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Abstract

Negative pressure wound therapy (NPWT) decreases postoperative complica-

tions of various surgeries. However, the use of NPWT for oncological surgical

wounds remains controversial. To evaluate the association of NPWT with

oncologic recurrence in surgical wounds without residual malignancy, we

analysed studies that compared NPWT with conventional non-pressure dress-

ings for cancer surgical wounds without residual tumour by August 12, 2020.

We compared tumour recurrence rates and postoperative complications

between the two procedures. The six studies included 118 patients who

received NPWT, and 149 patients who received conventional non-pressure

wound care. The overall quality of the included studies was high based on the

Newcastle–Ottawa scale score of 7.5. Tumour recurrence after NPWT was not

significantly different compared with conventional non-negative pressure

wound care (9.3% versus 11.4%, P = 0.40). There was no significant heteroge-

neity between the studies (I2 = 3%). Although NTWT was associated with a

lower complication rate compared with the control group, the result was non-

significant (P = 0.15). Application of NPWT in oncologic resection wounds

without residual malignancy revealed no difference in local recurrence and

may reduce the risk of postoperative complications compared with conven-

tional non-negative pressure dressings. NPWT can be considered an alternative

method for reconstruction in challenging cases.
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Key Messages
• negative pressure wound therapy (NPWT) decreases postoperative complica-

tions of various surgeries, but its use for oncological surgical wounds is still
controversial
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• a meta-analysis of six observational studies was performed to evaluate the
feasibility and oncologic recurrence for NPWT application in surgical
wounds without residual malignancy

• application of NPWT in oncologic resection wounds without residual malig-
nancy was not associated with a changed rate of local recurrence; moreover,
the procedure may reduce the risk of postoperative complications compared
with conventional non-negative pressure dressings. Therefore, NPWT can
be considered an alternative method for reconstruction in challenging clini-
cal cases

1 | INTRODUCTION

Negative pressure wound therapy (NPWT) benefits
patients with difficult surgical wounds by reducing
the risk of surgical site infections (SSIs)1 and surgical
complications, including dehiscence, seroma/hema-
toma, skin necrosis/blistering,2 and postoperative
mortality rate as shown in previous meta-analyses.3,4

Recently, following the advancement of NPWT use in
closed incisional wounds, a meta-analysis also found
that NPWT applied to closed surgical incisions
reduces the risk of SSIs across all surgical procedures,
including general and colorectal surgery,5,6 and also
significantly lowers the rate of seroma and overall
wound complications when used in orthopaedic pro-
cedures7 and caesarean wounds.8 From the beginning,
the manufacturers of NPWT devices have constrained
the use of NPWT to non-malignant wounds. One rea-
son (also from a legal stand point) was that it was
feared that physicians might simply apply NPWT to
existing tumours. Therefore, NPWT use in wounds
even after cancer removal has been considered as a
relative contraindication by some physicians because
of concerns that the angiogenic effect may stimulate
tumoral recurrence or seeding.9,10 There is no meta-
analysis performed specifically for NPWT use in onco-
logical surgical wounds without residual malignancy.
Therefore, we aimed to perform a systematic review
and meta-analysis to evaluate the feasibility and onco-
logical recurrence of NPWT use in cancer surgical
wounds without residual malignancy.

2 | MATERIALS AND METHODS

2.1 | Study selection

The protocol was registered in PROSPERO with the regis-
tration number CRD42020207486. We defined our eligi-
bility criteria prior to the literature search (Table S1). We
searched for all studies that compared NPWT with

conventional non-negative pressure dressings for onco-
logic surgical wounds without residual malignancy and
compared tumour recurrence and postoperative compli-
cations between the two groups.

There were at least five patients in each group. The
primary outcome was tumour recurrence. Wound com-
plications, hospitalisation days, and time to wound clo-
sure were secondary outcomes. We excluded studies
without information on tumour recurrence, studies with
inaccurate designs or less than five patients in each
group, those without comparators, and studies with
patients already with a metastatic disease.

2.2 | Literature search

We performed a systematic search and meta-analysis
according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines.

The keywords used in the search, i.e., negative pressure
wound therapy, cancer, and recurrence, included their syn-
onyms and controlled vocabulary (MeSH or Emtree terms),
when available. Search terms were as follows:

#1 (Negative Pressure Wound Therapy* OR Negative-
Pressure Wound Therapy* OR Topical Negative-Pressure
Therapy* OR Negative-Pressure Dressing* OR Negative Pres-
sure Dressings OR Vacuum-Assisted Closure OR Vacuum
Assisted Closure OR Negative-Pressure Wound Therapy);

#2 (cancer* OR Malignancy* OR Malignant Neo-
plasm OR Malignant Neoplasms OR Neoplasia* OR
Neoplasm OR tumour * OR Neoplasms OR melanoma or
sarcoma);

#3 (recurrence OR recurrence * OR relapse* OR
metastasis OR metastases);

#4: #1 AND #2 AND #3.
The search strategy is detailed in the Table S2. Rele-

vant studies were identified from Medline, Embase,
Cochrane Library, and trial registers (www.clinicaltrials.
gov), from their start to 12 August, 2020, by two investi-
gators (YJ. Wang, XF. Yao) and one experienced librarian
(P-J Li) from the teaching hospital. We also assessed
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additional studies by manually searching reference sec-
tions of full-text reviews and contacted experts from the
field. Only human studies reported in English were
included.

