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Editorial on the Research Topic

Reviews in surgical oncology

In the next decades, the oncological impact will progressively increase. In fact, it’s
expected that within 2035 there will be 23,9 million of new oncological patients and 14,6
million of death related to cancer, however the distribution of mortality will not be
homogeneous with a major rate in less developed countries (1).

Almost 80% of oncological patients will require a surgical intervention that are
estimated to be 45 million within 2030 (2).

It’s well known that most of oncological patients does not have an immediate access to
a proper oncological surgery in high volume centers.

Although there are several reasons to this problem, one of the leading causes is the lack
of surgeons properly trained in the management of oncological patients.

Surgical oncology is defined as a subspecialty of surgery applied to oncology, from
diagnosis to treatment. It’s still under debate if surgical oncology could be considered as a
specialty itself, but there is almost full agreement on the fact that a single surgeon could not
be skilled in the management of all type of cancers.

The surgeon operates within multidisciplinary teams together with oncologists,
radiologists, radiation oncologists, pathologists etc. to plan the best diagnostic and
therapeutic project for each patient. There are several evidence that show how this
approach can modify patients’ management and lead to better outcomes (3), moreover
also high-volume hospitals have shown to lead to reduction in postoperative mortality and
morbidity (4).

In surgical oncology, surgeons can act in different phases: diagnostic and staging
performing biopsies; in the treatment either with curative intent removing organs affected
by tumor or in the palliative treatment leading to tumor reduction volume for reduced
quality of life or in the context of emerging complications (i.e. bleeding, perforations etc).
Moreover, surgeons can also intervene in the setting of prevention removing organs and/or
tissues at high risk of degeneration in patients with genetic mutations or in the
reconstructive phase such as breast cancer.

From the surgical point of view there are three pillars in the surgical oncology: patients’
selection, minimally invasive surgery and quality of oncological resections.
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Patients’ selection has a double meaning; the first is associated
to check if the patient is fit in half to undergo surgical procedures
due to an older population with different types of comorbidities, the
second is if the patient really benefits from a surgical intervention or
if a neoadjuvant treatment could be envisaged to improve long-
term outcomes.

Minimally invasive surgery had a widespread impact on surgical
oncology during the last two decades, improving post-operative
outcomes with comparable oncological outcomes, allowing faster
access to adjuvant treatment, and improving quality of life.

The quality of oncological resections, either minimally invasive
or conventional, remains one of the main goals of surgical oncology,
since complete excision of tumor with adequate lymph-nodes
removal and without residual micro-macroscopic tumor foci is
associated to better long-term outcomes.

Considering the importance of this discipline and the impact of
cancer on population, it would be of paramount importance to
develop a strong educational process that allows training in all
different oncological fields, considering the differences between type
of cancers, their incidence, and available resources.

There are several limits to the development of such model from
the lack of consciousness of such disease to the shortage of proper
personnel and facilities.

For this reason it’s our opinion that evidence based medicine
with the use of reviews represents a useful tool to promote a
homogeneous level in cancer management, sharing good clinical
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Background: Osteoid osteoma (OO) comprises approximately 11%-14% of
benign bone tumors. The main symptom of OO is localized pain
accompanied by nighttime aggravation. Surgical treatment is frequently used
in clinic, including open surgery and percutaneous ablation, the latter including
radiofrequency ablation, cryoablation, and microwave ablation, but there is no
consensus on when and how to choose the best treatment for OO.

Purpose: We did a systematic review of the literature on existing surgical
treatments of OO to assess the safety and efficacy of surgical treatments of OO
and to evaluate the surgical options for different locations of OO.

Methods: The inclusion criteria in the literature are 1. Patients diagnosed with
osteoid osteoma and treated surgically; 2. Include at least five patients; 3.
Perioperative visual analogue scale (VAS), postoperative complications, and
recurrence were recorded; 4. Literature available in PubMed from January
2014 to December 2021.

Results: In the cohort, 1565 patients (mainly adolescents) with OO received
1615 treatments. And there are 70 patients with postoperative recurrence and
93 patients with postoperative complications (minor: major=84:9). The results
of Kruskal-Wallis examination of each experimental index in this experiment
were clinical success rate H=14.818, p=0.002, postoperative short-term VAS
score H=212.858, p<0.001, postoperative long-term VAS score H=122.290,
p<0.001, complication rate H=102.799, p<0.001, recurrence rate H=17.655,
p<0.001, the technical success rate was H=45.708, p<0.001, according to the
test criteria of a=0.05, Hp was rejected. The overall means of the outcome
index in each group were not completely equal.
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Conclusion: Percutaneous ablation and open surgery are safe and reliable for
OO0s, and the technical success rate of percutaneous ablation is higher than
that of open surgery. Open surgery and cryoablation can be selected for OOs
close to the nerve and atypical sites, while radiofrequency ablation and
microwave ablation can be selected for OOs in most other sites.

KEYWORDS

radiofrequency ablation, surgery, cryoablation, microwave ablation, meta-analysis,

osteoid osteoma (OO)

Introduction

Jaffe first described osteoid osteoma (OO) in 1935 as a
benign isolated osteogenic tumor (1). It accounts for 11%-14%
of benign bone tumors (2). OO is most common in the femurs
and tibias of adolescents, with 6% spinal lesions (3-5). The main
symptom of OO is localized pain that worsens at night. The
reason for this is that OO produces a lot of prostaglandin (PG),
and PGE increases pain sensitivity (6-9). It recovers on its own,
but it takes a long time (10, 11).

Medicines and surgery are used in the medical treatment of
0O. The medications used are mostly non-steroidal anti-
inflammatory drugs (NSAIDS), which not only provide
symptomatic relief but also shorten the time it takes for the
body to heal itself (4, 12, 13). On the other hand, long-term use
of NSAIDs causes side effects such as bleeding, gastrointestinal
reactions, and nephrotoxicity (4).

Open surgery and percutaneous ablation are two surgical
options for treating OO. Nonetheless, percutaneous ablation is
becoming more popular in hospitals; it is not a replacement for
open surgery (14). However, in open surgery, the inexact
location and the large surgical incision cause several bone
defects that may require bone grafting or internal fixation,
increasing the discomfort and expense of the patient (4, 15).

In 1992, D. Rosenthal described the use of radiofrequency
ablation (RFA) (16), and since then, percutaneous ablation has
become the ‘gold standard treatment’ for OO (17-20). RFA
causes tumor cell necrosis due to resistive electrothermal effects
and has been shown in clinical trials to be a safe, efficient, and
low-cost treatment for OO (18, 21). For the first time, in 2010,
the cryoablation was presented to treat OO, which involved
freezing and thawing cycles to kill tumor cells (22). This therapy
can be ablated in the eccentric position of the lesion, avoiding
bone drilling (23, 24), removing the risk of permanent nerve
damage, and eventually improving the safety of atypical OO sites
(24, 25). Microwave ablation (MWA), another treatment
method for OO, was first reported in 2014. Microwave needles
emit magnetic fields that generate heat, causing tumor cell

Frontiers in Oncology

necrosis through vibrations generated in surrounding polar
molecules (20, 26). MWA has several advantages over RFA,
including a faster heating rate, a higher intratumor temperature,
a larger ablation range, little effect on tissue, and carbonization
(20, 27, 28).

There is no agreement on when and how to select the best
treatment for OO. Therefore, this study aims to assess the safety
and efficacy of OO surgical treatments. A systematic review of
the existing literature on surgical treatments for OO was also
used to evaluate the surgical options for different locations
of OO.

Materials and methods
Selection of studies

The inclusion criteria in the literature are 1. Patients
diagnosed with OO and treated surgically; 2. Include at least
five patients; 3. Preoperative and postoperative visual analogue
scale (VAS), postoperative complications, and recurrence were
recorded; 4. Literature available in PubMed from January 2014
to December 2021. Exclusion criteria: 1. Includes ambiguous
clinical data. 2. Patients misdiagnosed as OO. 3. Systematic
reviews and meta-analysis.

Since the PubMed database described the first case of
treating OO by MWA in 2014, we searched the literature
published from January 2014 to December 2021. A search
algorithm was developed based on a combination of keywords
(‘osteoid osteoma’ [All Fields] AND (‘cryoablation’ [All Fields]
OR ‘radiofrequency’ [All Fields] OR ‘microwave’ [All Fields] OR
‘surgery *’ [All Fields] OR ‘resection’” [All Fields]) AND (2014:
2021 [update]).

Two authors reviewed the literature (Man Shu and Jin Ke).
First, the titles and abstracts of the literature were divided and
organized. Furthermore, their full texts were filtered using the
aforementioned criteria. The data were extracted by two authors
(Man Shu and Jin Ke), and any content disagreements were
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resolved by a third author. The screening steps are depicted in
Figure 1 of the PRISMA flow diagram. We collected a few
parameters as a whole data set, including the total number of
patients, patient age and sex, treatment methods, clinical success
rate (mean [SD]), changes in perioperative VAS (mean [SD]),
complications, and recurrence during follow-up.

Data analysis

Technical success is defined as ‘cases without any technical
failure, such as failure of the range to penetrate the nidus,
machine failure during surgery, etc.’, while clinical success is
defined as ‘resolution of the patient’s symptoms throughout the
follow-up period’. The recurrence rate is the percentage of cases
that relapse. The total number of technical successes is divided
by the total number of cases reported by each study to calculate
the technical success rate. The total number of clinical successes
is divided by the total number of cases reported by each study to
get the clinical success rate. The ‘short-term postoperative VAS’
is defined as the most recent postoperative VAS, while the long-
term postoperative VAS’ is defined as the last postoperative

Records identified
through database

searching

(n=375)

Records
Excluded:

Title and abstract
failure to
relevant (n=106)

Title and abstract

of articles Wrong publication
assessed for type (n=36)
eligibity

Less than §
n=374 patients (n=126)

PR Failure to report
Full-text articles

pre- and
assessed for post-procedure
eligibility VAS scores
(n=107> (n=61)

Studies included
in quantitative
synthesis

(n=46)

FIGURE 1
PRISMA flow diagram demonstrating the selection process of
articles.
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follow-up VAS. The second treatment after treatment failure was
counted as one patient and two surgeries, and if the second other
treatment was received, in each of the two treatment modalities,
there was one patient and one operation in each method.

The primary endpoints for this study were postoperative
VAS scores and clinical success rate, with complications and
recurrences as secondary endpoints. We compared VAS scores
and clinical success rates between groups to assess the efficacy of
each surgical method. The rate of complications was calculated
after complications were classified using the Society of
Interventional Radiology (SIR) classification system for
complications (29). The mean and standard deviations (SD) of
perioperative VAS and clinical success rates were calculated, and
data for each patient were recorded separately if they were not
reported in this study. We used SPSS 25.0 for Kruskal-Wallis
testing and the Kruskal-Wallis one-way ANOVA method for
postmortem multiple comparisons to assess differences
between groups.

Results
Study selection

Approximately 375 articles were chosen from the PubMed
database. According to the abstract screening, 106 articles were
not related to the purpose of the current study, 36 articles
belonged to a review, and 126 articles had fewer than five
patients. The full texts of the remaining 107 articles were
reviewed, excluding the 61 articles that did not include a
perioperative VAS score. The PRISMA flow diagram depicts
the process of screening for inclusion (Figure 1).

Patient population

A total of 1615 treatments were administered to 1565
patients with OO. The included patients ranged in age from 3
to 68 years, with the majority being adolescents. Figure 2 shows
the anatomical distribution of OO. Table 1 lists the outcome
indicators for each study. Individual OO of the spine (RFA:
surgery = 7:2, population ratio was 185:30) was recorded in nine
of the included studies. OO of atypical sites was performed
separately in three studies (RFA: surgery = 2:1, population ratio
was 89:26), and four studies included pediatric patients (RFA:
surgery: cryoablation = 2:1:1, population ratio was 40:47:29).

Outcomes
Table 2 describes the characteristics of the patients and each

endpoint. Table 3 shows the total clinical success rate in studies
that recorded atypical sites alone [excluding femur and tibia (64,
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FIGURE 2
Anatomic distribution of osteoid osteomas in the patient cohort
based on technology.

69)] of OO. This study included 70 patients with postoperative
recurrence and 93 patients with postoperative complications
(minor: major=84:9).

Among the 54 patients who relapsed after RFA, 43 were
cured after secondary RFA, nine with open surgery, one with
MW A, and one with laser ablation. Nine patients relapsed after
open surgery, three were cured by secondary surgery, one by
RFA, and five were not recorded. One of the four patients who
relapsed after cryoablation was cured with RFA, while the other
three were cured with secondary cryoablation. While three
patients relapsed after MWA, one underwent surgical
resection, one was cured by secondary MWA, and one was not
recorded. The overall rate of recurrence in 12 cases of atypical
OO (including spine) was 5.5% (n = 18), of which the rate of
recurrence after RFA was 6.2% (n = 17), six were cured by RFA
again after relapse, three were cured by open surgery, and others
were not recorded; the rate of recurrence after open surgery was
1.8% (n = 1), and one case was cured with RFA 2 years later.

The SIR system was used to classify complications. Among
postoperative complications of RFA (minor: major=51:8), 21 were
grade A (five transient pain and paresthesia, one muscle hematoma,
one soft-tissue edema, one skin erythema, one needle tip rupture, 12
abnormalities of the transient blood biochemical index), 29 were
grade B (21 burns, six infection, one fasciitis, one herniated lumbar
discherniation), and eight were grade D (three of osteomyelitis, two
fractures, one thigh abscess, one pulmonary edema, one peroneal
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nerve injury). Postoperative complications of open surgery (minor:
major =16:1), four of grade A (four of temporary dysfunction), 12 of
grade B (six of infection, three of neurovascular injury, two of
limited activity induced by pain, and one of delayed healing), and
one of grade D (fracture). Among the post-cryoablation
complications (minor = 12), four were of grade A (transient pain
and soft tissue swelling), two were of grade B (mild burns), and the
data of six were not recorded in detail. All postoperative
complications of MWA (minor = 5) were grade A (two
paresthesia, two mild burns, and one hypofunction).

The Kruskal-Wallis test results for each outcome in this
experiment are provided below. According to the test criteria of
o= 0.05, the clinical success rate was H=14.818, p=0.002, the
postoperative short-term VAS score was H=212.858, p<0.001,
the postoperative long-term VAS score was H=122.290, p<0.001,
rate of complication was H=102.799, p<0.001, rate of recurrence
was H=17.655, p=0.001, the technical success rate was
H=45.708, p<0.001, Hy was rejected, and it can be considered
that the overall mean of each outcome index in each group was
not completely equal. Table 4 shows pairwise comparisons of the
outcome measures in each group.

Ablation process and follow-up

Table 5 shows the operating and hospitalization times of the
patients in each group. The average intraoperative control
temperature of 826 patients in 24 studies of RFA treatment
was 90°C and continuously heated for 6.7 + 3.3 min. A freezing-
thawing cycle was used to treat the 100 patients with
cryoablation. The average freeze time was 10 min, and the
average thaw time was 7.3 min. In the three MWA studies, the
power of 16W, 80°C ablation was used for 76 + 53.26s; 20W, 80°
C ablations for 2 min; and 50W ablation for 1 min or 60W
ablation for 1.7 min.

RFA, MWA, and surgical resection were found, respectively,
only in one patient with recurrence after 2 years of follow-up.

Discussion

In this study, the technical success rate of each surgical
method was positively correlated with clinical success.
PrudHomme et al. (5) documented a clinical failure of a
patient with OO at the ankle due to slight intraoperative
movement; Le Corroller et al. (24) documented two failed
cases, one of which was due to the unsatisfactory position of
the freezing probe. Chahal et al. (45) documented postoperative
recurrence in nine patients with poor localization. The current
study found that percutaneous ablation had a higher technical
success rate than open surgery. The main reasons for the failure
of each technology were positioning issues and puncturing
issues. Therefore, it also demonstrates that technological
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TABLE 1 Characteristics of the results of each study.

Study Reference Mean Mean VAS pre- VASrecent VAS last post- Clinical Complication Recurrence

no. follow- lesion procedure post- procedure success rate rate

up time  size procedure
(m)  (mm)
Basile, A (26) 8.7 7.3 6 0 03 100.0% 0.0% 0.0%
Coupal, T. M (23) 6 9.9 7.4 15 03 100.0% 0.0% 0.0%
Morassi, L. G (30) 232 NA 8.6 1 0 86.7% 0.0% 15.4%
Regev, G. ] (1) 18 14 7.7 2.8 0 100.0% 0.0% 0.0%
Yu, F (32) 155 NA 34 0.8 0.1 100.0% 0.0% 0.0%
Alemdar, C (33) 53.5 NA 8.1 0.8 1.6 77.4% 7.6% 9.4%
Arikan, Y (34) 15.8 6.9 72 0.64 0.64 82.4% 11.8% 17.7%
Filippiadis, D (35) 6 9.1 8.9 0 0 100.0% 0.0% 0.0%
Gokalp, M. A (36) 12 NA 8.3 05 0 100.0% 0.0% 0.0%
Guo, X (37) 20 NA 65 15 0 100.0% 0.0% 0.0%
Karagoz, E (38) 26.5 8.1 9 0 0 94.4% 11.1% 5.6%
Lin, N (39) 16 1~5 4.7 1.4 0 100.0% 0.0% 0.0%
Masciocchi, C (40) 24 NA 85 15 0 100.0% 6.7% 0.0%
Miyazaki, M (41) 15.1 9.9 7.1 1.6 0.2 86.0% 57.1% 0.0%
Outani, H (42) 18 9 7.3 0 0 96.8% 9.4% 3.1%
Whitmore, M. J (43) 18.3 6.7 10 0 0 90.5% 20.7% 3.5%
Albisinni, U (44) 415 114 8 0 0 93.4% 3.3% 6.6%
Chahal, A (45) 154 8.5 7 0 0 86.2% 2.3% 13.8%
Costanzo, A (46) 84.3 10 7.4 03 0 100.0% 0.0% 0.0%
Erol, B (47) 59 NA 7.7 03 0 100.0% 0.0% 0.0%
Faddoul, ] (48) 12~84 9.9 7.6 2.56 0 87.5% 0.0% 12.5%
Kulkarni, S. § (49) 48 NA 7.8 04 0 97.7% 7.0% 2.3%
Noel, M. A (50) 12 9.9 8.8 2 0 85.7% 0.0% 14.3%
Prudhomme,C (5) 1 5.7 6.46 0.85 0.46 92.3% 15.4% 7.7%
Wang, B (51) 46.6 10.3 7.6 0 03 100.0% 0.0% 0.0%
Wu, H (52) 12 8 32 45 22 72.2% 27.8% 8.3%
Hage, A. N (53) 93.1 9.4 8 0 0 91.3% 2.2% 6.5%
Santiago, E (54) 21 7.8 8 0 0 95.2% 14.3% 4.8%
Ankory, R (55) 36 NA 7.7 05 0 94.2% 1.9% 5.8%
Beyer, T (56) 285 NA 62 0.71 0 89.7% 2.6% 9.1%
Fujiwara, T (14) 25 NA 7 22 0 100.0% 0.0% 0.0%
Kaptan, M. A (57) 17.8 11.84 8.6 0.1 0 100.0% 25.0% 0.0%
Kostrzewa, M. (58) 36 53 6.9 1.25 0 91.7% 4.2% 4.2%
Neyisci, C (59) 16 NA 8.3 123 0 100.0% 9.5% 0.0%
Sahin, C (60) 23 7~15 8 0~1 0 98.0% 6.0% 1.7%
Yu, X (61) 55.5 11.3/13 8/6.5 1/2 0.75/0 100%/ 0.0%/18.8% 0.0%/6.3%
93.8%
Ayas, M. § (62) 12 NA 4.8 0.2 0.2 100.0% 18.8% 6.3%
Reis, J. (63) 12 10/11 7/8 0/0.2 0.4/0.8 93.3%/ 13.3%/0.0% 6.7%/6.7%
93.3%

Tanrverdi, B (64) 46 NA 72 13 0 100.0% 0.0% 0.0%
Yuce, G (65) 22 3.6 8.4 32 32 96.4% 1.8% 3.6%
Arrigoni, F (66) 26 NA 9.1 0 0 98.4% 1.6% 1.6%
Filippiadis, D (67) 233 8.28 9.1 0 0 100.0% 0.0% 0.0%
Le Corroller, T (24) 18~90 6 8 0 0 96.0% 6.0% 4.0%
Lorenc, T (68) 90 5.6 8.5 0 0 87.5% 7.7% 15.4%
Niazi, G. E (69) 24 6.1 8.6 0 0 100.0% 2.9% 0.0%
Somma, F (70) 24 NA 8.3 15 047 96.1% 5.9% 3.9%
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TABLE 2 Patient characteristics and outcomes.

RFA Surgery
Patients (n) 1161 235
Male : female 804 : 357 161 : 74
Age (mean * SD) 20.6 + 4.6 17.1 £ 6.1
lesion size (mm) 9.0 +22 9.2 +38
VAS scores
Preoperative 78+ 1.1 6.5+ 1.8
postoperative short-term 0.7 +£0.8 1.5+ 15
postoperative long-term 02+0.7 0.7+09
Clinical success 94.8% 90.1%
(95%CI) (94.5%, 95.1%) (88.6%,91.7%)
Recurrences 4.8% 3.7%
(95%CI) (4.5%, 5.1%) (3.1%, 4.2%)
Technical success 98.1% 95.8%
(95%CI) (97.9%, 98.3%) (95.1, 96.6%)
Complications 5.1% 7.4%
(95%CI) (4.7%, 5.6%) (6.1%, 8.7%)
Follow-up 324 +224 35.1 +21.0
(mean + SD) 68.6% (393/573) 82.9% (165/199)
Biopsy

failure is a major cause of clinical failure and recurrence. To
improve the effectiveness of surgery, we can choose to perform it
under computer tomography (CT) guidance multiple times, and
we can combine it with 3D reconstruction to design the
puncturing process.

