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Abstract

Objective: The objective of this study was to examine the impact of dehydrated human amnion/
chorion membrane (dHACM] allografts on prostate and bladder cancer growth in the setting of
residual disease and positive surgical margins.

Materials and methods: A commercially available version of dHACM was used. Cytokines
were identified and quantified, followed by comparative analysis of cell growth in two different
human cell lines: prostate cancer (LNCaP) and bladder cancer (UM-UC-3), in vitro and in

vivo. Tumor growth between the two groups, membrane versus no membrane implant, was
compared and immunohistochemistry studies were conducted to quantify CD-31, Ki-67, and
vimentin. A Student’s unpaired t-test was used to determine statistical significance.

Results: The UM-UC-3 and LNCaP cells grew quicker in medium plus 10% serum and dHACM
extract than in the other media (p = 0.03). A total of 28 distinct cytokines were found in the
extract, 11 of which had relatively high concentrations and are associated with prostate and
bladder cancer tumor progression. In vivo LNCaP model, after 10 weeks, the median tumor
volume in the membrane group was almost threefold larger than the partial resection alone

(p = 0.01). Two weeks after resection, in the UM-UC-3 model, the membrane group reached
fourfold larger than the partial resection without membrane group (p < 0.01). In both groups,
the expression of CD-31 and Ki-67 markers were similar and showed no statistical significance
(p > 0.05). It was only in the LNCaP tumors that vimentin expression was significantly higher in
the group without membrane compared with the membrane group (p = 0.008).

Conclusion: The use of dHACM after partial tumor resection is related to faster tumor relapse
and growth in prostate and urothelial cancer in vivo models, showing a potential risk of rapid
local recurrence in patients at high risk of positive margins.
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Introduction

The therapeutic benefits of human amnion/chorion
tissue grafts for wound healing has been studied
and established in clinical practice over several dec-
ades.! Native human amniotic membrane contains
cytokines such as growth factors and interleukins
that are known to play a central role in the

physiological process of normal wound healing and
tissue regeneration.? Recently, standardized meth-
ods for tissue preparation and dehydration have
been developed with the intent to preserve and
maintain the biological activities inherent in the
native amnion in the form of a shelf-stable com-
mercialized product. This process is purported to
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retain the natural growth factors and interleukins
contained in the amnion and chorion, allowing
these membranes to be rehydrated for utilization as
a biologic bandage or scaffold to promote localized
tissue healing in a variety of surgical settings.2

In a recent study, Patel et al. suggested that
important functional benefits, such as early recov-
ery of continence and potency, could be signifi-
cantly improved by using dehydrated human
amnion/chorion membrane (dHACM) allografts
wrapped around the prostatic neurovascular
bundle at the time of robotic-assisted radical
prostatectomy (RP).> However, the use of a
growth-promoting material in the oncologic sur-
gery setting carries the potential elevated risk of
local cancer recurrence. Certain growth factors
and interleukins (e.g. IL-8) that may be present in
dHACM and related to tissue healing have also
been associated with tumor pathogenesis and dis-
ease progression.* Although these substances are
normally present at physiologic levels in surgically
manipulated tissues, the effect of exogenous,
unregulated factors in this environment, espe-
cially in the setting of positive surgical margins,
could create a microenvironment that enables
local disease persistence or recurrence.

To better understand the effect of these materials
on cancer cells that might be present in the setting
of residual disease and positive surgical margins,
we examined the impact of dHACM on cancer
growth characteristics in a series of experiments
using both i vitro and in vivo models. Studies
were replicated in two different urologic human
cancers: prostate cancer and urothelial cancer.

Material and methods

Preparation of dHACM

All studies were performed with a commercially
available version of dHACM (AmnioFix,
MiMedx Group, Marietta, GA, USA). To make
the dHACM extracts for the in vitro experiments,
a2 cm X 12 cm membrane sheet was minced and
incubated in phosphate buffered saline (PBS) at a
concentration of 10 mg/ml. The membrane was
incubated at 4°C for 24 h and remaining mem-
brane fragments were filtered out. To make the
dHACM extracts for the i vivo studies, a 2 cm X
12 cm membrane sheet was rehydrated in PBS
and cut in 10 mm X 10 mm squares for implanta-
tion in the tumor bed following partial tumor
resection. Three samples of the membrane extract

were submitted to Discovery Assay service (Eve
Technologies Corporation, Calgary, AB, Canada)
to identify and quantify the cytokines.

