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Abstract Objective: Placement of human placenta derived grafts during robotic-assisted
radical prostatectomy (RARP) hastens the return of continence and potency. The long-term
impact on the oncologic outcomes remains to be investigated. Our objective was to determine
the oncologic outcomes of patients with dehydrated human amnion chorion membrane
(dHACM) at RARP compared to a matched cohort.
Methods: In a referral centre, from August 2013 to October 2019, 599 patients used dHACM in
bilateral nerve-sparing RARP. We excluded patients with less than 12 months follow-up, simple
prostatectomy, and unilateral nerve-sparing. Patients with dHACM (amnio group) were 529, and
were propensity score matched 1:1 to 2465 patients without dHACM (non-amnio group) and a
minimum follow-up of 36 months. At the time of RARP, dHACM was placed around the neurovas-
cular bundle in the amnio group. Continuous and categorical variables in matched groups was
tested by two-sample Kolmogorov-Smirnov test and Fisher’s exact test respectively. Outcomes
measured were biochemical recurrence (BCR), adjuvant and salvage therapy rates.
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Results: Propensity score matching resulted in two groups of 444 patients. Cumulative incidence
functions for BCR did not show a difference between the groups (pZ0.3). Patients in the
non-amnio group required salvage therapy more frequently than the amnio group, particularly
after partial nerve-sparing RARP (6.3% vs. 2.3%, pZ0.001). Limitations are the absence of pro-
spective randomization.
Conclusion: The data suggest that using dHACM does not have a negative impact on BCR in pa-
tients. Outcomes of cancer specific and overall survival will require follow-up study to increase
our understanding of these grafts’ impact on prostate cancer biology.
ª 2024 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
1. Introduction

Robotic-assisted radical prostatectomy (RARP) is a standard
of care surgical option for the treatment of localized pros-
tate cancer (PCa) [1]. The technique to nerve-sparing (NS)
was introduced by Walsh and Donker in 1982 [2], which is a
breakthrough in radical prostatectomy care due to the close
anatomic relationship of the neurovascular bundle (NVB).
The NVB plays a role in both recovery of potency and urinary
continence [3]; the latter’s recovery is also tied to preser-
vation of supportive structures of the membranous urethra
and pelvic floor. The innovative surgical step of robotic
assistance has allowed a magnified view and minimal inva-
sive dexterity to separate the NVB from the prostate. The
period of potency recovery depended upon the intra-
operative amount of NVB spared, while limiting traction
and diathermy to them. In 2015, our institution investigated
biological adjuncts and their role of nerve regeneration.
Patel et al. [4] described the use of a dehydrated human
amnion chorion membrane (dHACM) allograft wrap around
the NVB, to improve the rate of return to continence and
potency. To our knowledge, this was one of the first uses of
this biological allograft from a high-volume oncologic center.

dHACM has proven utility in chronic wound management,
particularly diabetic foot ulcers [5]. This allograft’s
numerous cytokines such as tissue inhibitor of matrix
metalloproteinases-1, chemokine ligand 5, and Interleukin-8
have been proposed in previous studies to have an associa-
tion in promoting tumor and biochemical recurrence (BCR)
[6e8]. A subsequent follow-up study in 2018 from our
institution revealed that dHACM allograft placement on the
post-prostatectomy NVB did not increase the risk of BCR
after RARP, but did improve the rate of return to potency
compared to a matched group [9].

Alvim et al. [10] described an in vivomodel of dHACM use
in immunodeficient mice with flank injections of human PCa
cell line (LNCaP) and human bladder cancer cell line
(UM-UC-3). In their study, partial resection of the tumor
resulted in faster tumor relapse and growth when the
membrane was applied. Due to early clinical utilization of
dHACM in urologic oncology, our objective was to determine
the impact of this allograft placement on NVB in PCa treated
by RARP, compared to a matched group.
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2. Patients and methods

2.1. Study population and inclusion criteria

Full institutional review board approval was granted for
the study (approval number 237998). From August 2013 to
October 2019, 599 patients underwent NS RARP with
dHACM allograft placement. In this group, 70 (11.7%)
patients were excluded: 64 (10.7%) had less than 12
months of follow-up; 5 (0.8%) had simple prostatectomy;
and 1 (0.2%) had unilateral NS. During the same time
period, 2465 patients underwent NS RARP without dHACM
allograft placement with no exclusion criteria for this
group.