Outani et al. (42) recorded two postoperative fractures and one
postoperative osteomyelitis among the major complications in this
study. A case of fibula fracture occurred 10 days later as a result of
the addition of two additional holes at the ablation site by 3D
navigation that increased bone defect; one case was fracture caused
by intense exercise 5 weeks after the operation, and one case had
osteomyelitis at the ablation site 2 weeks later. Alemdar et al. (33)
recorded incomplete fractures caused by exercise within 3 months
after the operation. Yuce et al. (65) reported osteomyelitis caused by
burn infection caused by needle overheating. Kaptan et al. (57)
documented a case of local osteomyelitis without cause. Based on
the foregoing, several measures can be implemented to prevent the
occurrence of serious complications and thus improve the safety of
surgical treatment, such as preoperative iodine coating to prevent
postoperative infection (71), reducing bone defects during
operation, limiting exercise within 3 months after the operation,
using sterile ice packs to cool the surrounding skin during
percutaneous ablation or inserting additional needles to infuse
saline to protect peripheral nerves (72, 73), or multiple low
power ablations.

Surgical modalities

This study demonstrated that open surgery and
percutaneous ablation are safe and reliable procedures (18, 21).
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Cryoablation MWA Total
110 59 1565
69: 41 37:22 1071:494
22161 228+45 203 £52
69+12 6.8 2.0 8.6 £ 2.4
8.5+ 09 6.7 03 7.6 1.3
14 £ 04 0.7 £ 0.6 0.8+ 1.0
03 0.1 02£02 03+07
94.9% 93.3% 94.0%
(94.4%,95.4%) (92.6%,93.9%) (93.7%,94.3%)
3.6% 5.1% 45%
(3.3%, 3.8%) (4.5%, 5.8%) (4.3%,4.8%)
99.1% 100% 97.9%
(98.9%,99.3%) (100%,100%) (97.7%, 98.1%)
10.9% 8.3% 6.0%
(9.6%, 12.3%) (6.8%, 9.8%) (5.6%, 6.4%)
339 £ 188 18.9 + 14.8 324£218

52.8% (19/36) 72.9% (10/13) 71.5% (587/821)

RFA has become the most widely used method for treating
OO in recent years and is considered the gold standard. RFA was
used to treat approximately 74.2% of the cases in this study. Even
for the OO near nerve sites and other atypical sites, the success
rate was 91.5% and 97.8%, demonstrating the success of RFA in
OO treatment. However, the use of ground pads in RFA
increases the risk of skin burns.

The success rate of open surgery for OO adjacent to
important neurovascular sites and atypical sites was 96.7%
and 100%, respectively. Therefore, open surgery remains a
viable option for OO near neurovascular and atypical sites.
Open surgery is also constantly evolving: CT-guided drilling
resection (33) and CT-guided Kirschner wire positioning
(36). Nevertheless, patients suffer more trauma in
open surgery.

Compared to RFA, conscious patients tolerated cryoablation
well, which can significantly reduce postoperative pain and
hospitalization time (54). Cryoablation has the potential to
reduce the risk of permanent nerve damage. Le Corroller et al.
(24) found no neurological damage following spinal OO
cryoablation. Therefore, cryoablation is preferred for OO near
atypical sites. The procedure is so time-consuming that it
lengthens the duration of the operation and thus increases the
likelihood of complications (71).

In this study, 74.6% (44/59) of OO occurred in the MWA
group at typical sites (femur and tibia). Budrevicius et al. (74)
reported successful MWA treatment in one of the OO cases at
the joint site L3 (not included in this study). MWA of OO in
atypical sites (including the spine) is theoretically equally
effective. MWA had less power than RFA in this study, had a
shorter ablation time, and had no infection or serious
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TABLE 3 The clinical success rate of OO in the atypical sites.

Surgical resectio

96.7% (95.5%, 97.9%
100%

clinical success rate of OO in the spine

clinical success rate of atypical sites

n

)

10.3389/fonc.2022.935640

RFA Total

91.5% (91.0%, 92.1%)
97.8% (97.4%, 98.2%)

92.2% (91.7%, 92.8%)
98.3% (97.9%, 98.6%)

TABLE 4 Results of pairwise comparison of outcome measures in each group.

RFA-Cryoablation RFA-MWA RFA-surgery MWA-Cryoablation

Clinical success H=78.30 H=201.44 H=-1591
rates P=0.471 P=0.004 P=1.000
Recurrence H=28.72 H=-139.23 H=103.03
rate P=1.000 P=0.114 P=0.007
Complication H=-384.50 H=-294.89 H=47.65
rates P<0.001 P<0.001 P=0.810
Postoperative H=415.06 H=-63.59 H=-316.59
short-term VAS P<0.001 P=1.000 P<0.001
Postoperative H=116.28 H=-229.84 H=-231.86
long-term VAS P=0.006 P<0.001 P<0.001
Technical success H=40.62 H=-229.38 H=115.94
rate P=1.000 P<0.001 P<0.001
The P-value in the table is adjusted.
TABLE 5 Mean length of surgery and hospital stay.
Patients
operation time(minutes) RFA 358
Surgery 149
Cryoablation 71
Total 578
length of stay(days) RFA 548
Surgery 166
Cryoablation 50
Total 764

complications after ablation. Therefore, it is concluded that
MWA is a reliable therapy for OO at common sites. However,
in this study, the incidence of burns in MWA (3.4%) is higher
than that of RFA (1.8%), which may be due to the rapid heating
of MWA (75).

Biopsy and follow-up

Although tumor pathology is usually the gold standard,
some doctors insisted that a biopsy was unnecessary due to
the typical symptoms and imaging characteristics of OO.
However, in the study of Regev et al. (31), one patient with
Ewing’s sarcoma was misdiagnosed as OO, and in the Reis et al.
(63) study, a patient with suspected OO was pathologically
diagnosed with osteosarcoma (this patient was not included in
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MWA-surgery Cryoablation-surgery
H=-123.14 H=-217.35 H=94.212
P=0.523 P=0.005 P=0.405
H=167.95 H=242.26 H=-74.31
P=0.116 P=0.001 P=0.889
H=-89.602 H=342.55 H=-432.15
P=1.000 P<0.001 P<0.001
H=478.65 H=-252.97 H=731.62
P<0.001 P=0.001 P<0.001
H=346.13 H=-2.02 H=348.14
P<0.001 P=0.001 P<0.001
H=270.00 H=345.32 H=-75.32
P<0.001 P<0.001 P=0.465
Mean SD SEM
72.7 20.19 1.07
70.1 45.26 371
80.0 0.00 0.00
72.9 28.03 117
13 2.02 0.09
2.1 1.36 0.11
04 0.50 0.07
1.4 1.87 0.07

the study). In any case, while a biopsy is not always necessary for
the diagnosis of OO, it is significant to rule out other diseases.

OO recurrence is most common within the first 2 years after
surgery (76, 77). After 24 months, approximately three of 72
recurrences occurred in this experiment. This reflects the
importance of follow-up as well as the reference significance of
at least a 24-month follow-up period.

Limitations

This study has several limitations. First, there was the impact of
systematic and random errors on the validity of the study results.
Second, the article only included studies with five or more patients
from 2014 to 2021, resulting in a limited number of original articles
in the literature. Third, fewer cases of cryoablation and MWA for
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the treatment of OO were reported, limiting the ability to compare
different treatment methods.

Conclusion

In conclusion, open surgery and percutaneous ablation, such
as RFA, MWA, and cryoablation, are appropriate and safe.
Percutaneous ablation has been found to have a higher
technical success rate than open surgery. Open surgery and
cryoablation are effective for OO near nerve sites and in atypical
sites, whereas RFA and MWA are beneficial for OO in most
typical sites.
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Comparison of various surgical
incisions in parotidectomy:

A systematic review and
network meta-analysis

Siyue Yin™*', Yanxun Han?*', Yuchen Liu®**', Bangjie Chen'?,
Ziyue Fu?, Shuyan Sheng?, Jianpeng Wang?, Chuanlu Shen?,
Xinyi Wang? and Yiwen Jia**

Department of Oncology, The First Affiliated Hospital of Anhui Medical University, Hefei, China,
2Anhui Medical University, Hefei, China, *Department of Otolaryngology, Head and Neck Surgery,
The First Affiliated Hospital of Anhui Medical University, Hefei, China, “Department of
Gastroenterology, The Third Affiliated Hospital of Anhui Medical University (Hefei first people’s
Hospital), Hefei, China

Background: This network meta-analysis aimed to comprehensively compare
the operative and postoperative outcomes of different parotidectomy incisions.

Methods: Embase, PubMed, Web of Science, and Cochrane Central Register of
Controlled Trials were searched up to April 2022. A complete Bayesian network
meta-analysis was performed using the Markov Monte Carlo method in OpenBUGS.

Results: Seventeen studies with 1609 patients were included. Thirteen were
retrospective cohort studies, three were prospective cohort studies, and one
was a randomized controlled study. The quality of evidence was rated as very
low in most comparisons. The incision satisfaction score of the modified facelift
incision (MFI), retroauricular hairline incision (RAHI), V-shaped incision (VI) were
higher than that of the modified Blair incision (MBI) (MBI vs. MFI: mean difference
[MD] -1.39; 95% credible interval [Crl] -2.23, -0.57) (MBI vs. RAHI: MD -2.25; 95%
Crl -3.40, -1.12) (MBI vs. VI: MD -2.58; 95% Crl -3.71, -1.46); the tumor size treated
by VI was smaller than that by MBI (MD 5.15; 95% Crl 0.76, 9.38) and MFI (MD 5.16;
95% Crl 0.34, 9.86); and the risk of transient facial palsy in the MFI was lower than
that in the MBI (OR 2.13; 95% Crl 1.28, 3.64). There were no differences in operation
time, drainage volume, wound infection, hematoma, salivary complications, Frey
syndrome, or permanent facial palsy between incision types.

Conclusion: The traditional MBI is frequently used for large tumor volumes, but
the incision satisfaction score is low and postoperative complication control is
poor. However, emerging incisions performed well in terms of incision
satisfaction scores and control of complications. More randomized
controlled trials are needed to compare the different parotidectomy
incisions. Patients should be fully informed about the characteristics of each
incision to make the most informed decision, along with the physician’s advice.

Systematic Review Registration: PROSPERO, identifier CRD42022331756
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1 Introduction

The parotid glands, being the largest pair of salivary glands
in the human body, are the location of approximately 80% of
salivary gland cancer (1). According to the International Agency
for Research on Cancer, there were 53,583 new cases of salivary
gland cancer globally in 2020, accounting for 0.3% of all cancers
(2). Most parotid tumors are benign, and parotidectomy is the
preferred treatment option because of recurrence and potential
malignant transformation (3, 4). Since the classic
cervicomastoidfacial incision was proposed by Blair in 1912,
the operative approach for parotid gland resection has
undergone continuous improvement and innovation (5).
Endoscopy- and robot-assisted parotidectomy techniques have
also progressed in recent years, but their safety and ease of use
need to be further proven in practice.

Currently, four incision types are commonly used for
parotidectomy. The modified Blair incision (MBI) is the most
widely used surgical incision in the clinic, while the modified
facelift incision (MFI), retroauricular hairline incision (RAHI),
and V-shaped incision (VI) are becoming increasingly prevalent.
A large-scale surgical incision allows for full exposure of the
parotid gland tissue to minimize facial nerve injury, but the
ensuing huge facial scar inevitably inflicts a psychological load
on the patient (6, 7). In contrast, smaller incisions with better
cosmetic results require persuasive data representation to
control complications.

There has been ongoing discussion regarding the different
incision types for parotidectomy. Unfortunately, the number of
relevant meta-analyses is limited (8). This study compared four
incision options for parotidectomy based on a Bayesian network
meta-analysis with the aim of providing evidence for surgical
and patient incision selection.

2 Methods
2.1 Search strategy

This study was registered a priori with PROSPERO
(CRD42022331756). We conducted a systematic literature

search of Embase, PubMed, Web of Science, and Cochrane
Central Register of Controlled Trials in April 2022 and were
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not restricted with regard to publication language and date. The
complete search strategy is presented in Supplementary
Material. We also reviewed the references of the included
articles to identify additional potential studies. Because all
analyses were based on previously published studies, ethical
approval and patient consent were not required.

2.2 Study selection

Following the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis guidelines, studies were included
based on the population, intervention, comparison, outcome,
and study design (PICOS). The PICOS components of this study
were as follows: P (patients who underwent parotidectomy with
speculated benign parotid tumors on preoperative examination),
I (use of MBI [Figure 1A], MFI [Figure 1B], RAHI [Figure 1C],
or VI [Figure 1D] in parotidectomy), C (pairwise comparisons
between the four incisions), O (intraoperative and postoperative
parameters, including operation time, incision satisfaction score,
drainage volume, permanent facial palsy, bleeding volume,
transient facial palsy, Frey syndrome, salivary complications,
wound infection, and hematoma), and S (randomized clinical
trials [RCTs] or original research articles with prospective or
retrospective designs).

The inclusion criteria were as follows: 1) RCTs or original
research articles with prospective or retrospective designs, 2)
articles that included patients who underwent parotidectomy
and who had speculated benign parotid tumors by preoperative
examination, and 3) studies that reported the outcome of
parotidectomy and included at least one required outcome
measure. The exclusion criteria were as follows: 1) studies
using endoscopes or robots to assist with surgery, 2) studies
with no control group, 3) studies related to flap or fascia
reconstruction, 4) articles not published in English, and 5)
review articles, short reports, and letters to the editor.

2.3 Data extraction and quality
assessment

Data were independently extracted by two investigators. All
divergences that arose throughout the procedure were reviewed
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FIGURE 1

10.3389/fonc.2022.972498

Parotidectomy via four incisions: (A) modified Blair incision, (B) modified facelift incision, (C) retroauricular hairline incision, (D) V-shaped incision.

by a third investigator, and a decision was made. The extracted
data included the name of the first author, year of publication,
country, study type, age, sex, duration of follow-up, surgical
approach, tumor size, operation time, and postoperative
outcomes. The primary outcomes were incision satisfaction
score, operation time, drainage volume, and permanent facial
palsy. Secondary outcomes were tumor size, transient facial
palsy, Frey syndrome, salivary complications, wound infection,
and hematoma. If relevant data were missing, an approximate
formula was used for the calculation. The quality of the included
RCTs was evaluated using the Cochrane Collaboration Tool,
while the Newcastle-Ottawa scale (NOS) and the risk of bias in
non-randomized studies of interventions (ROBINS-I) were used
to assess the quality of the cohort studies. The evaluation criteria
for the RCT tool included the randomization procedure,
allocation concealment, baseline comparability of the research
groups, blinding, and completeness of follow-up (9). NOS
evaluates and scores study bias out of 9 points, including 4 for
patient selection, 2 for research group comparability, and 3 for
outcome evaluation. The ROBINS-I assesses bias due to
confusion, subject selection, intervention classification,
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deviations from expected interventions, missing data, outcome
measures, and reported outcome selection.

2.4 Statistical analysis

This network meta-analysis was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis guidelines (10). For continuous variables, the mean
difference (MD) was calculated. As the variables in the
categorical data were all adverse event outcomes and the
positive rate was low, the odds ratio (OR) was used to
calculate the effect size. For zero positive event outcomes, 0
was replaced by 0.5 to prevent a large confidence interval (11). A
pairwise comparison meta-analysis was performed to obtain
direct comparison results. To visualize all head-to-head
comparisons for each outcome, we created network plots. Our
study was based entirely on the random effects of the Bayesian
approach and was analyzed using the Monte Carlo Markov
chain (MCMC) method in OpenBUGS Version 3.2.3. The
auxiliary statistical analysis and mapping were performed
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using software R 4.1.3 (main packages including gemtc and
rjags) and Stata V.14. The fit of the model was verified using
totresdev, and convergence was ensured using trace plots,
Autocorr, Brooks-Gelman-Rubin diagnostic diagrams, and
Potential Scale Reduction Factor (PSRF). The deviance
information criterion (DIC) of the consistent and inconsistent
models was compared to select a better model (12). If the
inconsistent model had a better fit (low DIC value), the results
were interpreted with caution (13). League tables were used to
show the pooled comparisons for each outcome. We tested the
overall heterogeneity of the outcomes and compared local
inconsistencies using the node-splitting method. The
evaluation criteria for statistical heterogeneity were as follows:
I” index values below 25% were considered as low heterogeneity,
50% as moderate heterogeneity, and 75% as high heterogeneity.
Statistical significant was set at P<0.05. The surface under the
cumulative ranking (SUCRA) was used to rank the inspected
interventions (14). Furthermore, we evaluated publication bias
using a funnel plot for outcomes in more than 10 studies. Finally,
we used the network meta-analysis recommendations for
grading and developed GRADE to assess the certainty of
evidence (15).

3 Results

3.1 Search results and
methodological quality

The selected databases were searched for 334 potentially
related articles. Following the removal of duplicate studies, the
titles and abstracts of 166 selected studies were examined and
121 unqualified papers were eliminated. After reading the full
text, 1609 patients were included across 17 qualified articles,
including one RCT, 13 retrospective cohort studies, and three
prospective cohort studies. Figure 2 shows literature selection
procedure in this study.

The baseline characteristics of the 17 types of research included
in the network meta-analysis are presented in Table 1 (16-32). In
our analysis, 14 of the studies were two-arm trials and three were
three-arm trials involving four different surgical procedures. Nine
cohort studies were considered to be of high quality, with NOS
scores of 7 or greater. Specific scores are presented in Table 1.
Table 2 shows the findings of the bias risk assessment for cohort
studies using the ROBINS-I, with eight studies having a low overall
bias. The results of RCT evaluated by the Cochrane Collaboration
Tool are shown in Table 3.

3.2 Traditional meta-analyses

Figures 3, 4 summarize the direct comparison results of the
pairwise meta-analyses of continuous and dichotomous
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outcomes from the 17 studies, respectively. The MFI, RAHI
and VI had significantly higher incision satisfaction scores than
the MBI; the RAHI and VI had significantly higher incision
satisfaction scores than the MFI; however, no study has directly
compared the RAHI and VI. VI required substantially longer
time to operate than MBI, whereas MFI lasted significantly
longer than RAHI. MBI had a significantly larger tumor size
than MFI, whereas VI was significantly smaller than the other
three incisions. The incidence of transient facial palsy was
significantly higher only in the MBI group when compared
with the MFI group, and there was no statistical significance
in a pairwise direct comparison of other complications. Overall,
the heterogeneity was low, although several groups had high
values, reflecting differences in surgical skills among physicians
or the small number of studies included in these
pairwise comparisons.

3.3 Bayesian network meta-analyses

Figure 5 shows the network relationships between the
different incisions. The area of each circle denotes the number
of patients included, and the thickness of the lines linking the
two surgical incisions represents the number of articles. Table 4
displays the pooled comparison findings, with the statistically
significant values highlighted in bold.

3.3.1 Incision satisfaction score

Nine studies including 585 patients provided data on
incision satisfaction scores. Meta-analysis of pooled network
showed similar MDs when comparing MFI vs. RAHI (MD -0.85;
95% credible interval [CrI] -2.00, 0.28), MFI vs. VI (MD -1.18;
95% Crl -2.49, 0.11), RAHI vs. VI (MD -0.33; 95% CrI -1.88,
1.23), while MBI vs. MFI (MD -1.39; 95% CrI -2.23, -0.57), MBI
vs. RAHI (MD -2.25; 95% CrI -3.40, -1.12), and MBI vs. VI (MD
-2.58; 95% Crl -3.71, -1.46) were signifificant (Table 4A). No
statistical difference was observed between direct and indirect
comparisons (MFI vs. MBI, p=0.08; RAHI vs. MBI, p=0.36;
RAHI vs. MFI, p=0.21; VI vs. MFI, p=0.14). The overall
heterogeneity was low (I* = 6%). The SUCRA rankings were
0.1% for MBI, 36% for MFI, 75% for RAHI, and 88% for VI.

3.3.2 Operation time

Eleven studies involving 957 patients reported the operation
time. Meta-analysis of the pooled network showed similar MDs
when comparing MBI vs. MFI (MD -1.67; 95% Crl -11.49,
10.39), MBI vs. RAHI (MD -0.40; 95% CrI -13.52, 14.08), MBI
vs. VI (MD -3.53; 95% CrI -17.91, 9.81), MFI vs. RAHI (MD
1.30; 95% CrI -12.60, 14.16), MFI vs. VI (MD -1.86; 95% CrI
-18.42, 11.48), RAHI vs. VI (MD -3.12; 95% CrI -21.20, 12.57)
(Table 4B). No statistical difference was observed between the
direct and indirect comparisons (MFI vs. MBI, p=0.09; RAHI vs.
MBI, p=0.52; VI vs. MBI, p=0.09; RAHI vs. MFI, p=0.29; VI vs.
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The Preferred Reporting Items for Systematic Reviews and network meta-analyses checklist (PRISMA-NMA) diagram

MFI, p=0.35; VI vs. RAHI, p=0.40). The overall heterogeneity
was low (I* © 13%). The SUCRA rankings were 63% for MBI,
46% for MFI, 58% for RAHI, and 33% for VI.

3.3.3 Drainage volume

Seven studies with a total of 960 patients reported the
drainage volume. Meta-analysis of the pooled network showed
similar MDs when comparing MBI vs. MFI (MD -3.22; 95%
Crl -15.16, 5.55), MBI vs. RAHI (MD 7.54; 95% CrI -13.56,
22.30), MBI vs. VI (MD 0.36; 95% CrI -10.68, 11.63), MFI vs.
RAHI (MD 10.99; 95% CrI -6.35, 24.47), MFI vs. VI (MD 3.67;
95% CrlI -7.12, 17.53), RAHI vs. VI (MD -7.15; 95% CrI -22.19,
14.14) (Table 4C). No statistical difference was observed between
the direct and indirect comparisons (MFI vs. MBI, p=0.41; V vs.
MBI, p=0.35; VI vs. MFL, p=0.92; VI vs. RAHI, p=0.70). The
overall heterogeneity was low (I* = 14%). The SUCRA rankings
were 50% for MBI, 15% for MFI, 84% for RAHI, and 51% for V1.

3.3.4 Permanent facial palsy
Eleven studies of 969 patients reported permanent facial
palsy. Meta-analysis of the pooled network showed similar ORs
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when comparing MBI vs. MFI (OR 1.04; 95% CrI 0.30, 7.49),
MBI vs. RAHI (OR 0.56; 95% CrI 0.11, 25.13), MBI vs. VI (OR
0.60; 95% CrI 0.13, 11.98), MFI vs. RAHI (OR 0.37; 95% CrI
0.07, 18.85), MFI vs. VI (OR 0.36; 95% CrI 0.07, 10.17), RAHI vs.
VI (OR 0.15; 95% CrI 0.03, 20.62) (Table 4D). No statistical
difference was observed between the direct and indirect
comparisons (MFI vs. MBI, p=0.71; RAHI vs. MBI, p=0.90; V
vs. MBI, p=0.61; RAHI vs. MFI, p=0.40; VI vs. MFI, p=0.60; VI
vs. RAHI, p=0.65). The overall heterogeneity was low (I* = 0%).
The SUCRA rankings were 7% for MBI, 57% for MFIL, 61% for
RAHI, and 76% for VI.

