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Early detection and improved treatments have 
increased the breast cancer survival rate by 
38 percent since 1989; however, this has led 

to an increasing number of American women 
who require some form of breast reconstruction.1 
Reconstruction with autologous tissues, implants, 
or a combination of both has a number of ben-
efits, particularly related to increase in quality of 
life. As such, breast reconstruction following mas-
tectomy or breast conserving surgery is a key com-
ponent of the multidisciplinary cancer treatment, 

with insurance coverage for such procedures man-
dated by the Women’s Health and Cancer Rights 
Act of 1998.2–4 Breast reconstruction therapies typi-
cally consist of tissue flap procedures or silicone 
implants; however, recent reports indicate that 62 
percent of American and 69 percent of British cer-
tified plastic surgeons perform fat grafting alone 
or as an adjunctive therapy to improve outcomes in 
patients who have undergone flap or implant pro-
cedures.5,6 Analyses of clinical outcomes suggest 
that postoncologic reconstruction with lipofilling 
yields cumulative incidence curves of local recur-
rence comparable to those of other breast recon-
struction procedures, with the possible exception 
of intraepithelial neoplasia, which is not con-
firmed on a long-term basis.7–12 However, concerns 
regarding the oncologic safety of adipose trans-
fer have been raised, and published guidelines 
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growth. In this study, a novel animal model of residual cancer was developed 
in mouse mammary pads to test whether lipofilling impacts the probability of 
locoregional recurrence of breast cancer after breast conserving surgery.
Methods: Mammary fat pads of female NOD-SCID gamma mice were each 
injected with MCF-7 cells in Matrigel. Tumors were allowed to engraft for 2 
weeks, after which time either sterile saline (n = 20) or human fat graft (n = 20) 
was injected adjacent to tumor sites. After 8 weeks, tumors were assessed for 
volume measurement, histologic grade, Ki67 positivity, and metastatic spread.
Results: Animals receiving lipofilling after tumor cell engraftment had lower 
tumor volume and mass (p = 0.046 and p = 0.038, respectively). Macroscopic 
invasion was higher in the saline group. Histologic grade was not significantly 
different in the two groups (p = 0.17). Ki67 proliferation index was lower in 
tumors surrounded by fat graft (p = 0.01). No metastatic lesion was identified 
in any animal.
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of residual breast tumor in a clinically relevant animal model did not increase 
tumor size, proliferation, histologic grade, or metastatic spread. This study sup-
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recommend postponing adipose transfer for 
breast reconstruction to a time when patients are 
considered disease-free, and advocate for careful 
patient selection and close follow-up.13–16

Adipose tissue has a multitude of functions, 
including a strong secretory capacity with paracrine 
and endocrine effects, and is a source of multipotent 
stem cells and immune cells, which may promote 
angiogenesis and tumorigenesis during the wound 
healing response.17–19 Experimental studies combin-
ing cultured adipose-derived stem cells and breast 
cancer cells in co-culture show increased tumor cell 
proliferation, invasive potential, metastatic spread, 
epithelial-to-mesenchymal transition, and angio-
genesis.20,21 Published clinical articles, however, are 
discordant with these in vitro results; thus, there 
is a clear dissociation between in vitro and clinical 
research in terms of fat graft oncologic safety.

To critically study the impact of autologous 
fat grafting on local breast cancer recurrence, our 
group has developed humanized mouse models 
using breast cancer cell lines engrafted in the mouse 
mammary fat pad. Data presented in our recent 
publication using the triple-negative MDA-MB-231 
and HER2-positive, luminal B-like BT 474 cell lines, 
are in line with clinical studies, and our prelimi-
nary results suggest that fat tissue does not increase 
breast cancer cell proliferation in vivo.22 The aim of 
this study was to expand on our previous work with 
the mouse breast cancer model to include a third 
type of breast cancer cell, the MCF-7 luminal A-like 
cell line. Furthermore, we examined the impact of 
grafted lipoaspirate on a range of tumor cell doses 
to determine the impact of adipose tissue on tumor 
presentation and histologic analysis.