In vitro experiments

We performed a comparative analysis of cell
growth in two different human cell lines (American
Type Culture Collection): prostate cancer
(LNCaP) and bladder cancer (UM-UC-3).
LNCaP cells were cultured in RPMI (Roswell
Park Memorial Institute) medium containing 2
mM L-glutamine and 1X penicillin/streptomy-
cin. UM-UC-3 cells were cultured in EMEM
(Eagles Modified Essential Media) containing 2
mM L-glutamine and 1X penicillin/streptomy-
cin. Each cell line’s basal medium was supple-
mented with either fetal bovine serum (FBS) or
dHACM extract in four different combinations to
test the effect of the cytokines found within the
dHACM membrane on cell proliferation. The
four different culture conditions were (1) basal
medium + 2%FBS (BM2%), (2) basal medium
plus 10% dHACM membrane extract ({HACM
extract), (3) basal medium plus 10% serum
(BM10%), and (4) basal medium plus 10%
serum + 10%dHACM extract. Cells were plated
in a 24-well plate at a concentration of 100,000
cells per well. After 72 h, the plate was washed
with PBS to remove unattached cells and the Cell
Titer Glo 2.0 assay (Promega) was performed to
quantify the cells, based on the relative light unit
(RLU) measurement. This assay was repeated
four times for statistical analysis.

In vivo experiments

All animal work was performed in accordance with
a protocol approved by the Institutional Animal
Care and Use Committee of Memorial Sloan
Kettering Cancer Center. After institutional
approvals, we used 45 severe combined immuno-
deficiency (SCID) mice for the LNCaP flank injec-
tions and 30 nude mice for UM-UC-3 flank
injections. The time between the injection and the
surgical resection was 36 days for LNCaP and 21
days for UM-UC-3, with a tumor take rate and
mean tumor volume of 55%/150 mm? and 95%/411
mm?, respectively. Two groups were created: par-
tial resection (# = 10) and partial resection plus
membrane implant (z = 10). The surgery was per-
formed under general anesthesia with isoflurane
(Figure 1A). A 1 cm incision was made on the lat-
eral border of the tumor for partial resection of the
tumor and membrane onlay implant (Figure 1B).
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Figure 1. Partial tumor resection (>90%) and dehydrated human amnion/chorion membrane (dHACM)
implantation technique: (A) tumor preparation, inhaled isoflurane was used for anesthesia; (B) a 1 cm incision
was made on the lateral border of the tumor; (C) the tumor parameters were measured and (D) underwent
partial resection (>90% of the tumor volume); (E) mice randomized to dHACM membrane implantation had a
pre-prepared 1 cm X 1 cm amniotic membrane sheet (AmnioFix) square segment was implanted directly on

the tumor bed.

After dissection, the tumor length was measured
(Figure 1C) and approximately 90% of the tumor
was resected with the remaining part duly attached
to collateral vessels (Figure 1D). The resected
tumor was weighed in all surgical groups. In the
membrane group, a 10 mm X 10 mm dHACM
sheet was implanted on the tumor bed (Figure 1E).
The skin was closed with staples, and a subcutane-
ous dose of meloxicam was used for local analgesia.
From the first week following surgery, biweekly
measurements of the tumors were performed. Mice
who presented with no palpable tumors after 15
days were excluded from the study as they likely
underwent a complete resection. Mice whose
tumors reached 2000 mm?3 were euthanized, and
the tumors were harvested for histology assessment
by a board-certificated veterinary pathologist

(Sebastien Monette). Tumor growth speed (TGS)
was analyzed and compared between the two
groups: with membrane versus without membrane.
Established TGS was defined by the formula:
tumor volume median (mm?®)/days after tumor
injection.

All tumor specimens were fixed in 10% neutral
buffered formalin, routinely processed in alcohol
and xylene, embedded in paraffin, sectioned at 5
pm, and stained with hematoxylin and eosin
(H&E) and immunohistochemistry (IHC) at the
Laboratory of Comparative Pathology at Memorial
Sloan Kettering Cancer Center on a Leica Bond
RX automated stainer (Leica Biosystems, Buffalo
Grove, IL). Following heat-induced epitope
retrieval at pH 9.0, the primary antibody against
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Table 1. Cytokines detected in dHACM extract by Human Cytokine 42-Plex Discovery Assay. For each protein,
seven standard levels were described based on the lowest (1) to highest (7) concentration expected in the
medium solution (parameter logistic standard curve [SC]). We defined low concentration as SC < 4 (SC 2 or 3],
intermediate as SC = 4, and high as SC > 4 (SC 5, 6, or 7).