3.3.5 Secondary outcomes

Tables 5 and 6 provide a mixed comparison and SUCRA
rankings of the secondary outcomes, respectively. Meta-analysis
of the pooled network did not show statistically significant OR
comparing MBI vs. MFI, MBI vs. RAHI, MBI vs. VI, MFI vs.
RAHI, MFI vs. VI, and RAHI vs. VI in terms of hematoma (OR
1.22, 95% Crl 0.35, 9.09; OR 0.52, 95% CrI 0.10, 33.33; OR 0.33,
95% Crl 0.07, 12.50; OR 0.28, 95% CrI 0.05, 16.67; OR 0.15, 95%
CrI 0.03, 9.09; OR 0.08, 95% CrI 0.02, 16.67, respectively). The
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TABLE 1 Characteristics and NOS quality assessment of the included studies.

Author, Study Surgical No.of Age Gender Follow-up Tumor Newcastle-Ottawa Scale
year, design procedure patient (years) (M/F) (months) size
country (mm)  Selection Comparability Outcome Total
(9%)
Terris (16), RCS MBI 15 40.3 + 5/10 7.7 £ nr nr YR * b g*e 6
USA 24.6
MFI 17 403 + 1/16 8.1 + nr
12.3
Roh (17) Korea RCS MBI 49 50.5 + 23/26 48 + 23 29 + 19 Yotk Yo Yot 9
15.7
MFI 52 484 + 24/28 47 £22 27 + 18
14.6
Wasson (18), RCS MBI 59 51 + nr 29/30 >6 nr Yo Ye¥e Yo Y 6
UK MFI 20 44+nr 11/9
Bianchi (19), RCS MBI 35 nr nr >18 nr bigiae > YooY 7
Italy MEI 48
Lee (20), Korea ~ RCS MBI 162 4582 + 90/72 8.98 + nr 26.49 + Kt de A # Foe 7
18.44 11.94
MFI 182 4412+  51/131 23.76 + 9.98
16.76
Zhi (21), China  RCS MBI 20 49 + nr nr 36 +0 nr Fokete F Ktk 7
MFI 18 45 + nr
Graciano (22) RCS MBI 30 47.3 + 21/9 nr 48.12 + nr pig e Yo Yo¥e 6
Brazil nr
MFI 30 34.93 + 11/19 3429 + nr
nr
Kim (23), RCS MBI 16 45 + nr 6/10 29 £+ NA 27.1 £ nr YRR Yo YooY 8
Korea MEFI 24 Sltnr  9/15 274+ nr
RAHI 33 46 *+ nr 14/19 27.8 £ nr
Bulut (24) RCS MBI 24 43 + nr 5/19 97 + NA 31+ nr Yottt % Yot Fe 8
Germany MFI 24 Brnr 519 29 + nr
Wu (25), RCS MBI 28 472+ 14/14 25+ 0 2249 Fetede Yot Fok 7
China 14.1
RAHI 36 48.1 + 22/14 24+9
18.0
Xu (26), China ~ PCS MBI 35 41.66 + 17/18 48 + nr 37.2+6.9 Fete e * Yo Fe 7
13.18
MFI 36 39.46 + 14/22 35.7 + 6.5
11.18
Zheng (27), PCS MBI 23 37.5 + 11/12 192 +2.8 251 +5 Yo te e # Yok 6
China 8.9
VI 23 36.2 + 10/13 187 2.6 2346
8.7
Jo, Korea PCS MBI 40 511 + 19/21 nr 247 +79  HHhk * Yo 6
17
VI 34 463 + 13/21 214 +5.8
134
Ahn (28), RCS MFI 122 53.5 + 71/51 nr 28 + 11 Yottt % e 7
Korea 14.8
RAHI 50 51.8 + 24/26 27 + 10
17.7
VI 41 01+ 12/29 19+5
14.5
Li (29), China RCT MBI 20 4335 + 15/5 nr 22.5 + nr - - - -
8.83
(Continued)
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TABLE 1 Continued
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Author, Study Surgical No.of Age Gender Follow-up Tumor Newcastle-Ottawa Scale
year, design procedure patient (years) (M/F) (months) size
country (mm)  Selection Comparability Outcome Total
(95%)
MFI 20 45.95 + 16/4 17 + nr
8.16
VI 20 43.40 + 16/4 18 + nr
9.89
Zhang, China RCS MBI 36 nr 23/13 6 nr Fodek K * 6
MEFI 32 nr
Chen (30), RCS MEI 29 56 + 16/13 nr 27.7£9.9 Hotet % Hot 6
China 11.86
RAHI 19 39+ 6/13 2439
14.49
Matsumoto RCS MBI 97 50.71 £ 35/62 nr 26.36 + Rig o1 o Yk 7
(21), Japan 15.08 10.77
MEFI 78 5199 +  29/49 nr 2578 +
13.53 11.85

RCS, retrospective cohort study; PCS, prospective cohort study; RCT, randomized controlled trial; MBI, modified Blair incision; MFI, modified facelift incision; RAHI, retroauricular
hairline incision; VI, V-shaped incision; nr, not reported. The number of * corresponds to the score.

SUCRA rankings were 40% for MBI, 67% for MFI, 56% for
RAHI, and 37% for VI. Comparisons of the OR between MBI vs.
MEFI, MBI vs. RAHI, MBI vs. VI, MFI vs. RAHI, MFI vs. VI, and
RAHI vs. VI were also not statistically significant for wound
infection (OR 0.84, 95% CrI 0.21, 10.13; OR 0.26, 95% CrI 0.07,
98.14; OR 0.12, 95% CrI 0.09, 17.69; OR 0.10, 95% CrI 0.04,
80.26; OR 0.03, 95% CrI 0.04, 22.54; OR 0.001, 95% CrI 0.01,

TABLE 2 Risk of bias assessment in cohort studies by ROBINS-I.

49.00, respectively). The SUCRA rankings were 37% for MBI,
54% for MFI, 60% for RAHI, and 49% for VI. In addition, the
pooled network meta-analysis did not find statistically
signiﬁcant ORs comparing MBI vs. MFI, MBI vs. RAHI, MBI
vs. VI, MFI vs. RAHI, MFI vs. VI, and RAHI vs. VI in terms of
salivary complications and Frey syndrome (salivary
complications: OR 1.36, 95% Crl 0.73, 2.83; OR 1.60, 95% CrI

Study  Year Bias due to Bias in Bias in clas- Bias due to deviations Bias due Bias in mea- Biasin Overall
confounding selection of sification of from to surement of  selection
participants interventions intendedinterventions missing  outcomes of the
into the data reported
study result

Terris 16 Moderate Moderate Low Low Low Moderate Low Moderate
Roh 17 Low Low Low Low Low Low Low Low
Wasson 18 Critical Low Low Low Low Low Low Critical
Bianchi 19 Low Moderate Low Low Moderate Low Low Moderate
Lee 20 Low Low Low Low Low Low Low Low
Zhi 21 Low Low Low Low Low Low Low Low
Graciano 22 Moderate Moderate Low Low Low Low Low Moderate
Kim 23 Low Low Low Low Low Low Low Low
Bulut 24 Low Low Low Low Moderate Low Low Moderate
Wu 25 Low Low Low Low Low Low Low Low
Xu 26 Low Low Low Low Low Low Low Low
Zheng 27 Moderate Moderate Low Low Low Low Low Moderate
Jo Low Low Low Low Low Low Low Low
Zhang Critical Moderate Low Low Low Low Low Critical
Ahn 28 Moderate Low Low Low Low Low Low Moderate
Chen 30 Low Moderate Low Low Low Low Low Moderate
Matsumoto 21 Low Low Low Low Low Low Low Low
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No. of No. of Mean difference
Comparisons Studies Patients (95% Crl) 12
Incision
satisfaction score
MBI vs. MFI 5 300 1.32(1.07,1.58) —— 83.50%
MBI vs. RAHI 2 113 2.72(1.62,3.83) —— 77.00%
MBI vs. VI 3 160 1.92(0.68,3.17) S 89.90%
MFI vs. RAHI 2 105 1.45(1.01,1.89) — 0.00%
MFI vs. VI 1 40 1.62(0.90,2.34) ——— 0.00%
RAHI vs. VI 0 0
Operation time
MBI vs. MFI 6 459 0(—0.37,0.37) i 71.00%
MBI vs. RAHI 2 113 0.31(—0.07,0.69) — 0.00%
MBI vs. VI 3 160 0.43(0.03,0.83) —— 35.90%
MFI vs. RAHI 3 277 —0.32(-0.57,-0.06) —— 0.00%
MFI vs. VI 2 203 —0.06(—1.09,0.96) _— 87.40%
RAHI vs. VI 1 91 -0.08(-0.50,0.33) — 0.00%
Drainage volume
MBI vs. MFI 3 559 0.16(-0.01,0.33) e 0.00%
MBI vs. RAHI 0 0
MBI vs. VI 3 160 0.02(-0.29,0.34) —— 0.00%
MFI vs. RAHI 2 220 -0.23(-0.87,0.41) — 73.20%
MEFI vs. VI 2 203 —0.20(-0.75,0.36) e 60.20%
RAHI vs. VI 1 91 —0.01(—0.41,0.42) — 0.00%
Tumor size
MBI vs. MFI 4 691 —0.18(-0.33,-0.03) - 0.00%
MBI vs. RAHI 1 64 0.22(—0.27,0.72) N e 0.00%
MBI vs. VI 2 120 —0.44(-0.80,—0.07) — 0.00%
MFI vs. RAHI 2 220 —0.16(—0.44,0.13) - 0.00%
MFI vs. VI 1 163 —0.91(—1.28,-0.55) — 0.00%
RAHI vs. VI 1 91 —0.98(—1.42,-0.55) — 100.00%
> 0 : .
FIGURE 3

A direct comparison forest map of continuous outcomes.

0.59, 6.56; OR 0.86, 95% Crl 0.37, 2.57; OR 1.11, 95% CrI 0.42,
4.62; OR 0.59, 95% CrlI 0.25, 1.85; OR 0.39, 95% CrI 0.12, 1.99,
respectively) (Frey syndrome: OR 1.41, 95% CrI 0.77, 2.63; OR
1.57,95% Crl 0.66, 5.17; OR 3.11, 95% CrI 0.80, 62.03; OR 1.06,
95% Crl 0.45, 3.55; OR 2.08, 95% Crl 0.53, 42.44; OR 1.57, 95%
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Crl 0.37, 38.00, respectively). The SUCRA rankings of the
former were 26% MBI, 66% MFI, 79% RAHI, and 28% VI,
while that of the latter were 9%, 46%, 57%, and 89%, respectively.
The overall heterogeneity of the four complications was zero
(I* = 0%). Similarly, pooled network meta-analysis did not
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TABLE 3 Risk of bias of one RCT with Cochrane Collaboration tools.
Risk of bias

Random sequence generation
(selection bias)

Allocation concealment
(selection bias)

Blinding of participants and personnel
(performance bias)

Blinding of outcome assessme
(detection bias)

Incomplete outcome data

(attrition bias)

Selective reporting

(reporting bias)

Other bias

10.3389/fonc.2022.972498

Li et al., 2020, China

Quote: “Patients meeting the inclusion criteria were randomly divided into three incision groups by lottery”
Method of random sequence generation can produce comparison groups.

There was no incomplete or missing data.

Consistency between outcome measure in
methods and results.

There were no other sources of bias

Red, yellow and green correspond to a high risk, unknown risk and low risk of bias, respectively.

demonstrate statistically significant ORs comparing MBI vs.
RAHI, MBI vs. VI, MFI vs. RAHI, MFI vs. VI, and RAHI vs.
VTin terms of transient facial palsy (OR 1.37, 95% CrI 0.60, 4.00;
OR 1.23, 95% CrI 0.50, 4.17; OR 0.69, 95% CrI 0.30, 1.96; OR
0.62, 95% Crl 0.25, 2.13; OR 0.75, 95% Crl 0.26, 3.45,
respectively). In contrast, MFI was associated with a
statistically significant lower facial palsy compared to MBI
(OR, 1.92; 95% Crl, 1.22, 2.94). The SUCRA rankings were
15% for MBI, 82% for MFI, 55% for RAHI, and 49% for VI.
Overall heterogeneity was low (= 0). Finally, meta-analysis of
pooled networks showed similar MDs in terms of tumor size
when comparing MBI vs. MFI (MD -0.01; 95% CrI -3.44, 3.39),
MBI vs. RAHI (MD -0.26; 95% Crl -5.04, 4.71), MFI vs. RAHI
(MD -0.24; 95% CrI -4.90, 4.61) and RAHI vs. VI (MD 5.41; 95%
Crl -0.28, 10.73). However, MBI vs. VI (MD 5.15; 95% CrI 0.76,
9.38), and MFI vs. VI (MD 5.16; 95% Crl 0.34, 9.86) were
significant. The SUCRA rankings were 36% for MBI, 35% for
MFI, 31% for RAHI, and 98% for VI. Overall heterogeneity was
low (12 ~ 4).

3.4 Validation and evaluation of models
and results

The model fit using the diagnostic approach described in the
methodology was good, and there was no evidence that any
results were non-MCMC convergent. Furthermore, the node-
splitting method did not exhibit any local inconsistencies. By
comparing the adjusted funnel plots, no publication bias was
observed in operation time, transient facial palsy, permanent
facial palsy, or salivary gland complications; however,
publication bias was found regarding the incision satisfaction
score and Frey syndrome. Funnel plots were not drawn for the
other outcomes because fewer than 10 studies were included.
The GRADE rating results are listed in Table 7. The quality of
evidence was rated as very low in most comparisons.
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4 Discussion

This is the first systematic review and network meta-analysis
to compare the surgical outcomes and complications of four
major parotidectomy incisions. There were no significant
differences in operation time, drainage volume, or permanent
facial palsy. Similarly, no differences were found in salivary
complications, wound infection, hematoma, or Frey syndrome.
The incision satisfaction score was statistically significant in the
comparison between the VI and MBI. Moreover, the VI had a
smaller tumor size than MBI and MFI, and MFI had a
significantly lower risk of transient facial palsy than MBI

Generally, the following considerations govern the surgical
incision design: full surgical field exposure and operability of
lesion resection. Based on the above principles, the traditional
Blair incision was gradually established as the most common
parotidectomy method after modification. Unfortunately, these
S-shaped incisions may leave a visible scar on the face and cause
psychological distress (33). People are paying more attention to
the requirements of beauty as their quality of life improves, and
medical research has begun to investigate the potential for a
good aesthetic effect while maintaining safety (5). The outcomes
of primary incisions have been widely discussed; however, there
has been a lack of convincing evidence on which procedure is
optimal. Relevant RCT's and pairwise meta-analyses are few and
far between, and previously published observational studies have
had inconsistent results, which may be related to heterogeneity
in the population and surgical technique. We performed a
comprehensive Bayesian network meta-analysis to compare
the outcomes of major surgical incisions in parotidectomy.

Scarring after parotidectomy is estimated to be between 54%
and 60% based on prior research (34, 35). Traditional MBI
incisions inevitably leave scarring on the face and neck, and
numerous studies have noted significant patient dissatisfaction
with scarring, which affects long-term quality of life (36).
Although some techniques, such as skin flap and fascia
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FIGURE 4

Comparisons

Wound infection

No. of

No. of

Studies Patients

MBI vs. MFI 5 159
MBI vs. VI 2 120
Hematoma

MBI vs. MFI 5 205
MBI vs. VI 2 120
Salivary complications

MBI vs. MFI 8 516
MBI vs. RAHI 2 113
MBI vs. VI 3 160
MFI vs. RAHI 3 277
MFI vs. VI 2 203
RAHI vs. VI 1 91
Frey’s syndrome

MBI vs. MFI 7 826
MBI vs. RAHI 2 113
MBI vs. VI 2 120
MFI vs. RAHI 3 277
Transient facial nerve palsy

MBI vs. MFI 11 1047
MBI vs. RAHI 2 113
MBI vs. VI 3 160
MFI vs. RAHI 3 277
MFI vs. VI 2 203
RAHI vs. VI 1 91
Permanent facial nerve palsy

MBI vs. MFI 1 101
MBI vs. VI 1 74

A direct comparison forest map of dichotomous outcomes.

10.3389/fonc.2022.972498

Odds ratio
(95% Crl) 12
0.61(0.10,3.91) 0.00%
0.78(0.12,4.97) 0.00%
0.63(0.12,3.32) —————— 0.00%
1.18(0.07,19.53) 100.00%
0.70(0.35,1.43) —.— 0.00%
0.58(0.12,2.82) ———— 0.00%
1.23(0.44,3.44) —_— 0.00%
1.01(0.14,7.22) 31.50%
1.19(0.41,3.45) ————————  18.80%

4.88(0.52,45.36)

—= 0.00%

0.71(0.49,1.03) —-— 0.00%
0.76(0.29,2.04) ~ —=— 0.00%
0.17(0.01,3.36) =——————  100.00%
0.77(0.18,3.33) —=——  2430%
0.59(0.42,0.84) - 0.00%
0.82(0.28,2.35) ~——— 0.00%
123(0.35,430) ~——————= 0.00%
1.00(0.41,2.46) —_— 0.00%
0.93(0.302.87) ~—e—— 0.00%
0.61(0.11,3.50) ——————  0.00%
0.31(0.01,7.90) 0.00%
0.39(0.02,9.92) 0.00%

reconstruction, can help prevent this issue, locating a better
concealed incision can also help lessen the cosmetic negative
impacts of scars (37). The novel VI, consisting of only anterior
and posterior auricular incisions, has shown good cosmetic
results in some previous studies (27, 31, 38). Similarly, based
on the results of the SUCRA, our study rated VI as an approach
with a higher incision satisfaction score and found it significantly
superior to MBI. Furthermore, VI was significantly associated
with tumor size when compared with MBI and MFI, indicating
that tumor size is one of the parameters used by surgeons to
choose surgical incisions. However, SUCRA data revealed that
VI required the most operation time and MBI the least, despite
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no statistically significant difference between the four incisions.
This might be attributed to a higher level of mastery of classical
procedures; therefore, as proficiency increases, the surgical times
for emerging incisions can be expected to decrease.

Owing to the substantial blood supply in the parotid gland
region, much of the leaking blood, as well as saliva released by
the remaining gland, would be collected in the cavity
generated following parotidectomy (39). The presence of these
fluids can cause complications such as seroma, and head and
neck wounds should be drained with a drainage tube, according
to the national consensus (39). Excessive drainage flow is likely
to cause complications, such as infection and salivary fistula,
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Network maps of all outcomes: (A) incision satisfaction score, (B) operation time, (C) drainage volume, (D) tumor size, (E) hematoma, (F) wound
infection, (G) permanent facial palsy, (H) transient facial palsy, (I) salivary complications, (J) Frey syndrome.

resulting in prolonged hospital stays and increased medical costs
(40). Notably, although there was no statistically significant
difference in drainage volume between the four types of
incisions, the RAHI was classified in the SUCRA ranking as
the incisions with the least drainage.

Transient facial palsy is the most frequent early complication
of parotidectomy (41). Permanent facial palsy after
parotidectomy is the most serious complication that affects
patients’ quality of life. According to previous studies, the
incidences of early transient facial palsy and long-term
permanent facial palsy are 42-45% and 0-3.9%, respectively
(34, 35). With the gradual standardization of parotid surgery
for the dissection and protection of facial nerves, and the wide
application of intraoperative facial nerve monitoring, the
incidence of facial paralysis has been greatly reduced; this in
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turn reduces the difference in the incidence of facial paralysis
caused by different incisions (42, 43). In this review, the SUCRA
results showed that conventional MBI had the highest risk of
facial palsy. Furthermore, MBI’s SUCRA ranking in
complications such as hematoma, wound infection, and
salivary gland damage remained low, although the difference
was not statistically significant in the pooled comparison results.

Frey syndrome occurs in 4-62% of patients 6 to 18 months
after parotidectomy and is characterized by gustatory sweating
and flushing (44). The incidence of Frey syndrome was
documented in 12 of the included studies; however, none of
these studies described the use of objective methods for
diagnosis, which may result in the reported incidence being
lower than the true value (45). A number of surgical techniques
have been described to prevent this complication, and studies
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TABLE 4 League table of primary outcomes.

MBI

-0.76 (-2.19,0.66)
-1.95 (-4.08,0.17)
-2.47 (-4.51,-0.43)
MBI

-1.67 (-11.49,10.39)
-0.40 (-13.52,14.08)
-3.53 (-17.91,9.81)
MBI

-3.22 (-15.16,5.55)
7.54 (-13.56,22.30)
036 (-10.68,11.63)
MBI

1.04 (0.30,7.49)
056 (0.11,25.13)
0.60 (0.13,11.98)

MFI
-1.18 (-3.30,0.93)
-1.70 (-4.04,0.62)

MFI
1.30 (-12.60,14.16)
-1.86 (-18.42,11.48)

MFI
10.99 (-6.35,24.47)
3.67 (-7.12,17.53)

MFI
0.37 (0.07,18.85)
0.36 (0.07.10.17)

RAHI
-0.52 (-3.39,2.35)

RAHI
-3.12 (-21.20,12.57)

RAHI
-7.15 (-22.19,14.14)

RAHI
0.15 (0.03,20.62)

Values of A, B, and C are expressed as mean difference (MD) and 95% credible intervals (95% CrI).

Values of D is expressed as odds ratio (OR) and 95% credible intervals (95% CrT).

A incision satisfaction score, B operation time, C drainage volume, D permanent facial palsy.
The bold values indicate that the comparison between the two is statistically significant.

TABLE 5 League table of secondary outcomes.

