employed,
which is an ideal model for accessing the efficacy of therapeutic
drugs in restraining breast cancer lung metastasis from the
primary tumors.40 As shown in Figure 3a, DTX at 10 mg/kg
body weight, being much lower than those used in previous
studies and clinical trials,49,50 did not elicit a significant
inhibition of primary tumor growth relative to an untreated
control, and NIR itself did not alter the chemotoxicity of DTX.
Otherwise, BP/DTX@PLGA loaded with the same mass of
DTX as the above free DTX group posed approximately 20%
suppression of primary tumor growth without NIR radiation,
as reflected by the tumor growth curves and the final tumor
weight compared to an untreated control (Figure 3a and
Figure S4, P < 0.05). In stark contrast to the sole
administration of BP/DTX@PLGA, combinatory photother-
mal therapy (PTT) considerably reinforced the tumor-killing
efficacy of BP/DTX@PLGA, as evidenced by substantially
inhibited tumor growth (Figure 3a and Figure S4, P < 0.05). It
should be noted that three primary tumors were completely
ablated in the BP/DTX@PLGA + NIR group (Figure 3b),
suggestive of robust chemophotothermal efficacy. Additionally,
a more remarkable destruction of tumor tissues was observed
in the BP/DTX@PLGA + NIR group, as reflected by massive
dying and damaged tumor cells in hematoxylin and eosin
(H&E) staining images (Figure 3c, denoted by yellow
arrowheads).
Importantly, 4T1-LG12 lung metastasis was restrained upon

these treatments (Figure S5 and Figure 3d). The counting of
tumor nodule numbers in the lungs (indicated by dark-blue
arrowheads) showed approximately 38 and 56% reductions in
tumor nodules in mice that received DTX and DTX + NIR,
compared to the untreated control (Figure S5 and Figure 3d, P
< 0.001 for DTX + NIR), respectively. By contrast, the
numbers of tumor nodules were diminished by approximately
64 and 89% in mice treated with BP/DTX@PLGA without or
with NIR relative to the untreated mice (Figure S5 and Figure
3d, P < 0.05), and a much greater decline in tumor nodules
was found in mice upon BP/DTX@PLGA + NIR treatment
relative to the BP/DTX@PLGA-treated mice without NIR
(Figure S5 and Figure 3d, P < 0.05). Similar differences were
discovered in the bioluminescence quantification, with the
greatest drop in the BP/DTX@PLGA + NIR group (Figure
3e,f, P < 0.001). It is worth noting that no bioluminescent
signaling was found on sites except the lung, which stressed the
pronounced propensity of 4T1-LG12 toward the lung.40,41

To substantiate the suppressive effect on metastasis and also
to exclude the possibility of the suppressive effect on metastasis

that was accounted for by the elimination of primary tumors,
another mouse model of lung metastasis was added, where
4T1-LG12 cells were i.v. injected into the tail vein in mice.41

As shown in Figure 4a,b, fast growth of the bioluminescent

intensity was visualized in DTX, DTX + NIR, and untreated
groups over time, reflective of the rapid localization of 4T1-
LG12 cells to form metastatic lesions in the lungs. Distinctly,
the increase in the bioluminescence intensity was repressed by
approximately 58 and 95% in mice upon BP/DTX@PLGA
without or with NIR, relative to an untreated control (Figure
4a,b, P < 0.05). Notably, the elevation of the bioluminescent
intensity was nearly constrained in mice upon BP/DTX@