Intermediate High

Low
Growth EGF, FGF-2, G-CSF, GROq,
factors MCP-3, MDC, PDGF-AA

Interleukins IL-1a, IL-4, IL-6, IL-18

MMP MMP-12

TIMP TIMP-4

PDGF-BB TGF-B1, TGF-B2, IP-10,
MCP-1, MIP-1a, CCL5

IL-15 IL-1RA, IL-8

- MMP-2, MMP-8, MMP-9,
MMP-10

— TIMP-1

CCL5, chemokine ligand 5; EGF, epidermal growth factor; FGF, fibroblast growth factor; G-CSF, granulocyte colony-
stimulating factor; GRO«, growth-regulated protein alpha; IP-10, interferon gamma-induced protein 10; MCP, monocyte
chemotactic protein; MDC, mediator of DNA damage checkpoint; MIP, macrophage inflammatory protein; MMP, matrix
metalloproteinase; PDGF, platelet derived growth factors; TGF, transforming growth factor; TIMP, tissue inhibitor of

metalloproteinases.

CD-31 (DIA-310, Dianova, Hamburg, Germany),
Ki-67 (ab16667, Abcam, Cambridge, MA), or
vimentin (5741, Cell Signaling, Danvers, MA) was
applied at a concentration of 1:250, 1:100, and
1:250, respectively, followed by application of a
polymer detection system (IDS9800, Novocastra
Bond Polymer Refine Detection, Leica Biosystems)
adhering to the manufacturer’s instructions. For all
IHC stains, the chromogen was 3,3'-diaminobenzi-
dine tetrachloride (DAB), and sections were coun-
terstained with hematoxylin. Whole-slide digital
images were generated on a scanner (Panoramic
250 Flash III, 3DHistech, 20X/0.8NA objective,
Budapest, Hungary) at a resolution of 0.2431 pum
per pixel. Staining quantification was performed
with QuPath 0.1.3.5> For CD-31 and Ki-67, the
region of interest (ROI) was defined as viable tumor
tissue excluding necrosis. For vimentin, the ROI
was defined as viable tumor tissue and surrounding
stroma, excluding necrosis. For CD-31 and vimen-
tin, the positive area, defined as the ratio of DAB
stained pixels to total ROI area, was measured using
the positive pixel count algorithm. For Ki-67, the
ratio of cells with positive nuclear staining to total
cell number was measured with the positive cell
detection algorithm. ROI selection, algorithm opti-
mization, and validation and qualitative examination
of H&E slides were performed by a board-certified
veterinary pathologist (Sebastien Monette).

Statistical analysis
Statistical analyses were performed using IBM
SPSS Statistics v25 and reported with GraphPad

Prism v7.01. Student’s unpaired z-test was used
to determine statistical significance at the 95%
confidence level for ROI analysis and two-way
analysis of variance (ANOVA) test. The alpha
level was set at 0.05 for tests of statistical
significance.

Results

In vitro experiments

Twenty-eight cytokines were found in the
extract, 13 of which presented with high con-
centrations and are associated with tumor pro-
gression (Table 1). The LNCaP and UM-UC-3
cell lines proliferated in similar patterns in each
of the different media according to the RLU. In
the LNCaP cell line (Figure 2A), the average
luminescence increased 69% in the BM10%
plus 10%dHACM extract (7.2 X 107 RLU)
compared with BM2% alone (13 X 107 RLU)
(p = 0.09). The difference of cell growth among
the other three cell culture conditions (exclud-
ing BM10% plus 10%dHACM), was not statis-
tically significant (p = 0.17). The UM-UC-3
cells (Figure 2B) in the medium containing
BM10% plus 10%dHACM extract presented
with an average luminescence of 1.3 X 108
RLU; compared with BM2%, this was an almost
twofold increase in cell growth (p < 0.01). Once
again, the results from the other cell culture
conditions (BM2%, BM2% plus 10% dHACM
extract, and BM10%) showed no statistical sig-
nificance (p = 0.19).
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Figure 2. Cell growth analysis by relative cells units [RLU] count of LNCaP and UM-UC-3 lines in vitro
experiments. LNCap and UM-UC-3 cells demonstrated enhanced cellular proliferation in the presence of both
dehydrated human amnion/chorion membrane (dHACM] extract and BS10% compared with BS10% only. For
both cell lines, similar growth patterns were observed in the presence of BS2%only, BS10% only, and dHACM

extract only.