2.3 | Data extraction

Two reviewers (YJ. Wang, XF. Yao) independently
extracted data regarding authors, year of publication, inclu-
sion and exclusion criteria, population characteristics,
malignancy, intervention, recurrence rate or numbers, post-
operative complications, and follow-up periods. The authors
of the retrieved studies were contacted if the data of the
full-text papers were not available. All data were extracted
and subsequently cross-checked to rule out any discrepan-
cies. Any disagreement was resolved through negotiation or
a consensus meeting with a third investigator.

2.4 | Statistical analysis

Statistical analysis was performed using the RevMan
5.1 statistical software (Cochrane Collaboration). We
calculated the summary of outcome as a relative risk
ratio (RR) with 95% confidence intervals (CIs), using
the DerSimonian and Laird random effects model. No-
event RR was used in cases when no events were
observed. All statistical tests were two-sided, and a
P-value < .05 was considered as a statistically signifi-
cant outcome.

2.5 | Risk of bias and quality assessment

The quality of studies was evaluated using the
Newcastle–Ottawa scale (NOS), which was developed
to assess the quality of non-randomised cohort

FIGURE 1 PRISMA flow chart
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studies. Studies with a NOS score of 7 or higher were
considered of high quality.11 Publication bias was
assessed by the funnel plot analysis (Figures S1
and S2).

3 | RESULTS

3.1 | Literature search

Figure 1 illustrates the study selection process in our analysis.
The initial search strategy yielded 485 articles, and 42 dupli-
cates among them were removed. Based on the screening
criteria for titles and abstracts, 349 articles were excluded.
After full-text reviews, we excluded 90 articles. Finally, six eli-
gible studies were subjected to a qualitative review.

3.2 | Quality assessment of the studies
and risk of bias

The mean NOS score was 7.5, indicating a high qual-
ity of the included studies. Table 1 presents the qual-
ity of six included studies evaluated by NOS. Funnel
plot analysis showed no significant publication bias
(Table S2).

The patients in all studies were diagnosed with can-
cer by pathological assessments. Most of the studies
were considered representative, as malignant tumours
are mostly treated at medical centres, which is consis-
tent with our included studies. All included studies
reported recurrence rates and wound complications
and the follow-up period. Follow-up data were
obtained by an e-mail contact with an author of one
study.12 Only two studies mentioned lost follow-up
patients, with higher incidence in the control group.
Postoperative wound complications were not further
classified in one study.13

3.3 | Included study characteristics and
details of study interventions

This meta-analysis included six independently con-
ducted observational studies published between 2007
and 2019, with a total of 267 patients enrolled. All the
studies were retrospective cohort analyses. Table 2
presents the characteristics and details of the
interventions in each study. All studies included
patients who underwent surgery for their malignant
tumour, 118 patients were managed with NPWT,
and 149 patients were treated with conventional non-
negative pressure wound dressings. Among theT
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NPWT patients, 39 had incisional NPWT, 7 had
NPWT on the artificial dermis, and 57 had NPWT
directly over the wounds. There was no tumour recur-
rence in the follow-up period in two studies.12,14

Tumour recurrence included both local recurrence
and distant metastasis.

3.4 | Tumour recurrence

The six studies included 118 patients who received NPWT,
and 149 patients who received conventional non-negative
pressure wound care (Figure 2). Tumour recurrence rate
was not statistically different between the NPWT and con-
ventional wound care groups (9.3% versus 11.4%, P = .25)
The relative risk (RR) of “non-recurrence rate” for NPWT
over non-negative pressure dressings was 1.03 (95% CI,
0.98-1.10). There was no statistically significant heteroge-
neity between the studies (P = .40, I2 = 3%).

3.5 | Wound complication, healing time,
and hospitalisation duration

Patients treated with NPWT had a lower post-operative
complication rate (10.17%) compared with the conven-
tional non-negative pressure wound dressings group

(38.26%). NPWT was associated with a RR of “non-
complication rate” of 1.28 (95% CI, 0.92-1.79) (Figure 3).
However, the result was not significant (P = .15) with a
high heterogeneity test (P < .00001, I2 = 87%). Four stud-
ies presented time to complete re-epithelialization, and
NPWT was associated with a significantly shortened
healing time in these four studies. However, because only
one study presented the standard deviation, we did not
perform an analysis for wound healing time. The details
of wound healing time and hospitalisation duration are
listed in Table 2.