Figure 4. BP/DTX@PLGA suppressed 4T1-LG12 cell lung meta-
stasis in the intratail vein injection model. (a) Bioluminescence was
recorded over time for whole animals in different groups after i.p.
injection of 100 μL of D-luciferin (at 15 mg/mL) through the IVIS
spectrum imaging system (n = 3). DTX group: DTX administration
(10 mg/kg of body weight DTX). DTX + NIR group: DTX
administration (10 mg/kg of body weight DTX) together with NIR
radiation (2 W/cm2, 5 min/each side). BP/DTX@PLGA group: BP/
DTX@PLGA administration (with an equivalent dose of DTX at 10
mg/kg of body weight). BP/DTX@PLGA + NIR group: BP/DTX@
PLGA administration (with an equivalent dose of DTX at 10 mg/kg
of body weight) in combination with NIR radiation (2 W/cm2, 5
min/each side) at hour 24 after injection. Notably, 5 min/each side
refers to radiation of the mouse’s back and chest for 5 min. (b)
Quantitative data of the bioluminescent signals on the lung sites in
different groups over the time course (n = 3). #: P < 0.001, relative to
an untreated control. (c) Quantification of tumor nodules in the lungs
from mice at the final point of the experiment (n = 3). (d) Survival
curves of mice bearing 4T1-LG12 lung metastatic tumors after various
treatments as indicated above (n = 8). (e) H&E staining images of
lung sections in different groups. The insets show the enlarge images
of the tumor nodules.
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PLGA + NIR, and only a little bioluminescent signal was
abolished, compared to that of other groups (Figure 4a,b, P <
0.001), suggesting tremendous inhibition of the formation of
metastatic loci and following tumor growth by the BP/DTX@
PLGA + NIR combinatory therapeutics. Furthermore, the
direct counting of tumor nodule numbers confirmed these
huge differences (Figure 4c, P < 0.05). As a result of
consecutive metastatic tumor growth, the survival of these
mice was significantly undermined, especially for untreated
mice, except for the mice receiving BP/DTX@PLGA + NIR
administration showing significantly improved survival (Figure
4d, P < 0.05). Moreover, the following H&E staining also
validated the dramatic decline of metastatic lesions in the lungs

from mice upon BP/DTX@PLGA + NIR administration,
compared to other groups (Figure 4e). Analogous to the
alterations in primary tumors, considerable cellular havoc was
wreaked within metastatic tumors in the lungs from BP/
DTX@PLGA + NIR-treated mice (Figure 4e, yellow arrow-
heads indicate damaged cells), revealing the formidable toxicity
of tumor cells in response to the combinatory chemo-
photothermal treatment.
In contrast to tumor tissues, there was no visible

morphological injuries to various organs including the heart,
liver, spleen, and kidney in mice following diverse treatments,
as manifested by H&E staining (Figure S6). Moreover, no
abnormal parameters were found in blood cell counting, blood

Figure 5. Cellular uptake characterization and BP/DTX@PLGA-induced cytotoxicity. (a) Fluorescent images of 4T1-LG12 cells after incubation
with free Cy5.5 probes, BP@PLGA, and Cy5.5-labeled BP@PLGA at hour 4, as characterized by confocal microscopy. White arrowheads denote
Cy5.5-labeled BP@PLGA. (b) Fluorescent images of 4T1-LG12 cells costained with calcein AM (live cells, in green) and PI (dead cells, in red)
upon DTX at 50 μg/mL or BP/DTX@PLGA (containing the same mass of DTX) at hour 6 with or without NIR laser radiation (1 W/cm2 for 3
min). The bar graph in the right corner indicates the ratios of PI-positive cells vs calcein AM-positive cells. (c) Cell viability of 4T1-LG12 cells
responding to different concentrations of DTX or BP/DTX@PLGA at hour 24 with or without NIR laser radiation (1 W/cm2, 3 min, n = 4), as
determined by the CCK-8 method. (*) P < 0.05 and (#) P < 0.001 relative to that in the BP/PTX@PLGA group. (d) Western blotting analysis of
cell death-associated proteins in 4T1-LG12 cells upon DTX at 50 μg/mL or BP/DTX@PLGA (with the same dose of DTX at 50 μg/mL) at hour
24 with or without NIR laser radiation (1 W/cm2, 3 min).
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biochemical tests, and body weight (Figures S7−S9). These
results indicated the excellent biocompatibility of BP/DTX@
PLGA nanomaterials and the biosafety of the combinatory
therapeutics. Together, our data showed that BP/DTX@
PLGA + NIR therapeutics possessed great promise in
restraining breast cancer lung metastasis by combing the
preferential properties from the nanosystem: remarkable
tropism toward primary tumors and metastatic tumors,
superior photothermal efficacy, and chemotoxicity triggered
by the heat increase from PTT.