MBI

-0.01(-3.44,3.39)
-0.26 (-5.04,4.71)
5.15(0.76,9.38)
MBI
1.22(0.35,9.09)
0.52(0.10,33.33)
0.33(0.07,12.50)
MBI
0.84(0.21,10.13)
0.26(0.07,98.14)
0.12(0.09,17,69)
MBI
1.92(1.22,2.94)
1.37(0.60,4.00)
1.23(0.50,4.17)
MBI
1.36(0.73,2.83)
1.60(0.59,6.56)
0.86(0.37,2.57)
MBI
1.41(0.77,2.63)
1.57(0.66,5.17)
3.11(0.80,62.03)

MFI
-0.24(-4.90,4.61)
5.16(0.34,9.86)

MFI
0.28(0.05,16.67)
0.15(0.03,9.09)

MFI
0.10(0.04,80.26)
0.03(0.04,22.54)

MFI
0.69(0.30,1.96)
0.62(0.25,2.13)

MFI
1.11(0.42,4.62)
0.59(0.25,1.85)

MEFI
1.06(0.45,3.55)
2.08(0.53,42.44)

RAHI
5.41(-0.28,10.73)

RAHI
0.08(0.02,16.67)

RAHI
0.001(0.01,49.00)

RAHI
0.75(0.26,3.45)

RAHI
0.39(0.12,1.99)

RAHI
1.57(0.37,38.00)

The bold values indicate that the comparison between the two is statistically significant.
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TABLE 6 SUCRA of secondary outcomes.

Outcomes (%)Incisions MBI MFI RAHI VI
tumor size 36 35 31 98
hematoma 40 67 56 37
wound infection 37 54 60 49
transient facial palsy 15 82 55 49
salivary complications 26 66 79 28
Frey syndrome 9 46 57 89

The smaller the tumor size, the greater the SUCRA value.
The lower the incidence of adverse outcomes, the higher the SUCRA value.

TABLE 7 Quality of evidence for outcomes based on the GRADE method.

Outcomes Comparison  Study limitations Imprecision Inconsistency Indirectness Quality of evidence
incision satisfaction score MBI vs. MFI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. VI Downgraded No downgraded ~ No downgraded No downgraded Low
MFI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
RAHI vs. VI Downgraded Downgraded No downgraded Downgraded Very low
operation time MBI vs. MFI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
RAHI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
drainage volume MBI vs. MFI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. RAHI Downgraded Downgraded No downgraded Downgraded Very low
MBI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
RAHI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
permanent facial nerve palsy ~ MBI vs. MFI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
RAHI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
tumor size MBI vs. MFI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. VI Downgraded No downgraded ~ No downgraded No downgraded Low
MFI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. VI Downgraded No downgraded ~ No downgraded No downgraded Low
RAHI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
hematoma MBI vs. MFI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
RAHI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
(Continued)
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TABLE 7 Continued
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Outcomes Comparison  Study limitations Imprecision Inconsistency Indirectness Quality of evidence
wound infection MBI vs. MFI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. VI Downgraded Downgraded No downgraded Downgraded Very low
RAHI vs. VI Downgraded Downgraded No downgraded Downgraded Very low
transient facial palsy MBI vs. MFI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
RAHI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
salivary complications MBI vs. MFI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
RAHI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
Frey syndrome MBI vs. MFI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MBI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. RAHI Downgraded Downgraded No downgraded No downgraded Very low
MFI vs. VI Downgraded Downgraded No downgraded No downgraded Very low
RAHI vs. VI Downgraded Downgraded No downgraded No downgraded Very low

Based on all the above information, we GRADEd each network estimate according to the following criteria.

(1) Study limitations: We downgraded by evidence at high risk of bias.

(2) Imprecision: We considered a clinically meaningful threshold for OR to be 0.80 or 1.25 and downgraded the estimate if the OR point estimate is 1 or more and the lower limit of its CrI is
below 0.80; or if the OR point estimate is less than 1 and the upper limit of its CrI is above 1.25. We downgraded when the CrI of MD included zero between the upper and lower CrI limits.
(3) Inconsistency: We looked at the results of node-splitting and we downgraded the comparisons with important inconsistency (p<0.05), where we have not downgraded for imprecision.

(4) Indirectness: We downgraded singly-connected nodes for indirectness because evaluation of transitivity for such nodes is unclear.
(5) Publication bias: Publication bias could not be assessed as there were <10 trials available for each of the comparisons.

have attempted to determine the best way to reduce its incidence
(46). Studies have shown that the size of the parotid gland tumor
affects the incidence of Frey syndrome, which is explained by the
fact that the less parotid tissue that needs to be dissected, the
lower the likelihood of parasympathetic supply disruption (18,
47, 48). This view is seemingly supported by our findings, which
shows that the SUCRA ranking of Frey syndrome and tumor size
are consistent among the four incisions.

Although our meta-analysis yielded several novel results, it
had certain limitations. First, this study contained only one RCT,
with the remainder being single-center observational studies
with potential selection and reporting bias. Second, two-thirds of
the studies were conducted in East Asia, limiting the worldwide
generalizability of our findings. Third, there was significant
heterogeneity between MBI and the other three incisions in
the pairwise meta-analyses. Fourth, some of the primary
outcomes were rated as low or very low in evidential strength,
based on the GRADE evaluation. Therefore, this may undermine
the strength of the current findings. However, it is important to
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understand that high-quality evidence might be difficult to
obtain because grade judgments can be overly cautious (49).

Conclusion

Based on published studies, our network meta-analysis
provides updated evidence for the multiple outcomes of MBI,
MFI, RAHI, and VI. The most important advantages of VI are
good incision satisfaction and better performance in the
management of complications. Further randomized controlled
trials and complementary outcome data are needed to test the
credibility of our findings.
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Background: In recent years, an increasing number of thoracic surgeons have
attempted to apply no routine chest tube drainage (NT) strategy after
thoracoscopic lung resection. However, the safety and feasibility of not
routinely placing a chest tube after lung resection remain controversial. This
study aimed to investigate the effect of NT strategy after thoracoscopic
pulmonary resection on perioperative outcomes.

Methods: A comprehensive literature search of PubMed, Embase, and the
Cochrane Library databases until 3 January 2022 was performed to identify the
studies that implemented NT strategy after thoracoscopic pulmonary
resection. Perioperative outcomes were extracted by 2 reviewers
independently and then synthesized using a random-effects model. Risk ratio
(RR) and standardized mean difference (SMD) with 95% confidence interval (Cl)
served as the summary statistics for meta-analysis. Subgroup analysis and
sensitivity analysis were subsequently performed.

Results: A total of 12 studies with 1,381 patients were included. The meta-
analysis indicated that patients in the NT group had a significantly reduced
postoperative length of stay (LOS) (SMD = -0.91; 95% ClI: -1.20 to -0.61; P <
0.001) and pain score on postoperative day (POD) 1 (SMD = -0.95; 95% CI: -1.54
to -0.36; P = 0.002), POD 2 (SMD = -0.37; 95% CI: -0.63 to -0.11; P = 0.005),
and POD 3 (SMD = -0.39; 95% ClI: -0.71to -0.06; P = 0.02). Further subgroup
analysis showed that the difference of postoperative LOS became statistically
insignificant in the lobectomy or segmentectomy subgroup (SMD = -0.30; 95%
Cl: -0.91t0 0.32; P = 0.34). Although the risk of pneumothorax was significantly
higher in the NT group (RR = 1.75; 95% CI: 1.14-2.68; P = 0.01), the
reintervention rates were comparable between groups (RR = 1.04; 95% ClI:
0.48-2.25; P = 0.92). No significant difference was found in pleural effusion,
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subcutaneous emphysema, operation time, pain score on POD 7, and wound
healing satisfactory (all P > 0.05). The sensitivity analysis suggested that the
results of the meta-analysis were stabilized.

Conclusions: This meta-analysis suggested that NT strategy is safe and feasible
for selected patients scheduled for video-assisted thoracoscopic pulmonary

Systematic Review Registration: https://inplasy.com/inplasy-2022-4-0026,

no routine chest tube drainage strategy, traditional chest tube drainage, video-
assisted thoracoscopic lung resection, perioperative outcomes, systematic review,

Li et al.
resection.
identifier INPLASY202240026.
KEYWORDS
meta-analysis
Introduction

Lung cancer is the fastest-growing malignancy worldwide in
morbidity and mortality, the most common cause of cancer
death in men and the second leading cause of cancer death in
women (1). Due to the popularization of low-dose computed
tomography (CT) screening, the rate of detection of small
pulmonary nodules (especially ground-glass nodules) has
significantly increased in recent years, which makes early
diagnosis and treatment of lung cancer more challenging (2,
3). With the rapid development of minimally invasive
techniques, traditional thoracotomy has been transformed into
video-assisted thoracoscopic surgery (VATS) with less risk to
patients (4, 5). In general, a chest tube is routinely placed in the
pleural cavity to mitigate against possible air leaks, hemorrhage,
and chylothorax after VATS (6). However, some side effects of
chest tube insertion are still difficult to avoid, such as increased
postoperative pain and hindrance to postoperative activity,
which could impede patient functional rehabilitation and
significantly prolong postoperative length of stay (LOS) (7, 8).

Enhanced recovery after surgery (ERAS) is a multimodal
perioperative management strategy first proposed by Dr.
Engelman in 1994 in order to reduce postoperative pain,
promote patients’ recovery, reduce the cost of hospitalization,
and shorten the length of hospital stay (9). In recent years, this
multidisciplinary perioperative rehabilitation concept has been
widely applied in thoracic surgery with satisfactory results (10).
An increasing number of thoracic surgeons, in order to promote
the idea of ERAS, have attempted to apply no routine chest tube
drainage (NT) strategy after thoracoscopic lung resection (11,
12). However, the increased incidence of postoperative
pneumothorax and poor recruitment of the lungs are the main
issues caused by the NT strategy (13).
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Although several centers have conducted studies to explore
the effect of NT strategy for thoracoscopic pulmonary resection
in recent years, the safety and feasibility of not routinely placing
a chest tube after lung resection remain controversial. A meta-
analysis performed by Li et al. (14), including 6 retrospective and
3 prospective cohort studies, demonstrated that it was feasible
and safe to omit chest tube after VATS for carefully selected
patients. However, inappropriate inclusion criteria and relatively
small sample sizes may introduce considerable bias, thereby
reducing the reliability of the results. In addition, the
perioperative outcomes that they reported were not
comprehensive enough. To arrive at a more substantial
conclusion, we aimed to conduct a systematic review and
meta-analysis to determine the effect of NT strategy after
thoracoscopic pulmonary resection on perioperative outcomes.

Materials and methods

This systematic review and meta-analysis was reported in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) and the Meta-Analysis
of Observational Studies in Epidemiology (MOOSE) guidelines
and statement (15, 16). The protocol of this systematic review
and meta-analysis has been registered on the INPLASY website
(https://inplasy.com/inplasy-2022-4-0026); the registration
number is INPLASY202240026.

Databases and search strategy

The literature review was performed by relying on 3 online
databases: PubMed, Embase, and the Cochrane Library until 3
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January 2022. The Medical Subject Headings (MeSH)
considered in the search strategy were “pulmonary

» «

neoplasms,” “thoracoscopic,” and “chest tube,” free of charge
terms accessed in PubMed. Keywords and free words are used in
each valid combination of the 2 Boolean operators (“AND” and
“OR”). Search strategies for all databases are detailed in Table S1.
Articles were individually evaluated and cross-checked by 2
authors (RL and JQ). In addition, we manually scanned the
reference list of excluded publications to indicate any additional
viable non-duplicate studies. Any differences between the

reviewers are resolved through discussion.

Study selection and criteria

The selection criteria were as follows: 1) involved adult
patients who underwent selective thoracoscopic pulmonary
resection (wedge resection, segmentectomy, and lobectomy); 2)
involved a group that implemented NT strategy, including
prophylactic air-extraction catheter insertion procedure (PC)
or complete omission of chest tube drainage (OT); 3) involved a
routine chest tube drainage (RT) group as control; 4) reported at
least one of the relevant outcomes of interests (see below); 5)
written in English.

The criteria for exclusion were as follows: 1) ineligible article
types such as case reports, reviews, conference abstracts, non-
comparative studies; 2) no results of interest existed; 3) non-
human participants were included; 4) written in languages other
than English.

Endpoints and outcome measures

The primary outcome was postoperative LOS, which was
defined as the time from surgery to recovery and discharge.
Other related outcomes included operation duration,
postoperative complications (including pneumothorax, pleural
effusion, and subcutaneous emphysema), reintervention rates,
postoperative pain scores, and wound healing satisfaction.
Reintervention was defined as chest tube reinsertion
or thoracentesis.

Data collection

The 2 reviewers (RL and JQ) independently browsed eligible
studies and extracted the corresponding data to fill in predefined
forms. Any differences could be resolved by consensus. The
following data were extracted from each study: 1) publication
data: authors, published year, and country; 2) experimental data:
study design and period, surgical procedure, and NT strategy; 3)
demographic data: sample size, age, and gender; 4) outcome
data: postoperative LOS, operation duration, postoperative
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complications in detail, postoperative pain score, postoperative
reintervention rate, and wound healing satisfaction. We did not
contact the authors for any unpublished data.

Quality assessment

The quality of cohort studies was evaluated using the
Newcastle-Ottawa Quality Assessment Scale (NOS) (17). We
determined that studies with a score comparable to or higher
than 6 were applicable to further meta-analysis. The Cochrane
risk of bias tool was used to assess the quality of randomized
controlled trials (RCTs) (18). Due to the nature of the
interventions associated with the NT strategy, it is often not
feasible to blind patients and staff. Therefore, if a study does not
address blinding, a high risk of performance bias is assumed. The
quality of each study was independently appraised by two
investigators (RL and JQ). Any disagreement on quality
assessment should be resolved by consensus.

Statistical analysis

We calculated the risk ratio (RR) with 95% confidence
interval (CI) to summarize the effects of NT strategy on
dichotomous data. The standardized mean difference (SMD)
with 95% CI appeared as the suitable statistics to summarize the
mean values with standard deviations (SDs) for continuous
variables. If the SDs were not provided, we would not
incorporate the data in the quantitative synthesis because the
extrapolation of SDs was only applicable for studies with a large
sample size and normal distribution of outcomes due to the
guidelines of the Cochrane Collaboration (18).

The Cochrane Q test and I? statistics were used to quantify
the heterogeneity level. An I? greater than 50% is considered to
have considerable heterogeneity (19). A 2-sided P value <0.05
was defined as statistical significance. In our study, random-
effects models were applied to calculate pooled effect sizes in
order to decrease possible bias. Egger’s test was used to detect
any probable publication bias (20), and a significant publication
bias was identified if Egger’s P < 0.05.

A sensitivity analysis was performed to further examine the
stability of pooled estimates, in which the impact of each
study on the overall estimates could be detected by omitting
individual studies sequentially. In order to evaluate the effect
of NT strategy on postoperative recovery for different
surgical methods, a meta-analysis of postoperative LOS was
then performed on 2 subgroups: wedge resection and
segmentectomy or lobectomy.

All statistical analyses were conducted using the Review
Manager software (RevMan version 5.3; The Nordic Cochrane
Center, The Cochrane Collaboration, 2014) and Stata software
(version 14.2; StataCorp LLC, College Station, TX, USA).
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Results
Literature search

A flowchart outlining the search process was presented in
Figure 1. A total of 2,283 potential articles were identified,
including 732 PubMed citations, 1,333 Embase citations, and
218 Cochrane Library citations. In addition, manual searches of
the literature in the reference list also yielded 5 relevant studies.
After checking for duplicates and screening titles, abstracts, and
full text, a total of 12 articles were finally included in our meta-
analysis (21-32).

Characteristics of the included studies

Baseline characteristics of each eligible study were summarized
in Table 1, and the perioperative outcomes were presented in
Tables 2-4. This meta-analysis involved 9 retrospective cohort
studies (22-26, 28-30, 32), 1 prospective cohort study (27), and 2
RCTs (21, 31). The studies were conducted in 3 different countries
during the period from 1998 to 2020, and the sample size varied
from 50 to 333. A total of 1,381 patients eventually entered the
meta-analysis, of which 764 patients were finally assigned to the

10.3389/fonc.2022.915020

NT group and 615 patients to the RT group. Approximately half of
the participants were from China (n = 701; 50.8%), followed by 621
patients from Japan (45.0%) and 59 patients from the United States
(4.3%). In terms of surgical methods, 1,169 cases underwent wedge
pulmonary resection; the other 212 patients received

segmentectomy or lobectomy.

Quality assessment

The quality assessment of the included RCTs and cohort
studies was presented in Figure SI and Table S2, respectively.
The NOS scores of the 10 included cohort studies were all
greater than 6, suggesting that they were all of acceptable quality.
As for the other 2 included RCTs, all of them presented a high
risk of performance and detection bias due to the nature of the
interventions associated with the NT strategy. No other risk of

bias was found.

Postoperative length of stay

All of the 12 eligible studies investigated the effect of NT strategy
on the length of postoperative hospital stay. The meta-analysis

) Records identified through Additional records identified

c database searching through other sources (e.g.

S (Pubmed=732) reference)

§ (EMBASE=1,333) (n=5)
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]
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— abstract review
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FIGURE 1

PRISMA flow diagram of literature retrieval. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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TABLE 1 Baseline characteristics of the included studies.

10.3389/fonc.2022.915020

Study (year) Country  Study  Study No. of Patients  Age (years) Gender Surgical NT
Period  type (male ratio) Procedure Strategy
Total NT RT NT RT NT RT

Zhang et al., 2020 (31) China 2017-2018  RCT 84 40 44 537+ 544 + 15 16 Wedge resection PC
11.5 11.7 (37.5) (36.4)

Liu Z et al., 2020 (23)  China 2018-2019 RCS 110 55 55 44.8 + 451 + 23 24 Wedge resection oT
11.1 10.5 (41.8) (43.6)

Liu C et al,, 2020 (22)  China 2016-2019 RCS 135 122 13 47.8 + 46.3 + 65 12 Wedge resection OT
20.1 19.1 (55.3) (92.3)

Liao et al., 2019 (21) China 2016-2017  RCT 100 50 50 52.4 + 54.9 + 6 7 (14.0) Wedge resection oT
10.9 10.1 (12.0)

Zhang et al., 2018 (32) China 2015-2017  RCS 123 87 36 54 (28- 52 (16- 40 12 Wedge resection PC/OT
81) 82) (46.0) (33.3)

Murakami et al., 2017  Japan 2012-2014 RCS 162 102 60 69.4 + 713 + 49 39 Lobectomy; OT

(25) 10.6 9.9 (47.1) (65.0)  Segmentectomy

Lu et al., 2017 (24) China 2013-2015  RCS 89 44 45 54.1 + 57.0 + 21 21 Wedge resection oT
129 16.3 (47.7) (46.7)

Yang et al., 2016 (30) ~ China 2015-2016  RCS 60 30 30 555 + 59.4 + 23 23 Wedge resection oT
8.4 12.3 (76.7) (76.7)

Ueda et al,, 2013 (28)  Japan 2011-2012  RCS 50 29 21 71.7 £ 724 + 13 16 Lobectomy; OT
9.6 11.2 (44.8) (76.2)  segmentectomy

Nakashima et al,, 2011  Japan 2000-2009  RCS 333 132 201 56+15 5519 67 137 Wedge resection oT

(26) (50.8)  (68.2)

Watanabe et al.,, 2004  Japan 1998-2002 RCS 76 42 34 55+15 53+17 20 21 Wedge resection oT

(29) (47.6)  (61.8)

Russo et al., 1998 (27) USA 1995-1997 PCS 59 31 26 61 (24- 62 (26— 16 13 Wedge resection oT
82) 76) (485)  (50.0)

NT, no routine chest tube drainage; RT, routine chest tube drainage; PC, prophylactic air-extraction catheter insertion procedure; OT, complete omission of chest tube drainage; USA, The

United States of America; RCT, randomized controlled trial; RCS, retrospective cohort study; PCS, prospective cohort study; NR, not reported.

indicated that postoperative LOS was shorter in the NT group
(SMD = -0.91; 95% CI: -1.20 to -0.61; P < 0.001) with a considerable
heterogeneity (I = 83%; P < 0.001), as shown in Figure 2A. No
publication bias was found using Egger’s test (P = 0.196).

TABLE 2 Perioperative outcomes of the included studies.

Further subgroup analysis were performed to evaluate the

effect of NT strategy on postoperative recovery for different

surgical methods. According to the different surgical procedures,

the patients were divided into two subgroups: wedge resection

Study (year) Postoperative LOS  Operation duration  Reintervention Overall postoperative ~ Wound healing

(d) (min) (%) complications (%) satisfaction (%)
NT RT NT RT NT RT NT RT NT RT

Zhang et al., 2020 (31) 25+ 15  32+21  60(50-80) 60 (50-88) 0 1(23) NR NR 38 (95.0) 38 (86.4)

Liu Z et al, 2020 (23) 1505 25+08 5934106 528+114  1(18) 1(1.8) NR NR 54 (982) 51(92.7)
Liu C et al, 2020 (22) 22+09  41%27 542%195 538191  3(25) 0 NR NR NR NR

Liao et al,, 2019 (21) 12405 2609 590+158  737+266 2 (4.0) 0 NR NR 42 (84.0) 48 (96.0)
Zhang et al., 2018 (32) 31+15  48+29  746%239  665+275  4(46) 1(28) NR NR NR NR
Murakami et al, 2017 (25) 9.7 +3.8  129+78 NR NR 1(1.0) 2(33) 8(7.8) 16 (26.7) NR NR
Lu et al,, 2017 (24) 31£10 4109 NR NR NR NR 15 (34.1) 24 (53.3) NR NR

Yang et al., 2016 (30) 31407  44+13  720£213 791 +322 0 0 NR NR 27 (90.0) 22 (73.3)
Ueda et al,, 2013 (28) 133+155 125+66 1520+53.0 1980 +78.0 0 1(4.8) NR NR NR NR
Nakashima et al, 2011 (26) 4.6 £22 6.7 * 44 NR NR 430  3(15) 11 (83) 10 (5.0) NR NR
Watanabe et al, 2004 (29)  3.2+1.0 3.6+ 15 NR NR 2(48) 2(59) 4(9.5) 2(59) NR NR
Russo et al., 1998 (27) 20£10 3921 NR NR 0 0 NR NR NR NR

NT, no routine chest tube drainage; RT, routine chest tube drainage; LOS, length of stay; NR, not reported.
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TABLE 3 Detailed postoperative complications of the included studies.