2.2. End point and assessment

The primary end point of this study was to evaluate
whether patients undergoing NS RARP with dHACM allo-
graft placement (amnio group) around the NVB experi-
enced increased BCR compared to NS RARP without
dHACM allograft placement (non-amnio group). As a sec-
ondary endpoint, a subgroup analysis was performed to
compare patients with partial and full NS, and with age
less than or equal to 55 years and greater than 55 years.
The rates of adjuvant and salvage therapies between the
two groups were also compared.

2.3. Surgical technique

All RARPs were performed by a single surgeon (Patel V),
with a transperitoneal multi-port da Vinci Robotic Surgical
System (Intuitive Surgical, Sunnyvale, CA, USA). Our
technique is a retrograde athermal NS, with the capsular
“landmark” artery as an anatomical reference for pre-
serving the NVB [11,12]. A bladder neck reconstruction is
our standard approach along with a modified posterior
reconstruction [13]. The dHACM allograft was placed over
each NVB after the posterior reconstruction, prior to the
vesicourethral anastomosis. NS was performed in a partial
or full manner according to tumor location, pre-operative
prostate MRI, and the prostate biopsy core profile.
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2.4. Definitions

Adjuvant treatment refers to initiation of therapeutics
before a post-RARP prostate-specific antigen (PSA) threshold
of 0.2 ng/mL; salvage treatment refers to initiation of
therapeutics if BCR occurs. BCR is defined as a post-RARP
PSA of more than 0.2 ng/mL.

2.5. Statistical analysis and propensity score (PS)
matching

Continuous variables were reported as the median and
interquartile range (IQR), and categorical as absolute and
percentage frequency.

A PS was calculated using logistic regression analysis
based on 10 preoperative variables: age, body mass index,
PSA, Charlson Comorbidity Index, Sexual Health Inventory
for Men score, American Urological Association symptom
score, preoperative International Society of Urologic Pa-
thology (ISUP) group, clinical stage, and degree of NS (full
and partial). Matching was performed using the
nearest-neighbor matching algorithm (caliper width 0.15 of
the standard deviation of the logit score) with a 1:1 ratio
without replacement. The amnio group was
computer-matched to the non-amnio group with a mini-
mum follow-up of 36 months, resulting in the analysis of
two groups of 444 patients each. The degree of balance for
the variables used in PS estimation was estimated using
standardized differences [14]. Covariates with a stan-
dardized difference lower than 0.15 in absolute value were
considered satisfactorily balanced. The hypothesis of
equal distribution of continuous and categorical variables
in the matched groups was tested using the two-sample
Kolmogorov-Smirnov test and the Fisher’s exact test,
respectively.

Cumulative incidence function curves for BCR after
surgery were estimated for up to 48 months of follow-up in
amnio and non-amnio groups using the Kaplan-Meier
method and their difference was tested using the log
rank-test. Statistical significance was set at p<0.05 for all
the two-tailed test. The statistical analyses were per-
formed using Stata version 16 (Stata Corp., College Station,
TX, USA) and R version 4.0.5 (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results

3.1. Demographics and perioperative data

Table 1 illustrates the perioperative data of both groups of
patients. The balance of covariates used in PS estimation
was performed and no statistically significant differences
were found.

Regarding the degree of NS, in the amnio and non-amnio
groups 73.2% and 73.9% underwent full NS, respectively.

3.2. Histopathology of prostate specimen

As shown in Table 2, following RARP, patients from amnio
group had different pathological tumor stages compared to
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the non-amnio group for �T3a (24.8% vs. 38.7%, p<0.001)
and for ISUP grade group 2 and higher (73.2% vs. 84.7%,
p<0.001). There was no significant difference in positive
surgical margins (PSMs) between the amnio and non-amnio
groups, 15.5% and 18.5% respectively (pZ0.3).

3.3. BCR

The comparison of the cumulative incidence functions for
BCR did not show a statistically significant difference be-
tween the amnio and non-amnio groups (pZ0.3) (Fig. 1).
The hazard ratio of the amnio group compared to the
non-amnio group for BCR was 0.8 (95% confidence interval
0.51e1.29).

3.4. Salvage and adjuvant therapy

Table 3 reports oncological outcomes for BCR between
groups according to PSM status, adjuvant or salvage therapy
rates.

3.4.1. Adjuvant therapy
There was no statistically significant difference in the
number of patients that required adjuvant therapy overall
between the two groups (pZ0.8); neither was there a dif-
ference in adjuvant therapy between the two subgroups
based on full NS (pZ0.7) or partial NS (pZ1), respectively
(Table 3).

There was no statistically significant difference shown
for amnio versus non-amnio patients receiving adjuvant
therapy, as shown in subgroups of age more than 55 years
(pZ0.7), less than or equal to 55 years (pZ1), PSM (pZ1),
or without PSM (pZ0.8).