MATERIALS AND METHODS

Animals
Forty female, 8- to 10-week-old, NOD-SCID 

gamma mice (stock number 005557; The Jackson 
Laboratory, Bar Harbor, Maine) weighing 22.1 ± 
1.8 g were used in this study. Animals were housed 
five per cage in a pathogen-free environment, with 
a 12-hour light/12-hour dark cycle, and had access 
to water and food ad libitum. All procedures and 
animal care were performed in accordance with a 
protocol approved by the University of Pittsburgh 
Institutional Animal Care and Committee (proto-
col number 1506677). NOD-SCID gamma mice 
are considered the best animal model for xeno-
grafts and were chosen for this study because one 
of the key features of the present model was to 
include only human cells both in breast cancer 
and in fat graft.

Xenograft of the Breast Cancer Cell Line MCF-7
Animals were injected with MCF-7 breast can-

cer cells, purchased from ATCC (Manassas, Va.). 
Before use, cells were culture expanded in Dul-
becco’s Modified Eagle Medium, 10% fetal bovine 
serum, 1% penicillin/streptomycin (penicillin 
10,000 U/ml and streptomycin 10,000 µg/ml), 
and 0.5% amphotericin-B (250 µg/ml). All cell 
culture products were purchased from BioWhit-
taker (Lonza, Basel, Switzerland), unless stated 
otherwise.

On the day of injection, cells that were 70% con-
fluent were trypsinized and resuspended in fresh 
medium. Two cellular aliquots were prepared: 
tumorigenic cells and accessory cells, which were 
nonproliferative cells included to minimize loss of 
tumorigenic cells during handling and delivery. 
Accessory MCF-7 cells were prepared by irradiat-
ing cells at 100 Gy by a Gammacell 1000 irradiator 
(Nordion, Ottawa, Ontario, Canada), and then 
counting and distribution at 10,000 cells per 25 µl 
of medium into each well of a 96-well, V-bottom, 
polypropylene plate. We used a MoFlo Astrios cell 
sorter (Beckman Coulter, Indianapolis, Ind.) to 
ensure that a precise number of viable MCF-7 cells 
were included in each injection aliquot.  Imme-
diately prior to sorting, 4′,6-diamidino-2-phenylin-
dole was added to a final concentration of 2 μg/
ml as a viability exclusion dye.  Cell sorting was 
performed using a blue 488-nm laser to obtain 
forward scatter and side scatter and a violet 405-
nm laser for viability. Sort logic and gates are dem-
onstrated in Figure 1. Cells were sorted at 1000 
events/second through a 100-μm tip under a pres-
sure of 29 psi. A total of 1000 cells were deposited 
per well into a sterile 96-well plate. After cell sort-
ing, 25 µl of Matrigel (Corning, Tewksbury, Mass.) 
was added to each well (total volume, 50 µl), and 
plates were kept on ice until the time of injection.

Animals were anesthetized with isoflurane 
3%, and 70% ethanol was used for antisepsis. Cells 
and Matrigel (50 µl) were aspirated into a 0.5-ml 
syringe connected to a 28-gauge needle (0.5-ml 
BD Lo-Dose U-100 Insulin Syringe, 28-gauge, 0.5-
inch; Becton Dickinson, Franklin Lakes, N.J.) 
and injected into four unique sites in mammary 
fat pads, including the second right, second left, 
fourth right, and fourth left. After xenograft injec-
tions, animals received a subcutaneous nuchal 
dose of ketoprofen 5 mg/kg and were observed 
closely for 72 hours for signs of pain or distress. 
Animals were assessed daily to confirm general 
health condition and palpated once per week to 
assess tumor growth.
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Fat Graft Intervention
Two weeks after MCF-7 xenografting, animals 

were divided into two groups, with 20 animals 
receiving 100 µl of 0.9% sterile saline injection 
(saline group) and 20 animals receiving 100 µl 
of human lipoaspirate (lipo group). To perform 
injections, animals were anesthetized, and skin 
was prepared with alcohol and punctured with a 
16-gauge beveled needle. Incisions were sealed 
with Vetbond (3M, St. Paul, Minn.). Adipose tis-
sue was prepared before injection using the Cole-
man technique.23 Particulated human abdominal 
tissue was collected through a multiperforated 
3-mm blunt cannula connected to a 10-ml syringe, 
washed with saline, and collected with centrifuga-
tion at 1260 g for 3 minutes. Adipose tissue par-
ticles were then distributed into 1-ml Luer-Lok 
(Becton Dickinson) syringes. Xenografts and fat 
graft procedures are illustrated in Figure 2.