■ BP/DTX@PLGA INDUCED MARKED CELL DEATH
OF 4T1-LG12 CELLS

To verify the mechanisms of increased tumor cell death in
primary and metastatic tumors in response to BP/DTX@
PLGA + NIR therapeutics, as described above, we investigated
the cytotoxicity of BP/DTX@PLGA in vitro. As revealed by
the cell counting kit-8 (CCK-8) assay in Figure S10, BP@
PLGA itself did not incur significant cytotoxicity in 4T1-LG12
cells even at high concentrations. Afterward, the intracellular
uptake and distribution of the material in 4T1-LG12 cells were
assessed with Cy5.5-labeled BP@PLGA using the confocal
laser scanning microscopy. Figure 5a shows appreciable
localization of BP@PLGA materials inside the cells, as
characterized by the intense red fluorescence in cytoplasm
(indicated by white arrowheads), in contrast to little
fluorescence in free Cy5.5 probe-treated cells, confirming
BP@PLGA as an ideal delivery vehicle for nanodrugs.48

Furthermore, 4T1-LG12 cells were subjected to various
treatments similar to the in vivo experiments. As shown in
Figure 5b, DTX with or without NIR induced slight cell death,
as observed at a concentration of 50 μg/mL, compared to
untreated cells. It is worth noting that this concentration is
much lower than the cytotoxicity concentration of DTX
reported in previous studies,51,52 indicating rather low
cytotoxicity from DTX itself toward 4T1-LG12 cells. However,
when BP@PLGA served as the drug delivery platform, a
significant inhibition of tumor cell growth was found in BP/
DTX@PLGA-treated 4T1-LG12 cells, as demonstrated by an
approximate 64-fold elevation of propidium iodide (PI)-
positive cells (Figure 5b, P < 0.001) and a 62% reduction of
cell viability (Figure 5c, P < 0.001). Furthermore, to a greater
extent, more dramatic cell growth inhibition was found in cells
responding to BP/DTX@PLGA + NIR treatment, with more
than a 100-fold increase in PI-positive cells (Figure 5b, P <
0.05) and a >84% reduction in cell viability (Figure 5c, P <
0.001), in agreement with the in vivo data, as described above.
In support of these observations, the pro-apoptotic surrogates
including Caspase-8 and Bax were greatly induced in cells
treated with BP/DTX@PLGA ± NIR; meanwhile, antiapop-
totic component Bcl2 was accordingly repressed, as evidenced
by the Western blotting analysis (Figure 5d). Collectively,
these in vitro results unearthed the multimodal mechanisms of
BP/DTX@PLGA nanomaterials in incurring cytotoxicity: the
“Trojan horse”-dependent mechanism for the nanocomposites
to deliver chemotherapeutic agents and combinatory chemo-
photothermal toxicity to induce cell apoptosis.
To summarize, we have developed a multifunctional BP-

based nanodrug, BP/DTX@PLGA, which harbors a high
propensity to precisely target both primary tumors and lung
metastatic tumors and pronounced chemothermal properties
to repress metastatic tumor growth. On one hand, BP/DTX@
PLGA shows tropism to target both primary tumors and lung

metastatic tumors, through which combinatory chemophoto-
thermal therapeutics is fine tuned to eliminate metastatic
tumors in the lung by a temperature increase under NIR laser
radiation. On the other hand, mechanistic investigations
deciphered that expediated DTX release from the nano-
complex triggered by heating and thermal treatment synergisti-
cally cause apoptosis-dependent cell death. Additionally, our
nanocomplex reveals excellent biocompatibility toward diverse
organs. Taken together, this study thus represents a new
multifunctional nanoagent for the effective treatment of cancer
metastasis.
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