Table 2. LNCaP and UM-UC-3 tumor volume and weight comparison after resection in the partial tumor

resection model.

Partial resection Partial resection p value
without dHACM with dHACM
LNCaP Number of mice 9 10
Median resected tumor 144 (58-382) 154 (58-697) 0.74
volume, mm (range)
Median resected tumor 80 (52-600) 112 (14-590) 0.67
weight, mg (range)
UM-UC-3 Number of mice 8 8
Median resected tumor 284 (137-756) 344 (143-840) 0.29
volume, mm (range])
Median resected tumor 35 (11-63) 29 (10-83) 0.64

weight, mg (range)

In vivo experiments

No significant differences were found in the vol-
ume and weight of the tumors after partial resec-
tion between the two groups: membrane
implantation and partial resection alone (Table
2). Local recurrence was observed in 70% and
90% of mice with positive surgical margins,
LNCaP and UM-UC-3 tumors, respectively. Six
mice (24%) with LNCaP cells and two mice

(11%) with UM-UC-3 cells did not develop
tumors after resection and were excluded from
the study. At least 90% of the tumor’s mass was
removed, based on preoperative measurement,
and one tumor’s vessel branch was left intact
(Figure 1A-E).

dHACM, dehydrated human amnion/chorion
membrane.
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Figure 3. Tumor volume growth in LNCaP and UM-UC-3 lines before and after partial resection in in vivo
models. In both cell lines, mice who underwent dehydrated human amnion/chorion membrane (dHACM]
implantation had larger tumors compared with those who did not receive dHACM allografts.
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Figure 4. LNCaP and UM-UC-3 tumor growth speed (TGS) analysis performed at three timepoints: (A) before
resection (established TGS); (B) 1 week post-resection (early TGS); and (C) after 1 week post-resection

(recurrent TGS). Over time in both LNCaP and UM-UC-3

models, TGS was faster in mice who underwent

dehydrated human amnion/chorion membrane (dHACM) implantation compared with those who did not.

In the presence of dHACM, there was evidence
of increased absolute tumor volumes compared
with partial resection alone. In the LNCaP model,
the tumor volumes 70 days after partial resection
(day 106) in the dHACM group was larger com-
pared with partial resection without dHACM
group (408 mm? wversus 150 mm?, p 0.01)
(Figure 3A). Similar effects were observed in
UM-UC-3 tumors. Fifteen days after partial
resection (day 35), tumor volume in the dHACM
group was fourfold larger compared with tumor
volume in the partial resection alone group (2884
mm? versus 767 mm?, p < 0.01) (Figure 3B).

Prior to surgical resection, LNCaP tumors had
the same median established tumor growth speed
in both groups (established TGS = 4.6 mm?/day)
(Figure 4A; Table 3). Twenty days after partial
resection (day 56), the median TGS decreased
around threefold in both groups to 1.1 mm?/day.
The TGS of the LNCaP tumors that underwent
partial resection with dHACM placement had a
consistent increase (2.27 mm?>day at 28 days

after surgery) and returned to the presurgery
TGS (4.6 mm?/day) 70 days after partial resec-
tion. Over the same 70 days period, the TGS of
the partial resection without dHACM model
remained stable at 1.2 mm?day and did not
return to the presurgery TGS.

dHACM, dehydrated human amnion/chorion
membrane; TGS, tumor growth speed.

Similar to the LNCaP model, in the UC-UM-3
tumors, no significant differences were seen in the
established TGS between tumors that underwent
partial resection with dHACM and those without
dHACM (16.3 mm?/day wersus 13.5 mm?>/day;
p = 0.4) (Figure 4B; Table 3). In contrast,
UM-UC-3 tumors had important differences in
TGS between the groups. In tumors with
dHACM, the TGS 10 days after tumor resection
(day 30) was twice as high compared with the
presurgery established TGS (31.6 mm?3/day versus
16.3 mm?/day; p < 0.05). However, in tumors
without dHACM, early TGS was significantly
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Table 3. LNCaP and UM-UC-3 tumor volume measurements before and after partial resection.