Abdominal adipose tissue was obtained from 
a 57-year-old woman (body mass index of 28 kg/
m2) during elective abdominoplasty. Specimen 
collection was performed in accordance with an 
exemption granted by the University of Pittsburgh 
Institutional Review Board (number 0511186) for 
collecting discarded human tissue, without need 
for consent to participate in the study, provided 
that no identifiable patient data were obtained.

Macroscopic Tumor Evaluation
Animals were euthanized 8 weeks after fat graft 

or saline injection and necropsy was performed 
immediately. Tumors and adipose tissue were dis-
sected, photographed, measured for size, weighed 
in a high-precision scale (Sartorius Weighing 
Technology, Göttingen, Germany), and measured 

for volume using a gas pyknometer (AccuPyc II 
1340; Micrometrics, Norcross, Ga.). Spleen, liver, 
and lungs were dissected and screened for mac-
roscopic metastasis. Human adipose tissue was 
dissected and assessed for tissue integrity. Both 
tumors and adipose tissue were preserved in for-
malin and assessed histologically.

Histologic Evaluation
Slides from tumor samples were prepared for 

hematoxylin and eosin and human-specific Ki67 
(Clone MIB-1; Dako, Carpinteria, Calif.). Ki67 is 
a nuclear protein that is expressed in replicating 
cells and is often used to calculate a proliferation 
index in breast tumors. Transplanted adipose tis-
sue viability was assessed using positive expression 
of perilipin, and hematoxylin and eosin used to 
observe general tissue architecture. Spleen, liver, 
and lungs were assessed with hematoxylin and 
eosin as well.

For hematoxylin and eosin staining, samples 
were deparaffinized in xylene, rehydrated in 
decreasing concentrations of ethanol solutions 
using a standard histologic protocol, and incu-
bated in Weigert hematoxylin for 15 minutes. Sam-
ples were then differentiated in a hydrochloric 
acid in ethanol solution for 1 minute, incubated 
in Scott’s tap water for 2 minutes, and incubated 
in alcoholic eosin for 2 minutes. Finally, samples 
were dehydrated, mounted with Permount (Ther-
moFisher Scientific, Grand Island, N.Y.), and 
dried overnight.

To stain for Ki67, slides were deparaffinized 
and rehydrated using standard protocol. Antigen 
retrieval was performed with Diva Decloaker (Bio-
care Medical, Concord, Calif.) retrieval solution 

Fig. 1. Sort logic for live MCF-7 cell sorting into plates. (Left to right) Single cells (73.9 percent of total events) are discriminated 
from cell clusters (left); 4′,6-diamidino-2-phenylindole exclusion is used as a criterion for viable cells (74.6 percent) (center); final 
sort gate includes only viable single cells with typical light scatter (92.6 percent) (right). Percentages represent percentage of the 
gated population. SSC, side scatter; FSC, forward scatter.
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(pH 6.2) and a decloaking chamber at 120°C. 
The slides were stained with an Autostainer Plus 
(Dako) with Tris-buffered saline and Tween 20 
rinse buffer (Dako). Ki67 antibody was applied at 

1:100 dilution. The secondary antibody consisted 
of Envision Dual Link plus (Dako) horserad-
ish peroxidase polymer. The substrate used was 
3,3′-diaminobenzidine plus Chromogen Solution 
(Dako). Lastly, the slides were counterstained with 
hematoxylin (Dako), dehydrated, and mounted 
with Permount.

For perilipin immunohistochemistry, slides 
were deparaffinized, rehydrated, and treated in 
citrate buffer retrieval solution (pH 6) at 100°C 
for antigen retrieval. Slides were washed with Tris-
buffered saline and Tween 20 rinse buffer (Dako), 
and Sudan Black B was applied to reduce tissue 
autofluorescence. The primary antibody was 
Progen (Progen Biotechnik GmbH, Heidelberg, 
Germany), used in a 1:50 dilution. The second-
ary antibody consisted of tetramethylrhodamine 
isothiocyanate anti-guinea pig in a 1:100 dilu-
tion. Lastly, the slides were counterstained with 
4′,6-diamidino-2-phenylindole and mounted with 
fluorescent mounting media.

Histologic assessment of tumors was per-
formed by a blinded breast pathologist: tumor 
detection, histologic grade according to Scarff-
Bloom-Richardson,23 and Ki67 index; and screen-
ing of spleen, liver, and lungs for metastasis. Fat 
grafts were studied for fat tissue architecture 
integrity and vascularization.