Study (year) Pneumothorax (%) Pleural effusion (%) Subcutaneous emphysema Pneumonia (%) Arrhythmia (%)

(%)

NT RT NT RT NT RT NT RT NT RT
Zhang et al., 2020 (31) 4 (10.0) 4(9.1) 2 (5.0) 2 (4.5) 8 (20.0) 8 (18.2) 0 1(23) NR NR
Liu Z et al,, 2020 (23) 15 (27.3) 12 (21.8) 1(1.8) 1(1.8) 9 (16.4) 8 (14.6) NR NR 0 0
Liu C et al., 2020 (22) 35 (28.7) 0 16 (13.1) 0 17 (13.9) 0 NR NR NR NR
Liao et al,, 2019 (21) 18 (36.0) 5 (10.0) 4 (8.0) 3 (6.0) 11 (22.0) 6 (12.0) NR NR NR NR
Zhang et al., 2018 (32) 12 (13.8) 2 (5.6) 1(1.1) 0 NR NR 0 1(2.8) NR NR
Murakami et al., 2017 (25) NR NR NR NR NR NR 3(2.9) 5(8.3) 5(4.9) 4(6.7)
Lu et al,, 2017 (24) 0 0 NR NR 15 (34.1) 24 (53.3) NR NR NR NR
Yang et al., 2016 (30) 12 (40.0) 4 (13.3) 1(3.3) 0 2 (6.6) 0 NR NR NR NR
Ueda et al., 2013 (28) NR NR NR NR 0 1(4.8) NR NR NR NR
Nakashima et al, 2011 (26) 10 (7.6%) 8 (4.0) 1(0.8) 1(0.5) NR NR NR NR NR NR
Watanabe et al., 2004 (29) 4 (9.5) 2(5.9) 0 0 NR NR NR NR NR NR
Russo et al., 1998 (27) 5 (16.1) 7 (26.9) 0 0 NR NR NR NR NR NR

NT, no routine chest tube drainage; RT, routine chest tube drainage; NR, not reported.

group and segmentectomy or lobectomy group. As shown in
Figure 2B, the postoperative LOS of the NT group was shorter
than that of the RT group (SMD = -1.03; 95% CI: -1.36 to -0.71;
P < 0.001) in the subgroup of wedge resection, while the
postoperative LOS became comparable between the two
groups in the segmentectomy or lobectomy subgroup (SMD =
-0.30; 95% CI: -0.91 to 0.32; P = 0.34).

Postoperative complications

The detailed data on postoperative complications of the 12
eligible literatures were presented in Table 3. The meta-analysis

indicated that the risk of postoperative pneumothorax was
significantly higher in the NT group than that in the RT group
(RR = 1.75; 95% CI: 1.14-2.68; P = 0.01) with a relatively low
heterogeneity (I = 27%; P = 0.21), as shown in Figure 3A. No
publication bias was found using Egger’s test (P = 0.450).

In contrast, there was no statistically significant difference in
terms of the risks of postoperative pleural effusion (RR = 1.48;
95% CI: 0.62-3.50; P = 0.37; 12> = 0%) and subcutaneous
emphysema (RR = 1.04; 95% CI: 0.65-1.65; P = 0.88; P =
25%) between the NT and RT groups with a slight heterogeneity,
as shown in Figures 3B, C, respectively. No publication bias was
found using Egger’s test (P = 0.335 for pleural eftusion; P = 0.215
for subcutaneous emphysema).

TABLE 4 Postoperative pain score of the included studies.

Study (year) POD 1 POD 2 POD 3 POD 7 Pain scale
NT RT NT RT NT RT NT RT
Zhang et al,, 2020 (31) 1.6 0.7 24+12 NR NR NR NR NR NR NRS
Liu Z et al,, 2020 (23) 1.0+0.7 3.0+09 NR NR 05+ 05 11+15 04+04 07 +04 VAS
Liu C et al, 2020 (22) NR NR NR NR NR NR NR NR NR
Liao et al,, 2019 (21) 09 +0.7 13+09 05+06 09+16 NR NR NR NR VAS
Zhang et al,, 2018 (32) 23409 34+ 1.1 NR NR NR NR NR NR NRS
Murakami et al., 2017 (25) NR NR NR NR NR NR NR NR NR
Lu et al,, 2017 (24) NR NR NR NR NR NR NR NR NR
Yang et al., 2016 (30) 1.0+ 038 15+ 1.1 0.6 +0.5 0905 NR NR NR NR VAS
Ueda et al., 2013 (28) NR NR NR NR NR NR NR NR NR
Nakashima et al., 2011 (26) NR NR NR NR NR NR NR NR NR
Watanabe et al., 2004 (29) 156 +042  171+053 140040 151 +043 117043 125+037 056+031  0.60 % 0.37 VAS
Russo et al., 1998 (27) NR NR NR NR NR NR NR NR NR

NT, no routine chest tube drainage; RT, routine chest tube drainage; POD, postoperative day; VAS, visual analog scale; NRS, Numeric Rating Scale; NR, not reported.
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Liu C etal. 2020 219 093 122 408 269 13  7.3% 7,-096] T
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Murakami et al. 2017 97 38 102 129 78 60 92%  -0.57[-0.89,-0.24] —_—
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FIGURE 2
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Meta-analysis and subgroup analysis of postoperative length of stay (LOS) between the NT and RT groups. (A) Meta-analysis of postoperative
LOS; (B) Subgroup analysis of postoperative LOS. NT, no routine chest tube drainage; RT, routine chest tube drainage; Cl, confidence interval

Reintervention

A total of 11 included studies reported the incidence of
postoperative reintervention for patients (21-23, 25-32). The
results of the meta-analysis indicated that there was no
significant difference in the postoperative reintervention rate
between the NT group and the RT group (RR = 1.04; 95% CI:
0.48-2.25; P = 0.92) without heterogeneity (I? = 0%; P = 0.82)
(Figure 4). No publication bias was found using Egger’s test
(P = 0.241).

Postoperative pain score

The detailed data on postoperative pain score were presented
in Table 4. As shown in Figures 5A-C, patients in the NT group
experienced a lower pain score on POD 1 (SMD = -0.95; 95%
CI: -1.54 to -0.36; P = 0.002), POD 2 (SMD = -0.37; 95% CI: -
0.63 to -0.11; P = 0.005), and POD 3 (SMD = -0.39; 95% CI: -0.71
to -0.06; P = 0.02) compared with the RT group. However, the
meta-analysis indicated that the pain scores of patients on POD
7 became comparable between the two groups (SMD = -0.44;
95% CI, -1.06 to 0.17; P = 0.16) (Figure 5D).

Frontiers in Oncology

Operation duration

As shown in Table 2, seven studies mentioned the duration
of surgery, of which 6 studies present the data as mean + SD (21-
23, 28, 30-32). The results suggested that there was no statistical
difference between the NT group and the RT group in terms of
operative duration (SMD = -0.10; 95% CI: -0.55 to 0.35; P = 0.66)
with a considerable heterogeneity (I> = 83%; P < 0.01) (Figure 6).
No publication bias was found using Egger’s test (P = 0.351).

Wound healing satisfaction

As demonstrated in Figure 7, there was no statistically
significant difference in the wound healing satisfaction
between the NT and RT groups (RR = 1.04; 95% CI: 0.92-
1.17; P = 0.52) with high heterogeneity (I* = 67%; P = 0.03).

Sensitivity analysis

We performed the sensitivity analysis by omitting individual
studies sequentially. None of the summary RRs based on the
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Heterogeneity: Tau? = 0.11; Chi? = 10.92, df = 8 (P = 0.21); I = 27%
Test for overall effect: Z = 2.55 (P = 0.01)
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NT RT
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Meta-analysis of postoperative complications between the NT and RT groups. (A) Pneumothorax; (B) Pleural effusion; (C) Subcutaneous
emphysema. NT, no routine chest tube drainage; RT, routine chest tube drainage; Cl, confidence interval.

remaining studies in each component analysis exceeded the
estimated range, as shown in Figure S2. Nor was there any
substantial change between the adjusted pooled estimates and
the major aggregate estimates. The robustness of our meta-
analysis was thus confirmed.

NT RT

T I Even | Event | Weigh
Liao et al. 2019 2 50 0 50 6.5%
Liu C et al. 2020 3 122 0 13 7.0%
Liu Z etal. 2020 1 55 1 55 7.9%
Murakami et al. 2017 1 102 2 60 10.5%
Nakashima et al. 2011 4 132 3 201 27.1%
Russo et al. 1998 0 31 0 26
Ueda et al. 2013 0 29 1 21 6.0%
Watanabe et al. 2004 2 42 2 34 16.3%
Yang et al. 2016 0 30 0 30
Zhang et al. 2018 4 87 1 36 12.8%
Zhang et al. 2020 0 40 1 44 59%
Total (95% CI) 720 570 100.0%

Total events 17
Heterogeneity: Tau? = 0.00; Chi? = 4.42, df = 8 (P = 0.82); I = 0%
Test for overall effect: Z=0.10 (P = 0.92)

FIGURE 4

Meta-analysis of reintervention rate between the NT and RT groups. NT, no routine chest tube drainage; RT, routine chest tube drainage;

confidence interval
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Discussion

The placement of routine chest tube drainage after

thoracoscopic pulmonary resection has already been the gold

standard approach to prevent postoperative pneumothorax and
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pleural effusion (33). In recent years, an increasing number of
thoracic surgeons, in order to realize the concept of ERAS, have
attempted to not routinely place chest tube drainage and instead
use the method of prophylactic air-extraction catheter insertion
procedure or complete omission of chest tube drainage (21, 32).
However, the safety and feasibility of not routinely placing a
chest tube after lung resection remain controversial. To date, no
meta-analysis has been conducted to comprehensively compare
the perioperative outcomes between with and without routine
chest tube drainage after video-assisted thoracoscopic
pulmonary resection. Therefore, we performed a systematic
review and meta-analysis including 12 comparative studies on

Cl, confidence interval.

this subject to further identify the safety and feasibility of the
NT strategy.

In this study, we found that the no routine placement of
chest tube drainage after thoracoscopic lung resection can
significantly shorten the postoperative hospital stay (SMD =
-0.91; 95% CI: -1.20 to -0.61; P < 0.001). However, the meta-
analysis of postoperative LOS showed a relatively high
heterogeneity (I> = 83%; P < 0.001), which might derive from
the different surgical approaches (wedge resection,
segmentectomy, and lobectomy) and medical insurance of
regions and countries. For example, the healthcare system in
Japan allows patients to stay in the hospital for a relatively long
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period of time, even if they have already met discharge criteria
(34). It is worth mentioning that the difference of postoperative
LOS became statistically insignificant in the lobectomy or
segmentectomy subgroup (SMD = -0.30; 95% CI: -0.91 to 0.32;
P = 0.34). However, this might be caused by too few (only two)
studies in this subgroup, and the effectiveness of NT strategy for
lobectomy or segmentectomy warrants further exploration in
future studies.

The main concerns caused by omitting routine placement of
chest tube drainage after pulmonary resection are the risks of
pneumothorax, bleeding, pleural eftusion, and subcutaneous
emphysema (8, 35). In terms of postoperative complications,
we did not perform a pooled analysis of the overall incidence of
complications because of the small number of studies reporting
it. Instead, we performed a meta-analysis of more detailed
complications. The results of the meta-analysis indicated that
the incidence of pneumothorax was significantly increased in the
NT group (RR = 1.75; 95% CI: 1.14-2.68; P = 0.01). However,
there was no significant difference between the two groups in the
incidence of pleural effusion (RR = 1.48; 95% CI: 0.62-3.50; P =
0.37) and subcutaneous emphysema (RR = 1.04; 95% CI: 0.65-
1.65; P = 0.88). Notably, the reintervention rates of the NT group
did not significantly increase (RR = 1.04; 95% CI: 0.48-2.25; P =
0.92), suggesting that the vast majority of pneumothorax could
be self-absorbed safely without chest tube reinsertion
or thoracocentesis.

The traditional drainage tube is often reported as one of the
main reasons of postoperative pain and might interfere with
postoperative activity, which could prevent patients from
functional rehabilitation and thus prolong the duration of
hospitalization (21, 36). In this study, we found that the pain
scores on POD 1 (SMD = -0.95; 95% CI: -1.54 to -0.36; P =
0.002), POD 2 (SMD = -0.37; 95% CI: -0.63 to -0.11; P = 0.005),
and POD 3 (SMD = -0.39; 95% CI: -0.71 to -0.06; P = 0.02) were
significantly decreased without routine chest tube placement.
However, the pain scores became comparable between the two
groups on POD 7 (SMD = -0.44; 95% CI: -1.06 to 0.17; P = 0.16),
indicating that the chest tube is one of the major sources of
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postoperative pain. Enhanced postoperative pain would prevent
patients from effective coughing and thus deteriorate the
ventilation capacity. A study performed by Ueda et al. (37) in
2019 showed that the omission of chest tube drainage could
reduce the pain and preserve the ventilatory capacity and
exercise capacity in the early postoperative period for patients
undergoing thoracoscopic pulmonary resection. In addition,
there was no significant different in wound healing satisfaction
postoperatively between the two groups (RR = 1.04; 95% CIL:
0.92-1.17; P = 0.52), which might be attributed to the benefits of
minimally invasive technology such as video-assisted
thoracoscopic surgery.

To ensure the security of the NT strategy, patients should
undergo rigorous air tightness tests before being assigned to the
NT group. Water-seal air tightness test and suction-induced air
leakage test are relatively common methods to test air leaks
during the operation and were applied in majority of the studies.
If no air leaks were observed in the air tightness tests, then the
patients would be assigned to the NT group. Liu Z et al. (23) have
reported a modified air leak test in 2020. The water-seal test was
first used at the end of the operation, and then patients were
changed to reverse Trendelenburg position with 30° with a chest
tube placed at the posterior one-third position of the incision to
further test for existence of air leaks. They suggested that
complete air drainage is more easily achieved by a chest tube
in this position (23). In recent years, a digital drainage system
(DDS) has also been used for air tightness tests. A single chest
tube was placed through the incision into the pleural cavity
before closing the incision and was connected to a DDS. If the
DDS indicated 0 ml/min airflow before completion of the wound
closure, the chest tube would be removed immediately (22, 38).
A study performed by Russo et al. (27) in 1998 used an early
removal of chest tube approach. Patients assigned to the NT
group had their chest tubes removed within 90 min
postoperatively in the recovery room (27). Although this
approach was not a strict NT strategy, we still included this
study in our analysis because traditional chest tube management
tends to keep the chest tube inserted for at least 24 h. Some
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argued that the operation duration may be extended due to the
implementation of the air tightness tests (23, 32). However, our
meta-analysis suggested that the operation duration was
comparable between the two groups (SMD = -0.10; 95% CI:
-0.55 to 0.35; P = 0.66).

At present, the NT strategy mainly includes two methods:
prophylactic air-extraction catheter insertion procedure and
complete omission of chest tube drainage. Prophylactic air-
extraction catheter insertion procedure was first reported by
Zhang et al. (32) in 2018. In this procedure, a two-lumen central
venous catheter (20 cm, 7 Fr) was inserted into the second
intercostal space before directly closing the incision. The air
extraction was performed using an injector through the preset
catheter if the chest roentgenogram revealed a pneumothorax on
POD 1. A recent randomized clinical trial performed by Zhang
et al. (31) in 2020 has demonstrated that the prophylactic air-
extraction catheter insertion was a safe procedure that could
reduce pain and facilitate patients’ recovery after pulmonary
wedge resection. However, which of the two methods is better
has not been discussed. We originally intended to conduct a
subgroup analysis to explore this issue, but due to the insufficient
data on prophylactic air-extraction catheter procedure, our idea
was not implemented, which could be considered in a future
meta-analysis.

It is noteworthy that the selection criteria for patients who
do not routinely place chest tubes after video-assisted
thoracoscopic pulmonary resection are relatively strict.
Important factors that should be considered when selecting
patients are the following: 1) absence of air leaks during the
intraoperative air tightness tests, 2) absence of dense pleural
adhesion, 3) absence of a history of previous ipsilateral thoracic
surgery, 4) absence of moderate-to-severe obstructive or
restrictive pulmonary diseases.

This study has several limitations that should be considered.
First, the majority of the included studies were single-center
retrospective cohort studies, and only 2 RCTs were included.
Some biases common to cohort studies are unavoidable, such as
cohort selection bias, which might have reduced the reliability of
the results. Second, different surgical approaches and different
pain rating scales were included in this meta-analysis, which
inevitably increase the clinical heterogeneity. In addition,
prophylactic air-extraction catheter insertion procedure and
complete omission of chest tube drainage were both included
in the NT group, possibly leading to heterogeneity of the results.
Third, although 12 studies were included for analysis, not all
studies reported the outcomes we were interested in and we just
used the available data to analyze in each comparison. In
addition, we did not perform subgroup analyses for outcomes
other than postoperative LOS due to the limited data reported.
Fourth, all of the studies included had their own criteria to select
patients into the NT groups; this might lead to different baseline
characteristics of the two groups and a high clinical
heterogeneity. Finally, a certain language-based bias might
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have arisen due to the requirement of full-text English
language literature.

Conclusion

This systematic review and meta-analysis is the most up-to-
date and comprehensive review of the literature on the NT
strategy after video-assisted thoracoscopic pulmonary resection.
The NT strategy could not only significantly shorten the
postoperative LOS but also reduce short-term postoperative
pain for patients without increasing the reintervention rate,
suggesting that it is safe and feasible for selected patients
scheduled for video-assisted thoracoscopic pulmonary resection.
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The role of postoperative
radiotherapy in patients with
uterine sarcomas: A PSM-IPTW
analysis based on SEER database
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China, ?School of Medicine, Ningbo University, Ningbo, China

Objective: The optimal adjuvant therapy for uterine sarcomas remains poorly
determined due to its rarity and histological diversity. The purpose of the
study is to explore and characterize the association between utilization of
radiotherapy and survival outcome in patients with surgically resected
uterine sarcomas.

Methods: We collected data regarding uterine sarcomas which were
confirmed after total hysterectomy between 2010 and 2018 period from the
latest version of the Surveillance, Epidemiology, and End Results (SEER)
database. Initially, 1-, 3- and 5-year survival rate were calculated to predict
potential risk factors and possible role of adjuvant chemotherapy and
radiotherapy. Propensity score matching (PSM) and inverse probability
treatment weighting (IPTW) technique were employed to balance
confounding factors in the utilization of additional therapy. Multivariate and
exploratory subgroup analyses were respectively conducted to evaluate the
impact of adjuvant therapy on overall survival (OS) and cause-specific
survival (CSS).

Results: A total of 2897 patients were enrolled in the analysis. Survival benefit at
1-, 3-and 5-year after initial treatment was observed in the group of
radiotherapy given, however, poorer prognosis in the group of
chemotherapy administration. Accordingly, chemotherapy was enrolled as a
confounding factor when stratifying and matching patients by receipt of
radiotherapy. Prior to and after PSM-IPTW adjustment, radiotherapy both
demonstrated beneficial effect on OS and CSS based on multivariate
analysis. Further subgroup analysis indicated radiotherapy improved OS and
CSS among a subset of patients in stage II-1V, particularly with uterine
leiomyosarcoma, tumor grade |V, bigger tumor size than 100 mm and even
with chemotherapy administration.

Conclusions: Adjuvant radiotherapy in uterine sarcomas after hysterectomy
might be underutilized, and proper use of adjuvant radiotherapy combined
with chemotherapy after surgery in advanced-stage and high-risk patients
might improve survival.

KEYWORDS

uterine sarcomas, PSM, IPTW, leiomyosarcoma, radiotherapy, chemotherapy methods
study population
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Introduction

Uterine sarcomas (US) are a heterogeneous and rare group
of neoplasms, accounting for approximately 1% of female
and 3%-7% of all
neoplasms (1). The most represented histological subtype of
(LMS), followed
sarcoma (ESS),
adenosarcoma and undifferentiated uterine sarcoma (USS) (2).

genital tract malignancies uterine

uterine sarcomas is leiomyosarcoma

subsequently by endometrial stromal
Low-grade ESS and high-grade ESS represents approximately
86% and 14%, respectively, of all endometrial stromal
sarcomas as described in a relatively large study regarding
uterine mesenchymal tumors (3). Uterine carcinosarcoma has
been excluded from US division, instead, as a subtype of
high-grade endometrial carcinoma (4).

Total hysterectomy remains the standard surgery mode for
newly diagnosed early-stage uterine sarcomas, often in
combination with bilateral salpingo- oophorectomy, and
generous tumor debulking if present outside the uterus (5).
Although lymphadenectomy may confer more accurate
staging, it was not related to a clear survival benefit in
patients with uterine sarcomas (6). It's worth noting that the
uncontained  power morcellation during laparoscopic
hysterectomy or myomectomy has become as a popular
surgical modality for tissue extraction within past decades. In
recent years, where several cases of abdominopelvic dispersion
developing from electrical morcellation of unexpected uterine
sarcomas were reported in term of severely negative
repercussions (7), clinicians paid more attention to its impact
on US patients’ outcomes and survival. It was commonly
recognized that women whose malignant tumor tissue was
unintended morcellated at time of hysterectomy or
myomectomy posed a higher risk of distant recurrence as
compared to local recurrence presumed to be attributed to
intra-abdominal seeding or lymphvascular spread of small
volume specimen at time of en bloc hysterectomy (8). Even in
the setting of localized disease, the 5-year survival rate for US
is 50%-75%. Prognosis of those in advanced stage disease is
poorer, with the 5-year survival probability of approximately
30%-45% (9). The high rate of recurrence and poor
prognosis, particularly for LMS (10) and high grade ESS (3,
11), provides the rationale for evaluation of adjuvant therapy
to improve prognosis. Given its rarity and histological
diversity, it is difficult to reach consensus concerning the best
route of adjuvant radiotherapy or chemotherapy through
trials ~ (12). large-database

retrospective analysis utilizing the tools currently available,

prospective  clinical Hence,
such as SEER, can still help tailor clinical practice and inform
investigation of future treatments.

Moreover, individual differences in patients’ response to
adjuvant therapy are of key interest in clinical practice. In
light of this, some important clinical parameters, such as

age, race, tumor grade and size, are usually considered when
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predicting survival outcomes. For instance, black women
experienced a higher risk of uterine sarcoma than those
white females, as well as women aged over 50 years posed a
higher risk of sarcoma (13). Accordingly, balancing the
potential confounding factors is necessary to improve the
accuracy of survival prediction among women with uterine
sarcomas.