A: Established B: Early TGS  C: Recurrent TGS  Recurrent TGS/
TGS (mm3/day)  (mm?3/day) (mm3/day) Early TGS
LNCaP Partial resection 4.6 1.1 1.4 127%
without dHACM
Partial resection 4.6 1.1 4 364%
with dHACM
UM-UC-3 Partial resection 13.5 14.2 45 317%
without dHACM
Partial resection 16.3 31.8 169.6 531%

with dHACM

lower compared with TGS before resection (6.8
mm?/day versus 13.5 mm?>/day; p < 0.05). Fifteen
days after surgery (day 36), the TGS of the group
with dHACM increased fourfold more than the
TGS of the group without dHACM (169.6 mm?/
day versus 45 mm?3/day; p < 0.01) (Table 3).

In the LNCaP and UM-UC-3 tumors, in both the
partial resection plus membrane and the partial
resection only group, almost all the differences in
expressions of CD-31, Ki-67 and vimentin were
minimal and showed no statistical significance
(Table 4). However, vimentin expression was sig-
nificantly higher only in the LNCaP tumors with-
out the membrane group compared with the partial
resection plus membrane group (p = 0.008).

dHACM, dehydrated human amnion/chorion
membrane; H&E, hematoxylin and eosin; IHC,
immunohistochemistry.

Discussion

Although the application of amniotic membrane
allografts as a therapy following procedures for
cancer treatment is a relatively recent concept, it
has been regularly used in other fields including
dermatology and ophthalmology. Much research
on dHACM has focused on its healing capacity
in benign cases, which has allowed it to be used
for some cancer treatments. However, there is
still a minimal understanding of the effects of
dHACM on cancer cells. In fact, there are very
few reports, and these have divergent findings,
on cancer cell interactions and behavior after
dHACM exposure.267

In the present study, the in witro experiment
showed that the use of dHACM allografts had a

modest impact on tumor cell growth. Although
the dHACM extract alone did not present as a
significant cell stimulator compared with the
other mediums, the combination of dHACM
extract with 10%FBS resulted in accelerated
tumor cell growth in both LNCaP and UMUC3
cell lines. A reasonable explanation is that the
effects of dHACM are more pronounced in tumor
cells that are in a favorable environment (e.g. with
10% FBS) with less direct activity in a poor cell
culture condition (e.g. 2%FBS). Mamede et al.?
conducted i vitro experiments to evaluate the
different metabolic activity (IMA) responses of 21
types of human cancer cells when cultivated with
fresh human amniotic membrane protein extracts.
Respecting the genetic profile differences of each
cell line, MA reactions were distinctive. For
example, PC3 cells had a 54% decrease in the
MA whereas LNCaP cells did not show any
changes in MA. Our i virro findings align with
the findings of Mamede et al.’s experiment, which
showed that dHACM alone did not result in
increased growth in LNCaP. However, this sug-
gests that the major role of these cytokines is
related to microenvironment changes and less
directly on cellular stimulation.1©

In our iz vivo experiments, after partial resection,
LNCaP and UM-UC-3 tumors exposed to
dHACM were larger and showed increased TGS
compared with those not exposed to dHACM.
This observation represents a concern related to
the use of dHACM after surgical procedures
such as RP where the potential benefits of func-
tional improvement, faster recovery of both uri-
nary continence and/or erectile function must be
counterpointed with the possible risk of faster
relapse. It has been demonstrated that positive
surgical margins are not uncommon and could
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Table 4. Histology analysis by H&E and IHC. CD-31, Ki-67 and vimentin immunohistochemistry expressions in LNCaP and UM-UC-3
tumor models among mice who underwent dHACM implantation (P+M) and those who did not (Partial). Vimentin expression in the
LNCaP tumors was lower in mice underwent dHACM implantation compared to those who did not.

Tumor Cell/Group H&E CD31 Ki67 Vimentin
LNCap/Partial 7 ot
LNCap/P+M
UMUC3/Partial
UMUC3/P+M
Partial resection Partial resection
without dHACM with dHACM(P+M)
LNCaP CD-31 0.7 + 0.1 0.7 + 0.1 0.752
Ki-67 33.0 = 3.0 31.1 £3.2 0.671
vimentin 7.7 +1.0 43+05 0.008
UM-UC-3 CD-31 1.2 +0.1 1.3+0.1 0.361
Ki-67 69.2+25 65.3 + 2.0 0.272
vimentin 492 =256 50.2 * 1.1 0.740

be implicated in biochemical recurrence after
RP. Silberstein et al. published a study involving
2442 patients with clinical stage T1-T?3 prostate
cancer treated with RP with a positive margin
rate of 11%; the rate was as high as 48% in other
studies.!! The same concern is reported after
radical cystectomy, with positive margins rates
ranging from 5% to 10.2% depending on the
institution.!?13 In patients with positive surgical
margins, the use of materials that contain growth
factor substances, such as dHACM, could be
implicated in early relapse and thereby necessi-
tate earlier salvage treatments such as radiother-
apy, chemotherapy, and androgen deprivation
therapy.