Statistical Analysis
Data of tumor volume and mass were log trans-

formed for statistical analysis and compared with 
a two-tailed t test; Ki67 indexes were compared 
with a two-tailed t test; and histologic grade scores 
were compared using the Mann-Whitney test. Sig-
nificance was p < 0.05 and tests were performed 
using SYSTAT 13 software (Systat Software, Inc., 
Chicago, Ill.) and IBM SPSS Version 20 (IBM 
Corp., Armonk, N.Y.).

RESULTS

Animal Mortality
At 72 hours after intervention, one animal 

receiving lipoaspirate died; however, no associa-
tion with surgical procedure itself was identified. 
No other adverse events occurred.

Necropsy Findings
During necropsy, all sites injected with cancer 

cells had macroscopic tumors evident in mam-
mary fat pads 8 weeks after xenografting (Fig. 2, 
above). No enlarged lymph nodes were found in 

Fig. 2. Macroscopic tumor from a saline group animal, 8 weeks 
after xenografting, demonstrating intimate location of tumor 
within mammary fat pad, found in 100 percent of tumors in 
this group (above). Macroscopic aspect of tumors and fat graft 
from a lipo group animal, 8 weeks after xenografting, showing 
tumor and fat graft co-located with mammary fat pads, which 
was detected in 100 percent of subjects in this group (cen-
ter); sample of tumor and fat graft after resection, illustrating 
deep adherence and the absence of a clear dissection plane 
between them, which occurred in 43 percent of fat grafts 
(below).
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axillary or groin regions. No macroscopic metas-
tases were identified on liver, lungs, or spleen.

Macroscopically identifiable adipose tissue 
was present in all fat graft sites 6 weeks after fat 
injection (Fig. 2, center). Average volume reten-
tion was 62.7 ± 22.3 percent. Adipose tissue was 
co-located with tumors in 100 percent of sites; in 
43 percent of sites, they were strongly adherent to 
tumors (Fig. 2, below). Macroscopic tumor invasion 
in neighboring muscle, skin, and peritoneum was 
observed in both saline and lipo groups; however, 
histologic analysis of invasion was not performed, 

as it would have interfered with tumor volume 
measurements.

Table 1 shows the measured tumor mass and 
volume in the lipo and saline groups expressed as 
mean ± SEM. The volume (0.075 ± 0.010 cm3) and 
mass (0.083 ± 0.011 g) of tumors in mice in the 
lipo group were significantly smaller than volume 
(0.085 ± 0.008 cm3) and mass (0.098 ± 0.009 g) in 
saline controls (p = 0.046 for volume; p = 0.038 for 
mass).

Histology
The histologic grade and percentage of Ki67-

positive cells were calculated for tumors from 
both lipo and saline mice. No difference in histo-
logic grade (Fig. 3)24 was detected (p = 0.17), and 
a significantly lower Ki67 index was found in lipo 
animals (p = 0.01) (Fig. 4). Analysis of adipose tis-
sue architecture suggested that tissue architecture 
was normal in all samples, with few oil cysts and a 
typical vascular pattern. Adipocytes within grafts 
were positive for perilipin expression, suggesting 

Table 1. Tumors Volume and Mass at 8 Weeks*

Group Tumor Volume (cm3) Tumor Mass (g)

p = 0.046† p = 0.038†
Saline 0.085 ± 0.008 0.098 ± 0.009
Lipo 0.075 ± 0.010 0.083 ± 0.011
*Average volume in cubic centimeters and mass in grams with 
respective standard error of the mean in the saline and lipo groups 
and two-tailed t test p value.
†Statistically significant (p < 0.05).

Fig. 3. Histologic grade assessment. Hematoxylin and eosin–stained slides were prepared for 
saline group tumors (above, left) and lipo group tumors (above, right), and a histologic score was 
given to each of them based on tubular/glandular differentiation, nuclear pleomorphism, and 
mitotic count (according to Bloom and Richardson). Scale bars = 200 µm. Percentage of tumors 
according to histologic grade (1, 2, or 3) based on Bloom and Richardson scores in the saline 
(below, left) and lipo groups (below, right). The majority of tumors in both groups were grade 3, 
and there was no difference between groups in terms of histologic grade (p = 0.17).
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that adipocytes were viable (Fig. 5). Liver, lung, 
and spleen were histologically screened for metas-
tasis. No metastatic lesion was detected in any ani-
mal (Fig. 6).