4 | DISCUSSION

Most cancer surgical wounds can be managed by flaps,
grafts, or free tissue microvascular reconstruction. How-
ever, certain types of oncological surgery wounds are
prone to develop postoperative complications. For sar-
coma, many studies have suggested that preoperative radi-
ation followed by wide local excision is associated with
comparable survival and local control rates to amputa-
tion.15 However, many surgeons are reluctant to use pre-
operative radiation for proximal lower extremity sarcoma
because incidence of postoperative wound complications
is reported to be as high as 50%.13,16,17 Wounds after ingui-
nal lymphadenectomy for melanoma, penile, urethra, and

FIGURE 2 Forest plot shows the relative risk (RR) of “tumour non-recurrence rate.” A random-effects model was used to compare the

RR between NPWT and conventional non-negative pressure dressings

FIGURE 3 Forest plot shows the relative risk (RR) of “non-complication rate.” A random-effects model was used to compare the RR

between NPWT and conventional non-negative pressure dressings
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vulva cancers are associated with complications including
seroma, SSI, lymphoceles, persistent lymphorrhoea,
lymphedema, wound breakdown, significantly longer time
of hospitalisation, and reinterventions.14,18-20 Breakdown
of wounds with protracted secondary healing following
inguinal lymphadenectomy for penile cancer was reported
in up to 50% of cases.14,21 In a meta-analysis, inguinal
lymphadenectomy of lower part body melanoma was asso-
ciated with overall complications of 52%.20 Vulvectomy
not only has a significant psychological impact on patients
but is also complicated by complex wound failures in 26%
to 85% of cases, resulting in long hospital stays and
cicatrisation.22-25 Advanced age (mean age: 70 years) and
obesity (BMI: 27-29) also influence this clinical picture.22

Large defects of the scalp with exposed dura and skull also
pose unusual challenges on reconstruction.26-28 Free
vascularised muscle flaps are not always feasible and may
fail because of peripheral vascular disease or previous radi-
ation therapy.26 When a defect is on the sole of the foot,
repair is difficult owing to insufficient local skin pool and
lack of mobility of the sole skin. In addition, a bulky flap
on the sole may interfere with daily activities such as
walking and wearing normal shoes.

The implementation and modification of NPWT,
including incisional NPWT and NPWT with computer-
controlled wound irrigation, is a major improvement in
wound healing.29,30 It serves not only as a delivery device
for cold plasma, growth factors, stem cells, and other
wound healing factors to the wound bed, but also
decreases the harmful inflammation and bacterial
load.29,31 NPWT is readily accessible and its use did not
compromise oncological control in studies included in
our analysis.13 For proximal lower extremity soft tissue
sarcomas with preoperative radiation, NPWT use at the
time of resection is associated with a lower risk of wound
complications and secondary operative procedures, and
the duration of the treatment until complete closure of
the wound is significantly shorter.14,18 Likewise, conven-
tional care of vulvectomy wound takes 2 to 3 months
until wound recovery and is even longer when patients
are of old age, obese, and have multiple cor-
mobidities.22,25 Using NPWT dressing immediately after
vulvectomy reduces the total length of cicatrisation by
approximately 16 days.22

Reconstruction options for large scalp and cranial
tumours may be limited, especially when free
vascularised muscle flaps fail. In such cases, adjunctive
use of NPWT helps achieve rapid formation of granula-
tion tissue on the dura to allow subsequent skin
grafting.26,32 In the two studies involving acral melanoma
surgical wounds, NPWT use was associated with signifi-
cantly shorter time to complete re-epithelialization, and
favourable cosmetic outcomes.12,33 Furthermore, NPWT

devices allow for ambulatory treatment, earlier hospital
discharge or even same-day discharge. A wound study of
cost-utility analysis clearly demonstrated a clear cost
benefit to NPWT.34

The facilitation of angiogenesis surrounding the
wound bed is one of the most significant beneficial fac-
tors of NPWT. Do the same mechanisms by which NPWT
promotes wound healing really facilitate tumorigenesis?
Angiogenesis in normal tissues is different from that in
cancer in several aspects. In normal tissue, the initiation
of angiogenesis (angiogenic switch) is tightly regu-
lated.35-42 Wound-site angiogenesis is mechanically initi-
ated through microdeformation, which establishes
hypoxia and a subsequent vascular endothelial growth
factor (VEGF) gradient that drives directional endothelial
tip cell migration, resulting in vessel growth.43 Tissue
hypoxia induces and stabilises hypoxia-inducible factor-
1α (HIF-1α). Temporary reduction of blood flow at the
wound edge stimulates angiogenesis through the (HIF-
1α)–VEGF pathway, which in turn stimulates VEGF
expression.35-38,44 Thus, NPWT promotes VEGF-induced
angiogenesis and increased capillary quality via promot-
ing structural integrity and functional stabilisation at
various stages of wound healing.45,46