The purpose of the current study is to comprehensively
explore and characterize the association between utilization of
radiotherapy and survival outcome in patients with surgically
resected uterine sarcomas. Besides, we evaluate other variables
for their prognostic significance in uterine sarcomas.

Methods
Study population

We conducted a retrospective analysis for patients with
uterine sarcomas between 2010 and 2018. The Surveillance,
Epidemiology and End Results (SEER) database (SEER*Stat
8.3.9.2), which contains data of cancer patients from 18
regional registries (https://seer.cancer.gov/seerstat/), was
employed for the analysis. Uterine sarcomas were confirmed
by histology of hysterectomy specimen and based on the
WHO International Classification of Diseases for Oncology,
third edition (ICD-O-3) morphology codes as follows:
NOS, 8891-

epithelioid leiomyosarcoma, 8896-myxoid leiomyosarcoma;

Leiomyosarcoma: ~ 8890-leiomyosarcoma,

Endometrial stromal sarcoma: 8930-endometrial stromal
sarcoma, 8931-endometrial stromal sarcoma, low-grade;
8935-Stromal NOS;
sarcoma: 8805; Adenosarcoma: 8933. Based on site-specific

sarcoma, Undifferentiated uterine
surgery codes, women who underwent total hysterectomy
with bilateral salpingoopherectomy were
selected, those with modified
hysterectomy. We excluded those cases with the surgery
subtotal
hysterectomy; surgery NOS” given the fact that we could

or without

including or radical

code “local tumor excision or destruction;
not identify the scope of the surgical procedure performed.
Since all data included in the SEER database is publicly
available online, this study does not require Institutional
Review Board approval, or informed consent by the study
subjects. While, we obtained permission to access the SEER
program data from the US National Cancer Institute
(reference number: 22756-Nov2020).

Those cases with more than one malignancy or secondary
tumor, missing information on age, stage, unknown survival
period or not hysterectomy performed were excluded from
the analysis. A landmark survival time of 3 months was
applied in order to account for immortal time bias. These
procedures were demonstrated as detailed in the diagram

Figure 1.
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Uterine sarcomas diagnosed between 2010 and 2018
Histology: Leiomyosarcoma, Endometrial stromal
sarcoma.; Adenosarcoma; Undifferentiated uterine

sarcoma. (N=4579)

~\

7
((l Not histologically conﬁrmed\
2) Unknown AJCC stage

2897 cases of uterine
sarcomas enrolled

S

)
2)
» | (3) Follow-up < 3 months
(4) No hysterectomy performed
(5) Not primary tumor
\(6) More than one malignancy y

Hysterectomy without
radiotherapy (N=2484)

Hysterectomy with
radiotherapy (N=413)

\/

PSM, IPTW-adjusted
survival analysis and
subgroup analysis

FIGURE 1
Eligibility, inclusion, and exclusion criteria of the study population.

Variable record and cohort definition

Demographic information of the patients encompassed age
(<50, 50-60, >60), year of diagnosis (2010-2012, 2013-2015,
2016-2018),
widowed),

marital status (married, single, divorced,

race (white, black, others), urban or rural area

patients lived and median household income. Tumor
characteristics included stage (I, II, III and IV),
(grade I, well differentiated; 11,
differentiated; grade III, poorly differentiated; grade IV,
undifferentiated; unknown grade), size (<50 mm,
50-100 mm, >100 mm, cytology

(negative, positive or unknown). Treatment data involved

grade
grade moderately
tumor
unknown), peritoneal
lymphadenectomy (yes, none or unknown), months from

diagnosis to treatment, radiotherapy (external beam,
brachytherapy, combined of both or none) and chemotherapy
(yes, none or unknown).

The primary endpoints were 1-, 3-and 5-year overall
survival (OS), as well as the corresponding cause specific

survival (CSS). The definition of OS was the time from
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confirmed diagnosis to death for any cause or to date of last
follow-up, and CSS was defined as the interval from final
diagnosis to death due to uterine sarcomas. Data from

patients alive at the last visit were censored.

Statistical analysis

Categorical variables are shown as frequency and
continuous variables are described as median (interquartile
range [IQR]). Baseline patient characteristics were compared
both pre- and post-matching with Chi-square test analysis,
where the statistical significance in proportions’ differences
with P value <0.05 was identified unbalanced. To investigate
impact of radiotherapy on survival in US patients, multiple
imputations by chained equations were conducted to reduce
potential bias resulted from missing data. First, we used a
by
to maximally

propensity score adjustment
(IPTW)

radiotherapy

inverse probability of
the
radiotherapy

treatment-weighting reduce

differences between and no
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TABLE 1 The 1-, 3- and 5-year cause-specific survival and overall survival in terms of uterine sarcoma patients.

Cause-specific survival (%)

10.3389/fsurg.2022.985654

Overall survival(%)

Characteristics Num 1-year 3-year 5-year 1-year 3-year 5-year
Total 2897 56.89 39.63 24.54 55.02 38.69 24.23
Age (years)

<50 1003 69.19 49.05 31.31 68.10 48.55 31.11
50-60 1026 65.52 45.81 28.57 63.79 45.20 28.33
>60 868 48.62 32.72 19.01 45.28 30.76 18.43
Race
Black 501 49.70 32.93 21.36 47.70 32.33 21.16
Others 327 62.69 42.51 25.38 61.16 42.51 25.38
White 2069 57.71 42.73 25.18 55.82 39.63 24.79
Marital status
Married 1515 59.41 40.79 25.48 57.69 40.01 25.35
Divorced/separated 320 60.63 42.81 25.63 57.81 41.25 25.00
Single/unmarried 712 51.97 36.24 22.47 50.70 35.53 22.19
Unknown 151 56.95 42.38 28.48 55.63 42.38 28.48
Widowed 199 49.25 35.68 20.10 4523 32.66 18.59
Median income
<$50,000 339 56.64 39.82 26.84 53.39 38.05 25.66
$50,000-$65,000 998 54.61 43.29 29.16 52.71 42.28 28.76
>$65,000 1560 58.40 37.24 21.09 56.86 36.54 21.03
Year of diagnosis
2010-2012 915 50.16 48.42 46.33 47.43 46.67 45.57
2013-2015 980 55.82 52.04 29.29 53.37 51.02 29.08
2016-2018 1002 64.07 19.36 N/A 63.57 19.36 N/A
Tumor grade
I 544 88.05 62.87 39.55 86.58 61.76 38.97
1I 223 79.37 65.47 43.95 78.03 65.02 43.50
1T 389 40.87 22.62 13.37 37.79 21.33 13.11
v 696 37.36 28.30 17.39 35.49 27.87 17.39
Unknown 1045 54.83 35.89 21.53 53.11 34.74 21.15
Histology
Adenosarcoma 404 73.02 51.24 30.94 70.30 49.51 30.45
ESS 862 70.42 51.28 3248 68.91 50.46 32.13
LMS 1582 45.76 30.66 18.77 44.06 29.9 18.52
Uus 49 44.90 28.57 18.37 38.78 24.49 18.37
AJCC stage
I 1841 70.45 49.43 30.58 68.39 48.18 30.15
1I 274 52.55 40.51 26.28 51.09 39.78 2591
1T 243 36.21 20.99 14.81 32.92 20.99 14.81
v 539 23.01 14.10 7.42 21.33 13.73 7.42
Distant metastasis
Lung 310 19.35 10.97 5.48 17.74 10.65 5.48
Liver 56 21.43 14.29 3.57 17.86 14.29 3.57
Bone 49 14.29 8.16 2.04 14.29 8.16 2.04
Brain 7 0 0 0 0 0 0
Lymphadenectomy
Yes 1000 58.10 42.70 28.80 56.20 41.90 28.60
None/unknown 1897 56.25 38.01 22.30 54.40 37.01 21.93
(continued)
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TABLE 1 Continued

Cause-specific survival (%)

10.3389/fsurg.2022.985654

Overall survival(%)

Characteristics Num 1-year 3-year 5-year 1-year 3-year 5-year
Peritoneal cytology
Negative 1095 59.54 42.37 27.12 57.17 41.19 26.76
Positive 114 27.19 21.05 13.16 23.68 18.42 13.16
Unknown 1688 57.17 39.10 23.64 55.75 38.45 23.34
Tumor size(mm)
<50 475 78.53 56.00 34.95 76.00 54.74 34.32
50-100 1018 61.59 42.34 25.05 59.73 41.26 24.75
>100 1054 39.56 26.28 15.37 37.76 25.62 15.18
Unknown 350 66.00 49.71 36.57 64.86 48.86 36.29
Chemotherapy
Yes 1166 35.93 23.41 12.86 33.88 22.56 12.78
None/unknown 1731 71.00 50.51 32.41 69.27 49.57 31.95
Radiotherapy
None/unknown 2484 57.76 39.39 24.00 55.95 38.50 23.71
Beam 301 47.18 37.54 24.58 45.52 36.54 24.58
Brachytherapy 45 60.00 44.44 28.89 55.56 4222 26.67
Combination 67 66.67 55.56 42.86 63.49 53.97 41.27

EES, endometrial stromal sarcoma; LMS, leiomyosarcoma; UUS, undifferentiated uterine sarcoma.

administration, as previously described (14, 15). Specifically, the
propensity score was calculated using a logistic regression model
based on the abovementioned characteristics. Stratified by
radiotherapy administrated or not, propensity score matching
(PSM) method (16) was employed through the nearest
neighbor-matching with caliper value 0.4 for 1:4 matching.
Afterwards, IPTW was calculated as 1/PS in the group of
radiotherapy given, whereas 1/(1-PS) in the cohort without
radiotherapy administered (17). Stabilization of the IPTW was
performed by multiplying the standard IPTW by the
probability of undergoing treatment that each patient received
(18). Prior to and after IPTW-adjustment, univariate analysis
(UVA) of patient characteristics effect on CSS and OS was
conducted using the Kaplan-Meier (KM) method, with the
log-rank method for evaluation for significance. Multivariable
analysis (MVA) was performed through Cox proportional
hazards regression model. Covariates enrolled in the MVA
model were selected if they were significant in the UVA
model. Next, we conducted exploratory subgroup analyses and
evaluated heterogeneity as the subgroups are presumed to
have been subjected to similar conditions (19). Quantification
of heterogeneity was evaluated with the I* statistic and the
Cochran Q test (20). Random-effects models were used when
study heterogeneity was high (I*>50%) and fixed-effects
models were employed whereas heterogeneity was low (I <
50%) (21). IPTW-adjusted Kaplan-Meier
illustrated CSS rates based on radiotherapy administration or

Finally, plots

not in some selected subgroups. Statistical analyses were
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executed with SPSS (version 22.0, SPSS, Chicago, IL, USA), R
software  (version 3.6.3; http:/www.r-project.org/) and
STATA-MP (version 17.0, College Station, TX, USA), with
two-sided P < 0.05 considered statistically significant.

Results

Descriptive characteristics of the study
population and survival outcome among
all subgroups

According to the set criteria, a total of 2897 patients, who
were diagnosed as uterine sarcomas as the primary malignancy
and underwent total hysterectomy, were extracted during 2010
and 2018 period. The cohort comprised 1582 leiomyosarcomas,
862 endometrial stromal sarcomas, 404 adenosarcomas and 49
undifferentiated uterine sarcomas. 63.55% (1841/2897) of cases
were present in stage I, of note, nearly 87% of uterine
adenosarcoma presented with stage I disease. The median age
at initial diagnosis in the whole cohort was 54 year old
[interquartile range (IQR): 47-62 years old]. The median
follow-up period was 33 months [interquartile range (IQR): 15-
63 months]. The 1-, 3-year and 5-year CSS rates were 56.89%,
39.63% and 24.54% for the whole cohort, respectively.
Meanwhile, the corresponding OS rates were 55.02%, and
38.69%
diagnosed between 2016 and 2018, 5-year CSS and rates were

and 24.23%, respectively. However, for patients
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TABLE 2 Baseline characteristics in uterine sarcomas before and after IPTW-adjustment according to RT.

10.3389/fsurg.2022.985654

Characteristics Unadjusted (n =2897) IPTW-adjusted (n = 2886)
Surgery-RT(n, %) Surgery + RT(n, %) P-value Surgery-RT Surgry + RT P-value
Age (years) 0.004* 0.417
<50 886(35.67) 117(28.33) 34.52% 31.29%
50-60 878(35.35) 148(35.84) 35.47% 36.58%
>60 720(28.99) 148(35.84) 30.01% 32.13%
Year of diagnosis 0.000* 0.543
2010-2012 748(30.11) 167(40.44) 31.66% 32.55%
2013-2015 841(33.86) 139(33.66) 33.82% 35.66%
2016-2018 895(36.03) 107(25.91) 34.52% 31.80%
Marital status 0.080 0.945
Married 1297(52.21) 218(52.78) 52.33% 52.68%
Single/unmarried 622(25.04) 90(21.79) 24.55% 24.30%
Divorced/separated 270(10.87) 50(12.11) 11.01% 11.54%
Unknown 135(5.43) 16(3.87) 5.20% 4.21%
Widowed 160(6.44) 39(9.44) 6.91% 7.26%
Race 0.519 0.716
Black 428(17.23) 73(17.68) 17.30% 17.07%
Others 274(11.03) 53(12.83) 11.35% 12.76%
White 1782(71.74) 287(69.49) 71.35% 70.17%
Tumor differentiation 0.000* 0.915
I 508(20.45) 36(8.72) 18.74% 16.93%
11 197(7.93) 26(6.30) 7.70% 7.79%
111 323(13.00) 66(15.98) 13.39% 12.98%
v 538(21.66) 158(38.26) 24.11% 25.42%
Unknown 918(36.96) 127(30.75) 36.06% 36.88%
Histology 0.032 0.648
Adenosarcoma 344(13.85) 60(14.53) 13.81% 12.14%
ESS 746(30.03) 116(28.09) 29.79% 27.98%
LMS 1359(54.71) 223(54.00) 54.69% 58.02%
Uus 35(1.41) 14(3.39) 1.72% 1.86%
AJCC Stage 0.000* 0.129
I 1632(65.70) 209(50.61) 63.35% 57.24%
I 201(8.09) 73(17.68) 9.60% 10.42%
111 205(8.25) 38(9.20) 8.36% 10.05%
v 446(17.95) 93(22.52) 18.69% 22.29%
Lymphadenectomy 0.000* 0.767
Yes 819(32.97) 181(43.83) 34.61% 35.42%
None/unknown 1665(67.03) 232(56.17) 65.39% 64.58%
Peritoneal Cytology 0.004* 0913
Negative 911(36.67) 184(44.55) 37.74% 38.05%
Positive 95(3.82) 19(4.60) 3.94% 3.55%
Unknown 1478(59.50) 210(50.85) 58.32% 58.40%
Tumor size (mm) 0.069 0.378
50-100 862(34.70) 156(37.77) 35.21% 35.85%
<50 420(16.91) 55(13.32) 16.34% 13.45%
>100 892(35.91) 162(39.23) 36.42% 39.63%
(continued)
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TABLE 2 Continued

10.3389/fsurg.2022.985654

Characteristics Unadjusted (n =2897) IPTW-adjusted (n = 2886)
Surgery-RT(n, %) Surgery + RT(n, %) P-value Surgery-RT Surgry + RT P-value

Unknown 310(12.48) 40(9.69) 12.03% 11.06%

Chemotherapy 0.000* 0.170
Yes 937(37.72) 229(55.45) 40.46% 44.28%
No 1547(62.28) 184(44.55) 59.54% 55.72%

Radiotherapy
Yes
No

Median income 0.178 0.910
$50,000-$65,000 847(34.10) 151(36.56) 34.47% 34.97%
<$50,000 283(11.39) 56(13.56) 11.72% 12.21%
>$60,000 1354(54.51) 206(49.88) 53.81% 52.82%

Rural-urban 0.393 0.643
Rural 209(8.41) 40(9.69) 8.64% 9.48%
Urabn 2275(91.59) 373(90.31) 91.36% 90.52%

Months from DX to treatment 0.003* 0.979
<1 1886(75.93) 285(69.01) 74.93% 75.00%
>1 598(24.07) 128(30.99) 25.07% 25.00%

Others *American Indian/Alaskan Native, Asian/Pacific Islander; P value with two asterisks indicates significantly statistical difference. DX, diagnosis; ESS, endometrial

stromal sarcoma; LMS, leiomyosarcoma; UUS, undifferentiated uterine sarcoma.

not calculated due to the short follow period. Also, some
information about surgeon who performed the surgery was not
specified, as well as mode of surgery, open or minimal invasive.
For patients with LMS and UUS, shorter survival period was
observed compared to those with EES and adenosarcoma.
Positive peritoneal cytology posed a significant poorer survival
in every specific study period compared to those negative cases.
Patients with lymphadenectomy showed similar survival
outcomes to those without the procedure. In stage IVB
patients, lung was the commonest metastatic site, while all of
those with brain metastasis were dead within 1 year after initial
diagnosis. Although adjuvant chemotherapy was administered
in 40.25% (1166/2897) of cases, no improved survival was
shown, conversely, detrimental effect on CSS and OS. Whereas
radiotherapy was just administered in 14.26% (413/2897) of
patients, beneficial effect was observed on CSS and OS,
particularly the combination of external beam and
brachytherapy. The demographic and clinical characteristics of
these US patients and survival outcome in those subgroups
were summarized in Table 1.

Exploration of adjuvant radiotherapy
utilization among subgroups

To further investigate the association of radiotherapy
among various uterine sarcomas and clinicopathologic
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parameters, we stratified the cohort by receipt of adjuvant
radiotherapy or not. Before PSM and IPTW-adjustment, most
baseline characteristics were significantly unbalanced. Patients
who received additional radiotherapy tended to be older than
60 years of age, diagnosed between 2010 and 2012, with
tumor grade III-IV and tumor size bigger than 50 mm, in
groups of AJCC stage II-IV and chemotherapy administration.
After PSM and IPTW-adjustment by RT, all baseline
characteristics were well balanced with P value >0.05. The
results were demonstrated in Table 2.

Univariate and multivariate analysis
for cause-specific survival and
overall survival

Prior to PSM and IPTW-adjustment, receipt of RT was
associated with detrimental CSS (HR 1.17, 95% CI 1.00-1.36)
and OS (HR 1.15, 95% CI 0.99-1.33) effect on univariate
analysis (UVA), however, improved CSS (HR 0.80, 95% CI
0.68-0.94) and OS (HR 0.79, 95% CI 0.67-0.92) outcome on
multivariate analysis (MVA), both with statistical significance.
Based on UVA and MVA, chemotherapy showed detrimental
effect on CSS and OS (HR>1, P<0.001). Factors associated
with worse CSS and OS were patients older than 60 years,
black race, single or unmarried status, higher tumor stage and
grade, positive peritoneal cytology, tumor size bigger than
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TABLE 3 Univariate and multivariate analysis of predicting CSS and OS after IPTW-adjusted in stage I-IV US patients.

Characteristics Cause-specific survival Overall survival

Univariate analysis

HR (95% CI) P P

Multivariate analysis

HR (95% CI) P P

Univariate analysis

HR (95% CI) P p

Multivariate analysis

HR (95% CI) P P

Age (years)

50-60 Reference Reference Reference Reference

<50 0.54(0.47-0.63) <0.001* 0.70(0.60-0.82) <0.001* 0.55(0.47-0.63) <0.001* 0.70(0.60-0.81) <0.001*

>60 1.12(0.98-1.28) 0.091 1.08(0.94-1.24) 0.302 1.21(1.07-1.38) 0.003 1.15(1.00-1.31) 0.049
Year of diagnosis

2010-2012 Reference Reference

2013-2015 0.94 (0.82-1.08) 0.398 0.97 (0.85-1.11) 0.622

2016-2018 0.97 (0.83-1.13) 0.672 0.99 (0.85-1.15) 0.871
Marital status

Divorced/separated Reference Reference Reference Reference

Married 1.04(0.85-1.27) 0.689 0.99(0.82-1.22) 0.992 1.02(0.84-1.23) 0.858 0.98(0.80-1.19) 0.806

Single/unmarried 1.33(1.07-1.64) 0.011 1.27(1.02-1.58) 0.031 1.27(1.04-1.57) 0.022 1.23(1.00-1.52) 0.049

Unknown 1.10(0.81-1.51) 0.538 1.15(0.84-1.58) 0.397 1.07(0.79-1.45) 0.647 1.12(0.83-1.53) 0.454

Widowed 1.41(1.07-1.86) 0.015 1.23(0.93-1.63) 0.153 1.51(1.17-1.96) 0.002 1.29(0.99-1.68) 0.063
Race

Black Reference Reference Reference Reference

White 0.72(0.62-0.83) <0.001* 0.80(0.69-0.93) 0.004 0.71(0.62-0.82) <0.001* 0.80(0.70-0.92) 0.002

Others 0.58(0.46-0.73) <0.001* 0.71(0.56-0.90) 0.005 0.60(0.48-0.74) <0.001* 0.73(0.58-0.91) 0.006
Tumor grade

I Reference Reference Reference Reference

1II 2.451(1.58-3.79) <0.001* 2.28(1.46-3.56) <0.001* 2.05(1.38-3.05) <0.001* 1.90(1.26-2.87)) 0.002

111 12.20(8.67-11.17) <0.001* 7.60(5.23-11.03) <0.001* 10.21(7.53-13.83) <0.001* 6.52(4.66-9.11) <0.001*

v 11.77(8.48-16.35) <0.001* 6.96(4.88-9.93) <0.001* 9.54(7.14-12.75) <0.001* 5.76(4.9-7.91) <0.001*

Unknown 7.02(5.06-9.75) <0.001* 5.02(3.50-7.19) <0.001* 5.76(4.316-7.69) <0.001* 4.17(3.02-5.75) <0.001*
Histology

Adenosarcoma Reference Reference Reference Reference

ESS 1.21(0.94-1.55) 0.134 1.31(1.01-1.72)) 0.042 1.11(0.88-1.40) 0.36 1.22(0.96-1.57) 0.106

LMS 2.68(2.15-3.34) <0.001* 1.24(0.97-1.57) 0.085 2.41(1.96-2.95) <0.001* 1.16(0.93-1.45) 0.186

uus 3.19(2.07-4.92) <0.001* 1.21(0.77-1.90) 0.403 3.00(2.00-4.51) <0.001* 1.18(0.77-1.80) 0.442
AJCC Stage