DISCUSSION
Although the number of studies on fat graft-

ing alone or in conjunction with flaps or implants 
for postoncologic breast reconstruction have 
increased 60-fold over the past 20 years, approxi-
mately 50 percent of American plastic surgeons 
have expressed concern that the lack of evidence 
of fat graft safety is an obstacle for procedure 
use.5–9 Most reported clinical studies consist pri-
marily of case series or retrospective cohorts, and 
suggest that fat grafting does not increase local 
recurrence or metastatic spread.7–14

Current experimental evidence is discordant 
with clinical outcomes, and data from several in 
vitro studies suggest that components of adipose 
tissue increase tumor cell growth and thus, when 
extrapolated, suggest that perhaps tumor forma-
tion or recurrence would also be increased in 
vivo.25 From such studies, authors conclude that 
secretory factors from adipose tissue may interact 
with tumor cells and result in increased tumor 

invasiveness, metastatic potential, and expression 
of genes related to malignancy.13,18,21,26–34 These 
secretory factors include adiponectin, leptin, 
resistin, metalloproteinase 11, hepatocyte-derived 
growth factor, collagen VI, interleukins 6 and 8, 
transforming growth factors alpha and beta, plate-
let-derived growth factor, vascular endothelial 
growth factor, and stromal cell–derived factor 1, all 
with both paracrine and endocrine effects.17,18,20,21 
Although in vitro analyses of isolated cells have 
been instrumental in isolating components of 
adipose that may impact tumor physiology, a con-
current drawback is that this does not adequately 
replicate the complex tissue milieu and thus 
tumor cell behavior in culture may not sufficiently 
represent the true in vivo scenario.

Several preclinical studies include in vivo 
experiments. However, current animal mod-
els have many shortcomings. Typically, animals 
receive ectopic breast cancer xenografts, pre-
venting tumors from growing within the breast 
microenvironment; breast cancer cells are grafted 
at the same time as adipose-derived stem cells, 
which models the development of a primary 
breast tumor in the presence of fat tissue, and a 
high number of breast cancer cells and adipose-
derived stem cells (e.g., 1 × 106) are studied.28–33 

Fig. 4. Proliferative index. Immunohistochemistry for Ki67 in a saline group tumor (above, left) and 
a lipo group tumor (above, right); both are highly proliferative. Scale bars = 200 µm. Percentage of 
Ki67-positive cells in saline and lipo groups (below). Lower proliferation index was demonstrated 
in tumors to adjacent fat graft (p = 0.01). Error bars = SEM.
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Therefore, current in vivo experimental models 
are far from the clinical scenario of a breast can-
cer patient undergoing breast conserving surgery 
and breast reconstruction with fat grafting. New 
clinically relevant animal models should provide 
additional information to correlate experimental 
in vitro and clinical studies.

A recent study from our group proposed an 
experimental model of local breast recurrence in 
the setting of autologous fat grafting for breast 
reconstruction. Both subcutaneous co-injections 
and mammary fat pad injections of breast can-
cer cells and fat graft with an interval of 2 weeks 
were performed. Cell lines used were highly pro-
liferative triple-negative MDA-MB-231 and slow-
growing luminal B–like, HER2-positive, BT 474. 
A very small number of cancer cells (10 to 104 

for MDA-MB-231 and 10 to 106 for BT 474) was 
injected. Only MDA-MB-231 formed tumors in the 
co-injections with fat graft, but presented lower 
proliferation. When fat graft was injected 2 weeks 
after cancer cells, MDA-MB-231 had reduced pro-
liferation and increased fibrosis.22