3.4.2. Salvage therapy
The number of patients that required salvage therapy was
higher in the non-amnio group (10.1% vs. 6.3%, pZ0.05). In
the subgroup of patients who underwent partial NS, pa-
tients in the non-amnio group required salvage therapy
more frequently than the amnio group (6.3% vs. 2.3%,
pZ0.001).

Patients undergoing full NS showed no significant dif-
ference in the rate of salvage therapy, with non-amnio
patients at 3.8% and amnio patients at 4.1%. There was no
statistically significant difference between the two groups
receiving salvage therapy based on their age group: >55
years (pZ0.1) and �55 years (pZ0.3) (Table 3).

In patients without PSM, a significantly higher rate of
salvage therapy was found in the non-amnio group
compared to the amnio group (11.1% vs. 5.9%, pZ0.012). In
patients with PSM undergoing salvage therapy, there was no
difference between the two groups. Each group had one
mortality.

4. Discussion

The placement of a dHACM allograft around the NVB in
RARP is a novel adjunct, in which the primary rationale for
its use is in the potential of improved potency and conti-
nence recovery [4,9]. The aim of this study was to provide
insight on the comparative oncological outcomes of



Table 1 Comparison of preoperative and NS variables in the study groups after 1:1 propensity score matching.

Parameter Amnioa,c

(nZ444)
Non-amniob,c

(nZ444)
p-Value Standardized difference

Age, year 58 (53e62) 58 (53e63) 0.6 0.09
PSA, ng/mL 5.2 (3.9e7) 5.3 (4.2e7.1) 0.3 0.03
Body mass index, kg/m2 27 (24.8e29.4) 27 (24.8e29.7) 0.8 0.01
Preoperative SHIM score 24 (21e25) 24 (21e25) 0.3 0.05
Preoperative AUASS 5.5 (3e12) 7.96 (3e11) 1 0.03
Clinical stage 0.1
T1c 396 (89.2) 388 (87.4) �0.06
T2a 38 (8.6) 53 (11.9) 0.11
T2b 7 (1.6) 2 (0.5) �0.11
T2c 3 (0.7) 1 (0.2) �0.07

Charlson comorbidity index 1 (1e2) 1 (1e2) 0.9 0.07
Charlson comorbidity index 0.9
0e1 229 (51.6) 233 (52.5) 0.02
2e3 204 (45.9) 199 (44.8) �0.02
�4 11 (2.5) 12 (2.7) 0.01

Biopsy preoperative ISUP grade group 0.8
Grade group 1 197 (44.4) 194 (43.7) �0.01
Grade group 2 160 (36.0) 159 (35.8) �0.01
Grade group 3 56 (12.6) 54 (12.2) �0.01
Grade group 4 26 (5.9) 34 (7.7) 0.07
Grade group 5 5 (1.1) 3 (0.7) �0.05

Degree of NS 0.9
Bilateral partial 119 (26.8) 116 (26.1) �0.01
Bilateral full 325 (73.2) 328 (73.9) 0.01
No NS 0 0 0

SHIM, Sexual Health Inventory for Men; AUASS, American Urological Association symptom score; ISUP, International Society of Urological
Pathology; PSA, prostate-specific antigen; NS, nerve-sparing.

a Patients undergoing NS robotic-assisted radical prostatectomy with dehydrated human amnion chorion membrane allograft
placement.

b Patients undergoing NS robotic-assisted radical prostatectomy without dehydrated human amnion chorion membrane allograft
placement.

c Values are presented as median (interquartile range) or n (%).
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patients that received this allograft compared to not
received it. We did not analyze functional outcomes in this
dataset, as it was described in a recent study [15]. The
investigation into such biomaterials and their impact on
outcomes after PCa surgery [16], is paramount due to their
numerous growth factors and cytokines. These benefit tis-
sue repair and nerve regeneration, but for their continued
utilization, oncological results must be compared [10]. In
this study, we investigated our experience of dHACM allo-
graft for 529 eligible patients. It is important to note that
many centers have utilized similarly dehydrated placental
materials with positive impacts on post-RP potency recov-
ery [17]. Porpiglia et al. [18] investigated covering the
spared NVBs after RARP with a novel material known as
chitosan, a chitin polysaccharide derivative from crusta-
ceans. Their early results for potency recovery up to 2
months was favorable compared to a control population
(52.2% vs. 39.2%; pZ0.01).