I Reference Reference Reference Reference

I 1.85 (1.51-2.27) <0.001* 1.65(1.33-2.04) <0.001* 1.82 (1.50-2.22) <0.001* 1.65(1.34-2.02) <0.001*

111 3.67(3.04-4.39) <0.001* 2.38(1.95-2.89) <0.001* 3.44(2.88-4.12) <0.001* 2.30(1.90-2.78) <0.001*

v 4.94 (4.31-5.66) <0.001* 2.99(2.56-3.50) <0.001* 4.72 (4.14-5.38) <0.001* 2.98(2.56-3.47) <0.001*
Lymphadenectomy

None/unknown Reference Reference

Yes 0.93 (0.82-1.05) 0.264 0.93 (0.83-1.05) 0.221
Peritoneal Cytology

Negative Reference Reference Reference Reference

Unknown 1.10 (0.97-1.25) 0.132 1.01(0.89-1.14) 0.921 1.07 (0.95-1.21) 0.239 0.9 (0.88-1.12) 0.926

Positive 2.99 (2.34-3.82) <0.001* 1.62(1.26-2.09) <0.001* 2.99 (2.37-3.79) <0.001* 1.64(1.29-2.09) <0.001*
Tumor size (mm)

50-100 Reference Reference Reference Reference

<50 0.43 (0.33-0.54) <0.001* 0.68(0.53-0.87) 0.002 0.48 (0.39-0.60) <0.001* 0.75(0.60-0.94) 0.013

(continued)
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Characteristics Cause-specific survival Overall survival
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% CI) P P HR (95% CI) P P HR (95% CI) P P HR (95% CI) P P

>100 1.96 (1.72-2.23) <0.001* 1.32(1.15-1.52) <0.001* 1.92 (1.69-2.18) <0.001* 1.31(1.15-1.50) <0.001*

Unknown 0.78 (0.63-0.97) 0.022 0.92(0.73-1.14) 0.436 0.76 (0.62-0.94) 0.011 0.90(0.73-1.11) 0.326
Chemotherapy

No Reference Reference Reference Reference

Yes 3.31 (2.93-3.73) <0.001* 1.30(1.13-1.50) <0.001* 3.11 (2.77-3.49) <0.001* 1.27(1.11-1.46) 0.001
Radiotherapy

No Reference Reference Reference Reference

Yes 1.14 (0.98-1.34) 0.093 0.83(0.96-1.25) 0.029 1.13 (0.97-1.33) 0.126 0.81(069-0.95) 0.011
Median income

$50,000-$65,000 Reference Reference

<$50,000 0.98(0.81-1.19) 0.815 1.01(0.83-1.21) 0.958

>$65,000 0.94(0.83-1.07) 0.340 0.95(0.84-1.08) 0.443
Rural-urban area

Rural Reference Reference

Urabn 1.13(0.91-1.40) 0.266 1.12(0.91-1.37) 0.294
Months from DX to treatment

<1 Reference Reference Reference Reference

>1 1.33(1.17-1.51) <0.001* 1.09(0.96-1.25) 0.195 1.32(1.17-1.50) <0.001* 1.07(0.94-1.22) 0.299

Inverse probability of treatment weighting (IPTW)-adjusted univariate and multivariable analysis. UVA included all variables and MVA included those with P < 0.1 on UVA.
*A hazard ratio (HR) of <1 favors surgery followed by RT and HR > 1 favors hysterectomy without RT given.

50 mm. Worse CSS and OS were also seen in patients
administered with chemotherapy. Similar results were
obtained following PSM and IPTW-adjustment by RT. CSS
and OS improvements in patients who underwent RT
persisted, as did the CSS and OS detriments associated with
all other significant factors pre-adjustment. Adjusted and
unadjusted UVA and MVA were shown in Table 3 and
Supplementary Table S1, respectively.

Exploratory subgroup analysis in stage
[-1V patients

Based on the above analysis, radiotherapy showed beneficial
effect of survival outcome, which promoted us to further
finally  benefit
exploratory

will from
An

conducted as shown in the forest plot (Figure 2). Before

explore  who radiotherapy

administration. subgroup analysis was
matching, heterogeneity was high (I*>50%) on fixed-effects
model, interestingly, after matching by RT, heterogeneity was
evidently decreased in both CSS and OS analysis (I* < 50%).
Therefore, we explored the fixed-effects model to illustrate the
Prior to IPTW-

subgroups with possible improved CSS (Figure 2A) and OS

result. adjustment, there were several

(Figure 2B) after RT administration, including patients older
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than 60 years of age, tumor grade III-IV, AJCC stage II-IV,
LMS and UUS histology, positive peritoneal cytology, tumor
size bigger than 100 mm, and those given with adjuvant
IPTW-adjustment,
(Figure 2C) and OC (Figure 2D) were persistently observed
in patients with LMS and UUS, tumor grade IV, AJCC stage
I-1v, than and with
chemotherapy administration, although only patients in stage
III showed statistical significance (P < 0.05).

chemotherapy.  After improved  CSS

tumor size bigger 100 mm,

Cause-specific survival analysis for stage
[I-1V US patients in selected subgroups

As demonstrated above, patients in stage II-IV possibly
benefit from RT administration, interestingly, similar effect in
CSS and OS. Therefore, we further explored RT impact on
CSS in specific subgroups. A total of 1056 patients were
identified within the stage II-IV cohort, of whom, 664
patients were diagnosed with LMS, 346 cases presented with
tumor grade IV, 570 cases had bigger tumor size (>100 mm)
and 694 patients received chemotherapy as part of their
partial treatment. After IPTW-adjustment, patients in stage II-
IV, particularly with LMS histology, tumor grade IV, tumor
size bigger than 100 mm had improved CSS (Figures 3A-C,
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FIGURE 2
Exploratory subgroup analysis concerning radiotherapy impact on survival outcome in the whole cohort. (A) Cause-specific survival before IPTW-
adjustment. (B) Overall survival before IPTW-adjustment. (C) Cause-specific survival after IPTW-adjustment. (D) Overall survival after IPTW-
adjustment. Cl: confidence interval; HR: hazard ratio; LMS: leiomyosarcoma; ESS: endometrial stromal sarcoma; USS: undifferentiated uterine
sarcoma; IPTW: inverse probability of treatment weighting. The vertical solid-line refers to a hazard ratio of 1.0. HR <1 favors surgery followed by
radiotherapy and HR > 1 favors surgery without radiotherapy administered. P < 0.05 indicates statistical significance. (continued)

HR< 1, P<0.05), however, no improvement in ESS patients
(Figure 3D) across all tumor grades. Moreover, we performed
survival analysis for USS in combination with HG-ESS (grade
III/IV) at stage II-IV given the limited number of USS, and
observed RT use could improve survival outcome. Among
those cases who received chemotherapy, there was also
improvement in CSS (Figure 3E). In contrast, no survival
improvement was observed after RT given alone without CHT
(Figure 3F).

Discussion

Using the population-based, cancer registry SEER database
and restricting the analysis to more recent period between

Frontiers in Surgery

2010 and 2018, we gradually demonstrated a substantial
survival improvement for high-risk patients with uterine
sarcomas, when incorporating radiotherapy as an integral part
following total hysterectomy. Most importantly, this benefit
remained significant after stabilized IPTW adjustment to
control for confounding factors and conditional landmark
analysis, reducing the possibility that this conclusion suffered
from selection bias and immortality bias, respectively. To our
known, our analysis was the most up-to date, the first attempt
to account for comprehensive confounding factors, and also
encompassed a relatively wide spectrum of histological
subtypes of uterine sarcomas.

Although chemotherapy was given in nearly 40% of patients
in the present study, detrimental effect was observed at each
specific follow-up period. The result promoted us to account
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FIGURE 2
Continued.

for chemotherapy as a confounding factor and then focused
radiotherapy impact on survival improvement, thus the
corresponding results representing better balance between
patients with or without adjuvant radiotherapy administration.
Furthermore, exploratory subgroup analysis suggested the
benefit of radiotherapy trended towards significance among
the subgroup of patients receiving chemotherapy, although
chemotherapy was found to be related to detrimental effect
compared to no chemotherapy administration. This
controversy might be explained by that chemotherapy was
usually given in high-risk patients with poor prognosis. The
subgroup analysis also indicated adjuvant radiotherapy was of
detrimental for women with stage I disease in comparison to
those who were treated with surgery alone, consistent with

one previous largest SEER report regarding RT impact on

Frontiers in Surgery

uterine sarcomas patients (13). It is worth mentioning that
RT was suggestive of potential benefit for patients with poor
prognostic factors such as stage II-IV, grade IV, bigger tumor,
in particular, patients with uLMS may benefit most from
radiotherapy.

In cases of uterine LMS, due to its high recurrence rates
(45%-75%) and extremely low 5-year survival rate (10%-15%)
in metastatic disease (22), there has been great interest in
exploring adjuvant therapy following surgery to reduce the
risk of recurrence and improve survival. Yet, the utility of
adjuvant RT has long been debated, given the majority of
literature addressing the problem limited to retrospective
reviews. The highest level of evidence from one prospective
trial, the European Organization for Research and Treatment
of Cancer (EORTC) protocol 55874, evaluated the impact of

frontiersin.org


https://doi.org/10.3389/fsurg.2022.985654
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Hao and Yang

10.3389/fsurg.2022.985654

C
Characteristics . Haz ralio
and Subgroups Hazard Ratio (85%Cl) Pvalue
'333 120(0.84,1.71 31
5060 it 11 to_w, 1,42E 3
>60 —4- 101(0.78,1.31 9
Race
Black —— 1.21(0.86,1.70 262
Other 093 {0.55, 1.5e} 788
White i 1.16(0.96, 140 13
Marital status
Mamed -~ 1.18(0.95, 147 128
Divorced 102(0.62,168 921
Smmleltmamed e 121(0.86, 168 28
U + 123(054, 282 7]
Widowed —- 144(0.83,249 199
Median household income
<§50000 —_— 107 (0.69, 165 76
$50,000-865,000 —t— 115 {o.sg, 1.48E 289
>$60,000 ~— 1.17(0.94, 147 164
Year of diagnosis
20102012 - 127 {1.00, 161} 046
20132015 —s— 103078, 1.38 826
2016-2018 131(0.92,1.86 137
Tumor differentiation
| 00(0.21,481 97
Il = 82(0.82,4.07 143
1] 196 (0.65, 142 848
v —— 180 (0,59, 1.0 158
Unknown —r— 18(0.89, 158 25
"

S + 67(0.97,289 086
ESS —t— 89(137' 261 <0001
MS — 89 (073 109 246
uus + 117 (0.02, 1.86 146
ACC
| - —— 40(1.0,1.80 008
Il + 69(102.280 04
1] —_— 52(0.31, 0.86 o1
] — 82(0.63,1.08 154
l
Yee ! —— 117 50.91, 1.51} 216
No o 126(1.02,155 033
Peritoneal cytology
Negative 1.14(0.89, 146 29
Postive 105 {0.57, 1.95E 81
Unknown 115(092, 145 216
Tumor size{mm|
<5) — 223(1.32,378) 003
50-100 103(078,1.38 8
>100 090(072. 113 385
Unknown 191(1.16,315 o
o
Ysh:'mm 085 io.ss, 1.0 142
No 144(1.0,1.90 01
Overall, IV (1* = 48.1%, p = 0.000) 1.12(1.07,1.18)

FIGURE 2
Continued.

adjuvant RT on patients with stage I or II uterine sarcomas. As
expected, the subgroup analysis of patients with uterine LMS
indicated no benefit from RT in achieving either overall
survival or local control, conversely a trend towards shorter
OS period in the RT arm (23). Mahdavi et al. (24)
investigated 147 patients with uterine LMS reported from 11
regional medical centers from 1985 to 2005 and then found
the 5-year survival of patients who undertook radiotherapy
was significantly higher than those who did not (70% vs.
35%); however, the survival advantage was no longer evident
at 7.5 years. In addition, the local recurrence rate was lower in
the
compared adjuvant chemotherapy followed by RT with RT

radiotherapy group. The French Sarcoma Group

alone in surgically removed stage I-III uterine sarcomas

including LMS. The 3-year DFS was 55% for adjuvant
chemoradiotherapy vs. 41% for RT alone. Unfortunately, the
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study was prematurely closed for accrual futility (25). The
did not
characteristics to account for the receipt of chemotherapy, or

above three studies either balance baseline
not perform subgroup analysis in a wide perspective.
Determining optimal adjuvant therapy is further confused in
that stage II patients are often grouped with stage I subjects
in clinical trials. Considering a number of unmeasured
confounders influenced RT use, our study adjusted the
confounding factors, finally, identifying RT use could possibly
improve OS and CSS in stage II-IV LMS patients. This
conclusion was in accordance with both ESMO and NCCN
guidelines, both of which concluded RT is not recommended
for stage I uLMS and should be discussed with patients in
cases with higher stages considering special risk factors, such
as mitotic count, age and tumor necrosis (26, 27). Based on
the literature, in the advanced

limited stage that is
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incompletely removed or metastatic disease, radiotherapy is
persistently valuable when used in palliative treatment to
distant (15),  although
chemotherapy is wusually administered for

locations adjuvant  systemic
unresectable
advanced or recurrent disease (28).

With regard to endometrial stromal sarcoma (ESS), which
the after
leiomyosarcoma by frequency, several changes have been made
in its classification. According to the recent 2020 WHO
classification (29), it is currently divided into four main
categories: endometrial stromal nodules, low-grade ESS (LG-
ESS), high-grade ESS (HG-ESS) and undifferentiated uterine
sarcoma (USS). Recurrences develop in 23-59% of all patients
with ESS, and 15%-25% of these patients die of recurrent

disease (30). In particular, HG-ESS showed a poor prognosis,

represents most common stromal sarcoma
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with the 5-year survival rate of approximately 25%-30%. More
than 60% of UUS patients are diagnosed at advanced stage and
associated with an extremely poor prognosis (11). Due to the
rarity and diversity of histology, there is no consensus or high
level of evidence to support RT use in ESS. Some retrospective
studies reported external pelvic radiation in patients across
various stages of disease with HG-ESS and UUS to decrease
local recurrence and improve overall survival (30, 31), although
did not affect OS and PFS for low grade histology (32).
However, NCCN guideline recommended observation after
total  hysterectomy  with  bilateral salpingoopherectomy
(TAHBSO) for patients with stage I ESS irrespective of tumor
grade, for stage II-IV TAHBSO, anti-estrogen hormone therapy
and external beam could be performed for LG-ESS, systematic
therapy and/or external beam radiation therapy for HG-ESS.
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Given small sample of USS and similar poor prognosis between
USS and HG-ESS, our study performed survival analysis for
USS in combination with HG-ESS at stage II-IV, and observed
RT use could improve survival outcome, although no statistical
significance at stage II-IV ESS across all tumor grades. This
discrepancy between our study and NCCN guideline could be
explained by HG-ESS in 2014 (33)
experienced several alterations before then, yet our study

reintroduced and
included patients from 2010. Another potential explanation is
that UUS is an extremely rare uterine sarcoma and represents
the exclusion of diagnosis, thus no clear distinction between
HG-ESS and UUS, limiting our analysis for RT impact on
UUS and HG-ESS separately.

Similar to other uterine sarcomas, the majority of uterine
adenosarcoma present with stage I disease in our study. Previous
studies often pooled adenosarcoma with malignant Miillerian
mixed tumors or other uterine mesenchymal neoplasms in
adjuvant treatment strategies. Consequently, adjuvant treatment
regimens did not reach consensus in general, only few studies in
the literature referring to adjuvant therapy after complete staging
surgery. However, it has been stated that patients at low risk of
disease recurrence required observation alone, whereas for high-
risk patients chemotherapy may be recommended (1, 34).
Notably, in the 2016 National Cancer Data Base study of
Miillerian adenosarcomas, adjuvant radiotherapy were reported
to associate with a decreased overall survival (35). Both UVA
and MVA in our study suggested adenosarcoma of better CSS
and OS compared to other histological subtypes, yet small
number of stage II-IV adenosarcomas restricted our analysis of
adjuvant therapy effect on survival outcome.

Moreover, we also identified other potential prognostic
factors, for instance, positive peritoneal cytology and bigger
tumor. Survival period of US patients with positive peritoneal
cytology was significantly shorter compared with those with
negative cytology results, which agreed with the recent SEER
analysis that recommended routine cytology testing at surgical
treatment (36). Interestingly, the subgroup analysis prior to
matching found radiotherapy meaningful in those cases with
malignant peritoneal cytology, although the significance was
not evident after matching, likely due to underestimate of
peritoneal cytology as a prognostic factor in uterine sarcoma.
Concerning tumor size, it is well recognized that the cut-off
value between stage IA and stage IB is defined as 5 cm, based
on 2009 FIGO staging system for LMS and ESS (37). However,
only 25% of LMS measure less than 5 cm, typically voluminous
tumors with a mean diameter of 10 cm (5). Hence, we divided
tumor size with the cut-off point of 50 and 100 mm,
consequently, demonstrating tumor size bigger than 100 mm as
a possible indicator for radiotherapy utilization.

Although we attempted to account for nonrandom selection
of patients, we recognized several inherent methodological
limitations in this retrospective database analysis. First, our data
lacked detailed information regarding tumor margin status
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which could have influenced the decision and effect of adjuvant
therapy. Second, due to the unavailability of information in the
SEER database, specific details on RT dose and technique, the
effect of course as well as regimen of chemotherapy, sequencing
with respect to adjuvant, neoadjuvant, or coadministration with
RT remain unknown. Additionally, the current SEER database
did not provide accurate distinction between none versus
unknown chemotherapy receipt. Third, the SEER database did
not describe specific surgery procedure such as the person who
performed the surgery as well as mode of surgery, open or
minimal invasive. Fourth and most importantly, our analysis
focused primarily on OS and CSS, without details concerning
local recurrence and distant metastasis after initial treatment,
which could have important implications for the impact of
adjuvant therapy in this patient population.

Conclusions

Uterine  sarcomas raise many controversies in
oncogynecological practice. The results of the present study,
in a stepwise process, suggested adjuvant radiotherapy might
be underutilized, and proper use of adjuvant radiotherapy
combined with chemotherapy after surgery in advanced stage
and high-risk patients might improve survival. Prospective
trials exploring precision medicine based on molecular
profiles are still needed to determine the optimal adjuvant

therapy for this rare disease.
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Retroperitoneal liposarcomas (RPLPSs) are a rare tumor group for which
current guidelines recommend aggressive en bloc resection to attain
microscopically negative (RO) margins. To ensure RO margins, resection of
adherent or adjacent organs is often required. However, it is still unclear if RO
margins confer any additional benefit to patients over a grossly negative but
microscopically positive (R1) margin. We performed a systematic search of
PubMed and Embase databases for studies including patients receiving RO or R1
resection for RPLPS. Nine retrospective cohort studies, one prospective cohort
study, and 49 case reports/case series were included. A total of 552 patients
with RPLPS were evaluated: 346 underwent RO resection and 206 underwent
R1 resection. In the RO group, 5-year overall survival (OS) ranged from 58.3% to
85.7%; local recurrence (LR) ranged from 45.5% to 52.3%. In the R1 group, 5-
year OS ranged from 35% to 55.3%; LR ranged from 66.7% to 91.7%. Among
cohort studies, OS, disease-free survival (DFS), LR rate, and LR-free survival
(LRFS) were significantly associated with RO resections. Assessment of case
series and reports suggested that the RO margin led to a slightly higher
morbidity than that of R1. In conclusion, this review found the RO margin to
be associated with reductions in LR rates and improved OS when compared
with the R1 margins, though accompanied by slight increases in morbidity. The
roles of tumor histotype and perioperative chemotherapy or radiotherapy were
not well-elucidated in this review.
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1 Introduction

Retroperitoneal soft tissue sarcomas are uncommon and
affect less than 0.1% of the population (1). Among them, a
multitude of histological subtypes exist, with liposarcomas
(LPSs) representing the most common histotype (2). Favorable
survival profiles and lower propensity for distant metastases in
LPS, especially in the well-differentiated (WDLPS) and low-
grade dedifferentiated (DDLPS) patients (3), have generated
great interest among sarcoma surgeons. For once, when tumor
biology is “favorable,” the surgeon is now at the helm to possibly
dictate patient outcomes via strategies to lower local recurrence
(LR) rates.

Up-front extended resection (ER) to achieve microscopically
clear (RO) margins was introduced by Gronchi et al. (4) and has
been shown to significantly lower rates of LR with acceptable
morbidity and mortality profile. While adopted by most of
Europe and the Trans-Atlantic group (TARPSWG) (5),
differing opinions continue to exist regarding the utility of
such an aggressive surgical approach in the management of
retroperitoneal sarcomas (RPS). Few would argue for the
preservation of involved or encased organs; as such, the debate
lies mainly in the en bloc removal of adherent or adjacent organs
in which the suspicion of histological invasion is low (6, 7).

The addition of perioperative radiation therapy (RT) to the
armamentarium of tools aimed at minimizing LR rates further
adds complexity to the subject matter (8). It is unknown if a
planned R1 (microscopically positive) margin in the context of
neoadjuvant RT is of equivalence to the RO margin. In the subset
of patients with LPS, however, exploratory analysis from the
STRASS trial appears to suggest a potential benefit of
preoperative RT (9).

To date, data on the optimal surgical margins in
retroperitoneal LPS (RPLPS) have been limited to retrospective
cohort studies or case series/reports. As such, our study aims to
provide a summative analysis on patients with RPLPS in an
attempt to shed light on the effects of margins status, RT,
chemotherapy (CT), and histotype on survival and
recurrence outcomes.

2 Materials and methods

A literature search of PubMed, OvidSP, Embase, and Cochrane
databases was conducted for studies reporting on the surgical
management of RPLPS up to March 2020. The medical search
" “well-differentiated
liposarcoma,” “de-differentiated liposarcoma,” “R0,” “R1,”

headings (MeSH) “retroperitoneal liposarcoma,

» o«

“resection,” “extended resection,” “microscopic,” and “margin”
were used. Additional relevant studies were identified by screening
the references cited in shortlisted articles. This study was conducted
in accordance to the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines (Figure 1) (10).
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2.1 Criteria for inclusion of study

Articles were included if they 1) were original articles
published in English in peer-reviewed journals; 2) included
patients with RPLPS identified via imaging modalities such as
computed tomography or magnetic resonance imaging
scans; 3) included patients with biopsy-proven RPLPS;
4) unambiguously reported margin status, patient survival,
and morbidity outcomes.