This previous study was the first to point out 
that fat grafting might reduce cancer prolifera-
tion in an experimental model in mice. In the 
present study, the MCF-7 cell line, derived from 
human breast adenocarcinoma, was used to 
model residual breast cancer in a mouse mam-
mary pad. This cell line was chosen because of 
epithelial morphology and hormone (estrogen 
and progesterone) receptor similarity to luminal 
A cancer, the most common type of breast can-
cer.35–37 However, this also presents a study limita-
tion in that the cell line is immortalized, highly 
proliferative, and more invasive than tumor iso-
lates, and thus does not reproduce tumor hetero-
geneity and dormant tumor cells. To mitigate this 
limitation, a very small number of tumor cells (i.e., 
1000) was used in this study to replicate residual 
tumors as opposed to the majority of in vivo mod-
els that use high numbers of breast cancer cells 
prepared by dilution of cell suspensions.38–40 The 
number of injected cells for this study was mea-
sured carefully using cell sorting, as opposed to 
dilution, which also eliminated cell clumping and 
nonviable cells. Moreover, in the present study, 
the intervention was actual fat graft as opposed to 
isolated and cultured adipose-derived stem cells, 
which represent a small cellular subpopulation of 
fat tissue and might have their secretory profile 
modified by isolation and culture.41,42

Our results suggest that that tumor volume 
and Ki67 expression were reduced with fat graft 
compared to saline controls, and we hypothesize 
that this effect was caused partially by mechanical 
pressure exerted by adipose tissue immediately 
adjacent to tumors. Solid stress in tumor surround-
ings, such as the presence of transferred adipose 
tissue, can affect cancer growth both by direct cell 
compression (reducing proliferation and inducing 
apoptosis), and by compressing blood and lym-
phatic vessels (causing tumor hypoxia and dissemi-
nation).43,44 The fact that mechanical stress around 
solid tumors reduces proliferation may be related 
both to smaller tumor volume and to a lower Ki67 
index in the lipo group. However, a few recent 
studies suggest the possibility of an additional 
explanation. It has been demonstrated that some 
components of adipose tissue, such as mesenchy-
mal stem cells, may have an antitumorigenic effect, 
depending on specific paracrine input.45

Fig. 5. Fat grafts were collected during necropsy and evaluated 
histologically. (Above) Hematoxylin and eosin staining demon-
strates preserved fat architecture. Scale bar = 500 µm. (Below) 
Perilipin staining shows fluorescence in the inner layer of lipid 
droplets inside adipocytes, confirming the presence of meta-
bolically active adipose tissue in fat grafts after 8 weeks. Scale 
bar = 100 µm.
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Histologic grade similarity is believed to be 
expected when dealing with cell lines, as they tend 
to form homogeneous tumors. Also, the absence 
of metastatic spread is a common finding in cell 
line xenografts, even when they are of metastatic 
origin.46

As an effort to design a new experimental model, 
the present study has a few shortcomings. The 
MCF-7 cell line is the most commonly used breast 
cancer cell line and best compared to luminal A 
breast cancer. However, we did not investigate other 
cancer lines. The use of a single donor for fat graft 
was an attempt to control bias from heterogeneity 
of fat among different patients and different donor 
sites; however, it represents a limitation, and we plan 
to use multiple donors in future studies. Moreover, 
while the model is designed to represent retained 
tumor after breast conserving surgery by injecting 
a small number of cancer cells into mammary fat 
pads, an actual surgical excisional procedure analo-
gous to a lumpectomy was not performed.

Because of breast cancer heterogeneity, 
the search for an ideal experimental model is 

challenging. The type of study, the hypothesis 
to be tested, and the experimental design deter-
mine the relative value of the model.47 Future 
studies in lipofilling oncologic safety should also 
be performed in immunocompetent animals, as 
immune cells have a very important role in tumor-
stroma and tumor–stem cell signaling. Addition-
ally, primary breast tumor cells should be used as 
well as cell lines. Different controls able to exert 
long-term mechanical effects on tumors should 
be compared to fat graft, such as fillers, acellular 
dermal matrix, or whole dermis.

CONCLUSIONS
Fat grafting performed in the setting of resid-

ual breast tumor in a clinically relevant animal 
model did not increase tumor size, mass, prolif-
eration, histologic grade, or metastatic poten-
tial. Indeed, tumor size after fat grafting even 
decreased. These findings support the oncologic 
safety of fat grafting for breast reconstruction 
after cancer therapy.

Fig. 6. Metastasis screening. Macroscopic aspect of liver, lung, and spleen specimens collected from an animal during nec-
ropsy. No macroscopic metastasis was identified (above, left). Histologic screening for metastasis was performed on liver 
(above, right), spleen (below, left), and lung (below, right). No microscopic metastasis was identified in hematoxylin and 
eosin–stained slides. Ruler on macroscopic photograph (above, left) indicates diameter in centimeters. Scale bars on hema-
toxylin and eosin microscopic images correspond to 100 μm.
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