Our membrane extract analysis showed the
expression of many cytokines including the fol-
lowing, which had the highest concentration:
IP-10, MCP-1, MIP-1a, CCL5, TGF-B1, MMP-
2, MMP-8, MMP-9, MMP-10, IL-1RA, and
IL-8. These substances have been previously
reported as significant factors in tumor progres-
sion in different types of tumors, including pros-
tate and bladder.!417 These cytokines have been
implicated in issues such as increased angiogene-
sis and cell proliferation/invasion activities. Neveu
et al. recently published the correlation between
IL-8 secretion from normal prostate epithelial
cells and cancer aggressiveness, suggesting a
potential role in prostate carcinogenesis.!® Gong
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et al. also demonstrated in an i vitzro study that
increased TIMP-1 expression stimulates accu-
mulation of CAF, providing a favorable pro-
tumor microenvironment for prostate cancer
progression.1%20 A review by Aldinucci et al.?!
showed the association of the high expressions of
IP-10 and CCL5 with tumor progression and
metastasis. In another recent publication, Kumari
et al. demonstrated the correlation of expressions
of IL-2, IL-4, IL-8, IL-10, GM-CSF, IFN-v,
IP-10, MIP-1a, PDGF, MIP-1b, CCL5, and
VEGF with poor bladder cancer outcomes.??
Many of these cytokines have been proposed as
potential targets for anticancer therapy. Thus, the
use of any device presenting higher levels of these
substances, such as dHACM, must be done with
careful consideration and restrictive criteria
should be established.

Our histological results demonstrated that tumor
expression of vessels (CD-31) and cellular prolif-
eration (Ki-67) did not change with dHACM
implantation. This interesting finding supports
our n vitro results that dHACM has a small, yet
direct effect in the LNCaP and UM-UC-3 tumor
cells and, probably, much more effect in a normal
tissue setting. Presumably, dHACM healing prop-
erties are responsible for faster tissue remodeling
and tumor microenvironment recomposition after
partial resection and, consequently, rapid tumor
regrowth. Recently, Jie et al. showed that tissue
remodeling after amniotic membrane implanta-
tion in a rabbit ocular injury is directly related to
faster regeneration of normal epithelium without
any difference in epithelial cell phenotype.”

The lower levels of vimentin expression in LNCaP
tumors after dHACM implantation is another
noteworthy finding in our study. Vimentin expres-
sion has been described as a significant factor of
invasiveness and aggressiveness in prostate can-
cer, but has not been shown to correlate with
tumor size.23 Similar to our observation, Niknami
et al.?* showed the correlation of low vimentin
expression and larger tumor sizes in colorectal
cancer.

Our study has several limitations, especially related
to the animal model chosen. In addition to the
absence of a model to measure metastasic progres-
sion mentioned previously, the use of human cancer
cell lines and a human directed device (e.g.
dHACM) obligated the use of immunocompro-
mised mice. The lack of immune system could mis-
represent the dHACM effect on tumor behavior in

the setting of an immunocompetent patient. The
highly complex and not well-understood relation-
ship between growth factors, interleukins, and mac-
rophage inflammatory proteins in dHACM and the
epithelial-to-mesenchymal transition mechanism is
directly influenced by immune cells. Furthermore,
these findings are limited to resections where there
is gross positive disease remaining. Compared with
microscopic positive margins, gross positive mar-
gins are rare and extrapolation of our results to
microscopic positive margins is unwise without fur-
ther investigation. Moreover, the results of this
study only apply to the dHACM allografts used in
this study; there are likely different cytokines in
other commercially available versions of dHACM.
Nonetheless, as far as we know, this study is the first
preclinical model using dHACM after cancer resec-
tion. Our results suggest that it is necessary reevalu-
ate the use dHACM in settings where there is a risk
of a positive surgical margin.

Conclusion

The use of dHACM after partial tumor resection
is related to faster tumor relapse and tumor
growth speed in our prostate cancer and urothe-
lial cancer models. The healing benefits of
dHACM must be counterbalanced with the
potential harm of rapid local recurrence in
patients at high risk of gross positive margins.
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