In cancer, intratumoral hypoxia stimulates the
expression of angiogenic factors and the angiogenic
switch is almost always activated.42,47 While physiologi-
cal angiogenesis leads to the generation of functional ves-
sels that enhance perfusion,41 tumoral angiogenesis
develops abnormal vasculature with variable sizes,
shapes, and architecture, as well as with abnormal func-
tionality.48 These abnormal features are acquired by
tumour endothelial cells, 42 which are notably phenotypi-
cally different from normal endothelial cells and display
distinct gene expression profiles.49 Compared with nor-
mal endothelial cells, tumour endothelial cells are
exposed to a highly mechanically heterogeneous extracel-
lular matrix (ECM), and are subjected to intratumoral
hypoxia, low pH, mechanical stresses, and soluble media-
tors released by surrounding cancer and stromal cells.49

ECM composition and matrix stiffness both direct tumour
endothelial cell network formation.48 The ECM becomes
stiffer during solid tumour progression. The overall effect of
tumoral angiogenesis is a paradoxical decrease in perfusion
that aggravates hypoxia in a feed-forward loop promoting
HIF-1α stabilisation.47 In brief, tumour angiogenesis is
affected by numerous chemical and mechanical signalling
events.50-52 NPWT-induced angiogenesis is regulated by
normal endothelial cells and controlled by tight environ-
mental regulation. Local hypoxia or elevated VEGF itself
cannot trigger tumorigenesis.53

Our findings concerning NPWT-related reduction in
cancer surgical wound complications must be interpreted
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with caution because of significant clinical heterogeneity.
First, the included studies were on different malignant
tumours, including carcinoma, sarcoma, and melanoma.
Therefore, treatment plans, outcome, and length of
follow-up for recurrence were different. The majority
of melanomas in Caucasians are a superficial-spreading
type located on the trunk and extremities and usually
pose no difficulty in reconstruction. The two studies
involving melanoma in this meta-analysis were all acral-
type melanomas in Asians posing challenges for recon-
struction. Considering the limited number of included
studies, subgroup analysis by cancer type in our study
was not feasible. Therefore, the conclusion may not be
applicable to all types of cancer. Second, the two main
outcomes in our study were tumour recurrence and com-
plication rate. Postoperative complications include SSI,
hematoma, seroma, partial graft loss, need for debride-
ment, vulva vestibular stenosis, etc., but one study did
not clearly define the post-operation complication
types.13 On top of the publication bias, the outcome is
also related to the techniques used by physicians and the
overall condition of the health care system. Thus, more
studies from different countries and medical domains are
definitely needed to evaluate these findings. Nevertheless,
because of the clear definition of participation and inter-
vention comparison, we can still conclude that the results
in the present analysis have high clinical significance.

Our study has some limitations. Because application
to oncologic resection wounds was more or less
unofficial, the number of papers is naturally limited and
the data need to be interpreted cautiously. First, the
follow-up period for recurrence was a prerequisite for
inclusion into the analysis; there were various lengths of
the follow-up periods given different types of malignant
tumours included in this analysis. Some patients with 12-
to 24-month follow-up may still be at risk for local recur-
rence. Second, recurrences were noted in both groups, as
they are not only NPWT-related. Lastly, there were some
differences between the NPWT procedures used in these
studies. One study used incisional NPWT,13 one study
used NPWT on the artificial dermis,32 and the other four
studies used NPWT directly on the wounds.12,14,22,33

Despite these limitations, we conclude that tumour
recurrence after NPWT was not significantly different
compared with conventional non-negative pressure
wound care. NPWT is associated with a lower risk of
wound complications, shortened hospitalisation dura-
tion, and wound closure time. This helps tumour and
reconstructive surgeons in so far as it gives data to legiti-
mise NPWT on tumour free former cancer wounds, as is
frequently necessary bridging the time before wound cov-
erage or final reconstruction until the final histological
clearance is guaranteed.

5 | CONCLUSION

Our meta-analysis revealed that there was no signifi-
cant difference in the recurrence rate between NPWT
and conventional non-negative pressure dressings in
oncological surgical wounds without residual malig-
nancy. The use of NPWT was associated with fewer
complications. Therefore, NPWT can be considered
as an alternative method to promote wound healing
for cancer reconstruction in different scenarios.
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