The presence of BCR after RARP is a valuable predictor
of outcomes in patients [19] and the only parameter in the
trifecta for cancer control. The high volume of patients
who have undergone RARP at our institution was used to
22
perform a PS match, to compare patients with dHACM
allograft placement around the NVB. Our single surgeon
series controlled for variability among the study popula-
tion, as to the surgical NS approach and overall PSM risk. At
the time of RARP, the senior surgeon considered pre-
operative ISUP grade, clinical and radiological T stage,
tumor location (lateral edge of base, mid, or apical zones),
and pre-operative Sexual Health Inventory for Men score
when planning full or partial NS. However, the change from
pre-planned full to partial NS may occur due to intra-
operative findings of adherent surrounding tissue.

Our data demonstrated no difference in the rate of BCR
between both groups in this study which is consistent with
our previous short-term outcomes [9]. It must be noted that
the matched non-amnio group had histopathology of
advanced T stage (�pT3) and higher ISUP group which is
commonly associated with a higher risk of BCR, adjuvant or
salvage therapy.

The hypothesis that amniotic membranes could lead to
cancer recurrence after surgery, but importantly that it
could lead to additional risk of recurrence with PSM was
considered. The location or size of our PSM data was not



Table 2 Comparison of histopathological prostate spec-
imen outcomes per group.

Outcome Amnioa

(nZ444)
Non-amniob

(nZ444)
p-Value

Pathological stage, n (%) <0.001
�T2c 334 (75.2) 272 (61.3)
T3a 89 (20.0) 135 (30.4)
T3b 19 (4.3) 28 (6.3)
T4 2 (0.5) 9 (2.0)

Prostate ISUP grade
group, n (%)

<0.001

Grade group 1 119 (26.8) 68 (15.3)
Grade group 2 207 (46.6) 211 (47.5)
Grade group 3 93 (20.9) 108 (24.3)
Grade group 4 6 (1.4) 12 (2.7)
Grade group 5 19 (4.3) 45 (10.1)

PSM, n (%) 69 (15.5) 82 (18.5) 0.3

ISUP, International Society of Urological Pathology; PSM, posi-
tive surgical margin; NS, nerve-sparing.

a Patients undergoing NS robotic-assisted radical prostatec-
tomy with dehydrated human amnion chorion membrane allo-
graft placement.

b Patients undergoing NS robotic-assisted radical prostatec-
tomy without dehydrated human amnion chorion membrane
allograft placement.

Table 3 Comparison of oncologic outcomes between
groups.

Outcome Amnioa Non-amniob p-Value

BCR (number of events) 44 40 0.3
In PSM 11 4
In NSM 33 36

Adjuvant therapy, n (%) 7 (1.6) 5 (1.1) 0.8
In full NS 4 (0.9) 3 (0.7) 0.7
In partial NS 3 (0.7) 2 (0.5) 1
In patients aged >55 years 4 (0.9) 2 (0.5) 0.7
In patients aged �55 years 3 (0.7) 3 (0.7) 1

Salvage therapy, n (%) 28 (6.3) 45 (10.1) 0.05
In full NS 18 (4.1) 17 (3.8) 0.9
In partial NS 10 (2.3) 28 (6.3) 0.001
In patients aged >55 years 19 (4.3) 30 (6.8) 0.1
In patients aged �55 years 9 (2.0) 15 (3.4) 0.3

BCR, biochemical recurrence; NSM, negative surgical margin;
NS, nerve-sparing; PSM, positive surgical margin.

a Patients undergoing NS robotic-assisted radical prostatec-
tomy with dehydrated human amnion chorion membrane allo-
graft placement.

b Patients undergoing NS robotic-assisted radical prostatec-
tomy without dehydrated human amnion chorion membrane
allograft placement.
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analyzed, since a pre-clinical study with dHACM revealed
rapid tumor relapse with partial tumor excision and an
unmeasured PSM, in mice within 10 weeks [10]. Our study
revealed the findings of no statistically significant differ-
ence in the timeline or overall comparative BCR risk, when
analyzed from our data on patient PSM being present or
not. The framework for tissue regeneration with dHACM is,
Figure 1 Comparison of cumulative incidence functions for
BCR between amnio and non-amnio groups. BCR, biochemical
recurrence. Amnio group means the group that patients un-
dergoing nerve-sparing robotic-assisted radical prostatectomy
with dehydrated human amnion chorion membrane allograft
placement; non-amnio group means the group that patients
undergoing nerve-sparing robotic-assisted radical prostatec-
tomy without dehydrated human amnion chorion membrane
allograft placement.
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in part, contributed by tumor growth factor beta and
interleukin-10, which may impact RARP patients favorably
as seen in other pathological studies [20]. Recent work on
cell cycle progression scores in prostate specimens [21] may
challenge the prognostic value of PSM overall, among other
parameters. When cell cycle progression becomes vali-
dated, it would be a safety measure in the utility of ad-
juncts such as dHACM. Our data did not undergo an
explorative analysis on BCR in relation to PSM per group, as
the sample size was too small to draw clinically meaningful
conclusions.

These amniotic allografts have consistently shown to
improve wound healing in diabetic lower extremity ulcers,
compared to control groups [5,25]. As mentioned above,
the oncologic effect has been proposed by some groups to
be negative [10,26] due to the chemokine and receptor
interplay for tumor cell proliferation. There is also inter-
play with tumor promoter and suppressor function and the
unknown impact of ethnicity, which will require further
investigation of a dHACM in the PCa setting. The hypothesis
that dHACM and other placenta derived products may in-
fluence prostate tumor biology should be regarded as
exploratory at present. Further understanding of the in-
flammatory process behind prostate pathology, could
highlight these allografts’ role in regulating this response.
Our clinical findings from dHACM allograft placement does
not suggest an increased adjuvant or salvage therapy rates
associated with its use. Further subanalysis of associations
between outcomes, such as PSM to BCR, adjuvant and
salvage therapy would add additional insight as an
adequately powered randomized trial.

The analysis of single versus multiple site PSM, or PSM
length in this study was not performed due to previous
publications’ work on predictive accuracy for BCR in these
areas. The study by Stephenson et al. [22] included 7000
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patients from two institutions, with a median follow-up of
38 months. It revealed that despite independent associa-
tions in PSM parameters with BCR, their validated nomo-
gram had a similar C-index to a nomogram modeled on PSM
being present or not. Thus, the impact of PSM on BCR will
be a subject of further PCa research. Mortality has not been
associated with BCR [15] and with only one event per group
in our study, this outcome was not analyzed further.

Ogaya-Pinies et al. [9] discussed a sub-stratification of
patients based on their ages and NS grades. Potency re-
covery significantly improved in patients receiving dHACM
allograft and who were younger than 55 and underwent a
full NS RARP respectively. This stratification based on our
previous work on functional outcomes, formed the basis of
our exploration for the rate of adjuvant and salvage ther-
apy among these two groups. A statistically significant dif-
ference was seen in the rate of salvage therapy non-amnio
patients received in partial NS (pZ0.001) and negative
surgical margin status (pZ0.012). As mentioned earlier, the
non-amnio group had high-risk disease on prostate pathol-
ogy, and it is our practice to offer salvage radiotherapy in
preference to adjuvant. A recent randomized control trial
has shown this approach can avoid radiotherapy in half of
cases, limiting associated genitourinary toxicity, and allows
equal rates of freedom from BCR compared to adjuvant
therapy [23]. Bilateral NS, specifically full NS that leaves a
median of 0.5 mm nerve tissue on the prostate specimen
[11], is known to increase the risk of PSM during RARP and
subsequent BCR [24]. However, there was no difference in
full NS patients receiving adjuvant or salvage therapy be-
tween the groups. Regarding post-RARP treatment, in our
setting this includes radiotherapy and androgen deprivation
therapy, based on a patient- and physician-shared decision
at an oncology consultation. Androgen deprivation therapy
protocols are not standardized in our study due to differing
oncology practices managing the patient cohort, particu-
larly those from out of state or international. PSA trend and
doubling time were also impacted by the varied oncology
approaches and timing of androgen deprivation therapy.

The limitations of this retrospective PS matched study
are the absence of randomization and challenges of sub-
analysis for outcome associations, such as inability to
interpret the BCR result in relation to PSM with a limited
sample size. Additionally, we analyzed BCR and the need
for salvage and adjuvant therapy over 48 months, which
will need future follow-up to generate long-term outcome
results. Although this is a suitable timeline to assess for
recurrence, longer-term analysis with pooled data from
other large series [27,28] will be informative. Similar in-
stitutions that have used placenta derived grafts, will add
to the impact on PCa biology post-RARP. Multi-institution
collaborative studies with median follow-up beyond 5 years
should be a future focus for these allografts in RARP.
5. Conclusion

Our study suggests that using dHACM does not have an
association of increased risk of BCR overall. This study
reveals there is no rapid and harmful impact on cancer
control from our experience, as compared to a partial
24
tumor excision in an animal study. Longer-term outcomes
of dHACM adjuncts in RARP and PCa, will need continued
scrutiny in a follow-up study.
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