Articles were excluded if they 1) did not report the margin
status of the resections; 2) included patients presenting with
metastatic disease at initial diagnosis; 3) reported all outcomes
for RO and R1 resections collectively. Studies that presented data
on RPS patients with other non-LPS histotypes were included
only if data of patients with RPLPS could be extracted
independently. For example, the retrospective cohort study of
RPS patients from the Memorial Sloan-Kettering Cancer Center
could not be included because survival and recurrence data for
R1 or RO resections were merged with other non-LPS histotypes
(11). Similarly, the TAPRSWG 2020 study evaluating a large
cohort of RPS patients was excluded, as outcomes for R1 and RO
resections were reported together (12).

2.2 Data extraction and analysis

Data were extracted using standardized forms, which
recorded patient and study characteristiCJS, the radicality of
resection performed (RO or R1), histologic subtype (well-
differentiated, dedifferentiated, pleomorphic, or myxoid),
tumor grade (FNCLCC), postoperative morbidity and
mortality, the use of neoadjuvant and/or adjuvant
chemotherapy (CT) or radiotherapy (RT), number of
additional organs removed and other perioperative outcomes,
by two independent reviewers. Where appropriate, data that
were reported for RO and R1 collectively were extracted but were
not considered in further analysis.

All studies were assessed for their level of evidence using the
Oxford Centre for Evidence-Based Medicine Levels of Evidence
(13). The authors elected to perform a descriptive review of the
data as opposed to a meta-analysis due to the heterogeneity of
the studies assessed.

2.3 Definitions

In accordance with residual tumor classification (R-
classification) guidelines laid out by the American Joint
Committee on Cancer (AJCC), an R1 resection was defined as
microscopic tumor cells present at the border of the specimen,
while an RO resection was defined as the absence of tumor cells at
the inked resection surface (14).
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An “R+1” margin was defined as having >1 mm of normal
tissue between the tumor and the inked resection margin (15).

3 Results

The search identified 59 relevant articles published between
1996 and 2019 (Tables 1A, B).

3.1 Quality of evidence

3.1.1 RO-margin resection

A total of 52 studies reported on the outcomes of RPLPS
patients who received RO resection (Tables 2A, 3A).

Eight were retrospective cohort studies evaluating the
relationship between margin status and recurrence and
survival outcomes (16-23). RO-margin patients receiving
adjuvant or neoadjuvant CT/RT were included in these
studies, but data on their recurrence and survival outcomes
were reported together with R1-margin patients and hence could
not be extracted. Of note, three studies (16, 20, 21) adopted the
stricter R+1 margin classification system that classifies margins

TABLE 1A List of cohort studies reporting on retroperitoneal liposarcomas.

Study Yr Design Study Level of RO R1 Outcomes
Duration Evidence reported

Sanchez- 2018 Cohort 2004-2015 2b 27 8 DEFS, OS,

Hidalgo study early (<12

et al. (16) mo)
recurrence,
late (>12 mo)
recurrence

Nathenson 2018 Cohort 2000-2013 2b 12 11 PFS, OS

etal. (17) study

Zhao et al. 2015 Cohort  2000-2007 2b 39 22 OS

(18) study

Sargos et al. 2012 Cohort ~ 2007-2008 2b 4 4 RRRFS,

(19) study 0os*

Lee et al. 2011 Cohort 1990-2005 2b 11 10 OS, DFES,

(20) study morbidity?,
mortality

Milone 2011 Cohort 1990-2011 2b 21 6 OS, LRES,

et al.(21) study RR

Singer et al. 2003 Cohort 1982-2001 2b 77 66 DSS, LRFS,

(22) study DRFS

Linehan 2000 Cohort 1982-1998 2b 105 54 DSSLR, DR*

et al. (23) study

Wu et al. 2018 Cohort 2005-2015 2b 0 15 DSS, LR*

(24) study

Rhu et al. 2017 Cohort 1998-2016 2b 0 6 OS, RFS

(25) study

10.3389/fonc.2022.891710

as RO only if the resection margins are surrounded by >1 mm of
tumor-negative tissue.

Of the remaining 44 studies, 4 were case series (26-29) and
40 were case reports (30-69), both documenting the recurrence
and survival outcomes of RPLPS patients receiving R0-margin
resection for RPLPS.

3.1.2 R1-margin resection

A total of 16 studies reported on the outcomes of RPLPS
patients who received R1 resection (Tables 2B, 3B). R1-margin
patients receiving adjuvant or neoadjuvant CT/RT were
included in these studies, but data on their recurrence and
survival outcomes were reported together with R0O-margin
patients and hence could not be extracted.

Ten were retrospective cohort studies evaluating the
relationship between margin status (RO/R1) with recurrence
and survival outcomes (16-25). One study (19) was a
prospective cohort study examining the effect of preoperative
irradiation by high-dose helical tomotherapy with a total dose of
54 Gy over 30 fractions.

Of the remaining six studies, one was a retrospective case
series (26) and five were case reports (70-74), both documenting

Description

Analyses influence of tumor size, stage, grade, histology, contiguous resection,
BMI, age and adjuvant therapy on OS and DFS.

Analyses influence of tumor size, stage, grade and histology and margin on OS
and PFS.
Analyses the prognostic factors of postoperative outcomes. Margin status, tumor

grade, ascites, postop metastasis and age were significant predictors of OS.

Case series documenting the effect of pre-op tomotherapy on RPLPS patients.

Analyses influence of tumor size, grade, histology, margin status, and age on OS
and DFS.

Case series documenting the overall survival and recurrence rate for RO and R1

Analyses factors predicting recurrence patterns and OS. De-differentiated
histology and the need for contiguous organ resection increases risk for LR;
margin is prognostic for survival.

Analyses influence of anatomic site, margin status, tumor size and grade on LR
and DSS.

Assesses the utility of vimentin and Ki-67 as prognostic biomarkers. R1 margins
were not a prognostic factor for DSS, while gross margins were.

Reports the influence of tumor grade and histology, sex, age, margin status,
adjuvant therapy on OS and DFS, and compares the postop outcomes of RPLPS
and inguinoscrotal LPS

BMI, body mass index; DFS, disease-free survival; DR, distant recurrence; DRFS, distant recurrence-free survival; DSS, disease specific survival; LR, local recurrence; LRFS, local recurrence-

free survival; LPS, liposarcoma; OS, overall survival; PFS, progression-free survival; RFS, recurrence-free survival; RPLPS, retroperitoneal liposarcoma; RR, recurrence rate.

*Outcomes were collectively reported for RO/R1.
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TABLE 1B List of case series/case reports reporting on retroperitoneal liposarcomas.

Study

Fernandez-Ruiz
et al. (26)

Han et al. (27)

Crisan et al.
(28)

Daldoul et al.
(29)

Yaman (30)
Susini et al. (31)

Sener et al. (32)

Mehrotra et al.
(33)

Calo et al. (34)

Gaston et al.
(35)

Gupta and
Yadav (36)

Perez-Ponce
et al. (37)

Yildirim et al.
(38)

Benseler et al.
(39)

Goertz et al.
(40)

Salemis et al.
(41)

Coleblunders
et al. (42)

Makni et al.
(43)

Bansal et al.
(44)

Sharma et al.
(45)

Nagy et al. (46)

Hoshi et al. (47)

Caizzone et al.
(48)

Kasashima et al.
(49)
Reznichenko
(50)

Kobayashi et al.
(51)

Machado et al.
(52)
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Year Margin

2010

2010

2015

2017

1996
2000

2004

2006

2007
2007

2007

2008

2008

2009

2009

2011

2011

2012

2013

2013

2013

2014
2015

2015

2016

2016

2016

status

4 RO
5R1
2RO

2 RO

2 RO

RO
RO

RO

RO

RO
RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO
RO

RO

RO

RO

RO

Description

Case series documenting the evolution of RPLPS patients

Case series of 1) RPLPS abutting the left kidney and adrenal gland removed via en bloc resection with removal of those organs; 2)
RPLPS encasing left kidney removed via en bloc resection with nephrectomy

Case report of 2 patients with primary LPS of the kidney. Patient 1 is a 65 y/o man with a giant RPLPS occupying the right hemi-
abdomen and compressing various abdominal organs but treated with organ-sparing complete resection of tumor. Patient 2 is a
70 y/o man with LPS in the right perirenal area displacing the right kidney and colon toward the midline, treated by en bloc
excision together with kidney.

Case series of 1) a giant RPLPS with colonic involvement removed by hemicolectomy and nephrectomy; and 2) a giant RPLPS
removed by RO resection with nephrectomy

Case report of RPLPS removed via complete resection with nephrectomy

Case report of a 27 y/o pregnant woman with RPLPS extending from the left adnexa to the epigastric region but removed sparing
the left ovary, uterus, and right adnexa

Case report of a 44 y/o woman with 2.0 cm cystic mass abutting the right kidney, treated by radical nephrectomy, adrenalectomy,
and en bloc resection of the tumor.

Case report of giant inflammatory RPLPS abutting the left kidney and pushing the IVC, aorta, and the left ureter

Case report of primary mesenteric LPS removed without intestinal resection or small bowel devascularization

Case report of a patient whose kidney was encased by RPLPS and extended into the diaphragm, treated with en bloc resection
with partial diaphragmatic resection

Case report of a patient with RPLPS invading the kidney, treated by complete resection of the tumor with wedge resection of the
renal parenchyma.
(This is a case series of 2 patients but only 1 had margin specified)

Case report of RPLPS with paravertebral involvement removed via en bloc resection

Case report of a 61 y/o man with RPLPS filling the pelvic cavity and extending to the epigastric region displacing intestines and
pancreas, treated by organ-sparing complete excision.

Case report of RPLPS removed via en bloc resection including the left kidney and descending colon

Case report of RPLPS dimensions 45 cm x 35 cm x 19 cm and weighed 15.5 kg, resected via en bloc resection

Case report of a 73 y/o man with RPLPS extending into the thigh

Case report of recurrent RPLPS invading the thoracoabdominal wall but sparing the peritoneum, treated by an en bloc wide

margin excision caudally down to the iliopsoas muscle and cranially up to the left adrenal.

Case report of a 60 y/o man with primary RPLPS extending from the epigastrium to the pelvic region, treated with complete but
organ-sparing resection. (This paper is actually a case series, but only 1 case had sufficient data suitable for review)

Case report of giant RPLPS with adherent ileum and ureter removed by wide excision along with ileum and ureter

Case report of inflammatory WD RPLPS removed by wide excision

Case report of recurrent RPLPS displacing the left kidney. Although the RPLPS recurred multiple times, only the results from the
resection of the primary tumor are presented in this review.

Case report of RPLPS removed via complete resection with partial nephrectomy

Case report of a huge RPLPS involving the vena cava and iliac vessels removed via en bloc resection with nephrectomy
Case report of a 34 y/o woman with RPLPS after first delivery

Case report of giant RPLPS involving small bowel and mesentery removed by en bloc resection with small intestine
Case report of recurrent RPLPS managed via re-resection

Case report of DDLPS of the pancreas treated with distal pancreatectomy with splenectomy and regional lymphadenectomy.

(Continued)
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TABLE 1B Continued

10.3389/fonc.2022.891710

Case report of a 55 y/o man with RPLPS occupying the abdominal cavity and displacing colon anteriorly abutting the kidney,

Case report of a 55 y/o woman with giant RPLPS extending from the epigastrium into the pelvic region in contact with numerous

Case report of a 62 y/o woman with RPLPS removed via en bloc laparoscopic resection along with kidney and left adrenal gland

Case report of a 30 y/0 woman with RPLPS invading the left perirenal fascia and displacing the descending colon, pancreas, and

Case report of a 27 y/o pregnant woman with a giant left RPLPS extending from the left kidney into the left pelvis, compressing
the left kidney and ureter, treated by organ-sparing complete resection; fetus was preserved and successfully delivered

Case report of WD RPLPS abutting the aorta, kidneys, and ureters, removed en bloc while preserving the structures

Case report of RPLPS encasing and displacing the left kidney anteriorly, extending cranially onto the diaphragm and inferiorly

Case report of RPLPS encasing the kidney and abutting the aorta removed by wide excision and organ-sparing surgery

Case report of huge RPLPS involving the pancreas, kidney, IVC, and aorta, removed via en bloc resection with resection of right

Case report of an anemic 65 y/o woman with RPLPS removed via laparoscopic resection requiring intraoperative blood

Case report of a 75 y/o man presenting with anorexia with RPLPS removed via en bloc resection with kidney and part of

Case report of a postmenopausal 47 y/o woman with RPLPS involving iliac vessels and ureter managed via en bloc resection with

Case report of a patient with relapse of high-grade RPLPS treated with incomplete (R1) resection and adjuvant RT

Case report of a patient with RPLPS vascularized by branches from external iliac artery and inferior epigastric artery, treated by

Case report of a patient with dedifferentiated RPLPS involving inter- and infra-renal IVC, treated with en bloc resection with right

Study Year Margin Description
status

Zeng et al. (53) 2017 RO Case report of giant RPLPS removed by en bloc resection
Tsiao et al. (54) 2017 RO Case report of a patient with RPLPS who developed right sided femoral nerve neuropraxia after resection
Singal et al. (55) 2018 RO

treated by meticulous dissection to free the mass from its adhesions, hence preserving the bowel.
Toannidis et al. 2018 RO
(56) abdominal and pelvic organs. However, the mass was excised without mention of multiorgan resection.
Agrusa et al. 2019 RO
(57)
Argadjendra 2019 RO
et al. (58) duodenum, removed via organ-sparing resection
Huo et al. (59) 2015 RO

subsequently.
Clar et al. (60) 2009 RO Case report of RPLPS enclosing left kidney, removed via marginal resection and left nephrectomy
Hashimoto 2010 RO Case report of giant RPLPS abutting the kidney and diaphragm removed via RO resection
et al. (61)
Akhoondinasab 2011 RO
and Omranifard
(62)
Bhat et al. (63) 2013 RO

into the pelvis, treated with wide excision but organ-sparing.
Oh et al. (64) 2016 RO
Tanaka et al. 2017 RO
(65) kidney, duodenum, pancreatic head, IVC, and abdominal aorta
Abufkhaida and 2019 RO Case report of an RPLPS displacing the bowel, removed via gross total resection
Alsalameh (66)
Montenegro 2019 RO
et al. (67) transfusion
Herzberg etal. 2019 RO
(68) diaphragm
Yang et al. (69) 2016 RO Case report of a huge RPLPS with renal involvement removed via en bloc resection with nephrectomy
McCallum et al. 2006 R1
(70) total abdominal hysterectomy and bilateral salpingo-oophorectomy
Keil et al. (71) 2008 R1
Sato et al. (72) 2014 R1 Case report of RPLPS with colonic involvement treated by en bloc resection with right colon and right kidney.
Bruce et al. (73) 2018 R1

en bloc resection removing the external iliac artery and renal fascia.
Ghose et al. 2018 R1
(74) kidney

(the paper is a case series, but all other patients reported had non-LPS histology)

DDLPS, dedifferentiated liposarcoma; IVC, inferior vena cava; LPS, liposarcoma; RPLPS, retroperitoneal liposarcoma; RT, radiotherapy; WD, well-differentiated.

the recurrence and survival outcomes of RPLPS patients
receiving R1-margin resection for RPLPS.

In total, our systematic review evaluated a total of 552
patients with RPLPS of whom 346 underwent RO-margin
resection and 206 underwent R1-margin resection.

3.2.1 Cohort studies (RO)

A total of 296 patients from eight cohort studies received RO-
margin resection (Table 2A). The rates of LR ranged from 45.5%
to 52.3%. The 3-year OS and DFS ranged from 87% to 87.5% and
22.2% to 62.5%, respectively. The 5-year OS ranged from 58.3%
to 85.7%. From the study by Sargos et al. (19), the recurrence rate

3.2 Outcomes of the RO margin
for retroperitoneal liposarcoma (RPLPS)

A total of 346 patients achieved RO resections, of whom 296
patients came from cohort studies and 50 from case series/case reports.
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among RO-margin patients who received preoperative RT
was 0%.

Due to the heterogeneity of the data, there is little basis for
comparison between studies that adopted an “R+1” margin
definition (16, 20, 22) vs. studies using the “R” margin
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definition. For example, Lee et al. (20) who used the “R+1”
definition reported a lower 5-year OS (58.3%) than Milone et al.
(21) (85.7%) who used the “R” definition.

3.2.2 Case series and case reports (R0)

A total of 50 patients from 44 case series/case reports
received RO-margin resection. The data extracted from the
case series and case reports for RPLPS patients receiving RO
resection are shown in Table 3A and are summarized as follows.
The median follow-up duration was 22 months. The histological
distribution was as follows: 58% WDLPS (n = 29), 20% DDLPS
(n = 10), 10% myxoid (n = 5), 6% pleomorphic (n = 3), and 6%
mixed or unreported (n = 3). Moreover, 32% (n = 16) of tumors
were low-grade (G1), 12% (n = 5) were high-grade (G2/G3), and
56% (n = 28) did not report tumor grade. In addition, 54% of
patients (n = 27) received multivisceral resection, of whom 28%
(n = 14) of patients had one additional organ resected, 24% (n =
12) had two additional organs resected, and 2% (n = 1) had five
additional organs resected. The most common organ removed
was the kidney (78%, n = 21) followed by the adrenal gland
(15%, n = 4), diaphragm (11%, n = 3), colon (8%, n = 2), and
pancreas (8%, n = 2). Regarding adjuvant CT and RT, two
patients had adjuvant CT and RT, two patients had adjuvant RT,

10.3389/fonc.2022.891710

two patients had adjuvant CT, and 44 patients had neither
adjuvant CT nor RT.

The postoperative outcomes are presented as follows. The
median follow-up time was 22 (range 1-120 months), and two
out of 50 patients demised at the end of follow-up. Cause of the
two mortalities were tumor recurrence (40) and septic shock
secondary to burst abdomen (26). The recurrence rate ranged
from 0% to 100%. No distant metastases were reported during
the duration of follow-up. Furthermore, 12% of patients (n = 6)
(26, 51, 53, 54, 60, 62) experienced postoperative complications,
of which 50% were Clavien-Dindo Grade 3 and above (75).

3.2.2.1 Comparing well-differentiated liposarcoma
(WDLPS) vs. dedifferentiated liposarcoma (DDLPS)
Patients (RO)

LR among WDLPS patients was 24% (n = 7/29) while that
among DDLPS patients was 40% (n = 4/10).

3.2.2.2 Comparing outcomes of adjuvant
chemotherapy (CT) radiotherapy (RT) vs. no CT/RT (RO)
LR among patients who received no CT or RT, only adjuvant
CT, only adjuvant RT, and adjuvant CT and RT was 31% (n =
14), 50% (n = 1), 50% (n = 1), and 0% (n = 0), respectively.

TABLE 2A Summary of cohort studies which included patients receiving RO-margin resection.

Study Year No. cases CT/RT Post-op
Morbidity
Sanchez-Hidalgo 2018 27 Unable to extract Clavien-
et al. (16) Dindo = III:
17.1% *
Nathenson et al. (17) 2018 12 Adjuvant CT: n=1 © NR
Adjuvant/neoadjuvant
RT:n=10 ¢
Zhao et al. (18) 2015 39 Intraop RT: n=2 ¢ 0%

adjuvant RT: n=7 ©
adjuvant CT: n=15 ©
adjuvant CT+RT:

n=11"°
Sargos et al. (19) 2012 4 Neoadjuvant RT Unable to
extract
Lee et al. (20) 2011 11 NR 28.6% °
Milone et al. (21) 2011 21 NR 0%
Singer et al. (22) 2003 77 CT 0% NR
Linehan et al. (23) 2000 105 NR NR

(derived)

(O8] DES LRFS RR Margin definition
in study
Median: 93 1-yr: NR Early R+1
mos (95%CL:  81% recurrence
44.9-141) * 3-year: (<12mo) =
22.2% 45.5%
Median:
22 mos
2-yr: 100% 2-yr: NR LR: 50% © R
62%
Median: 114 NR NR RR: 59/61° R
mo
Unable to NR NR 0% R
extract
3-yr: 87.5%  3-yr: NR 529 * R+1
5-yr: 58.3% 62.5%
5-yr; 85.7% NR NR 52.3% R
3-yr: 87% NR 3oyri55%  50% R+1
5-yr: 65% NR Soyr: 42%  25% ¢ R

CT, chemotherapy; DFS, disease-free survival; LR, local recurrence; LRFS, local recurrence-free survival; NR, not reported; OS, overall survival; RR, recurrence rate; RT, radiotherapy; CI,

confidence interval.

* reported collectively for RO/R1.

® reported collectively for R1/R2.

¢ reported collectively for RO/R1/R2.

4 reported collectively with RPLPS of the extremity and trunk.
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TABLE 2B Summary of cohort studies that included patients receiving R1-margin resection.

Study Year No. CT/RT Post-op (0N DES LRFS RR Margin
cases Morbidity definition
(R1=) in study

Sanchez- 2018 8 adjuvant CT Clavien-Dindo Median: 93 mo 1-yr: 25% NR Early recurrence rate  R+1
Hidalgo et al. 100% >101:17.1% ° (95% CI: 44.9-141) (<12 mo) = 91.7%
(16) RT 100% a
Nathenson 2018 11 Adjuvant CT: n=1 NR 2-yr: 91% 2-yr: 44 % NR LR: 50% © R
et al. (17) N

Adjuvant/

neoadjuvant RT:

n=10°
Zhao et al. 2015 22 Intraop RT: n=2 0% Median: 55 mo NR NR RR: 59/61 ° R
(18) adjuvant RT: n=7

adjuvant CT:

n=15*

adjuvant CT+RT:

n=11°¢
Sargos et al. 2012 4 Neoadjuvant RT ~ Unable to Unable to extract ~ NR NR 0% R
(19) extract
Lee et al. (20) 2011 10 28.6% ° Reported 3-yr: 88.9% 3-yr: 31.7% NR 52% * R+1

collectively 5-yr: 44.4%

Milone et al. 2003 6 NR 0% 5-yr: 33.3% NR NR LR = 66.6% R
(21) DM = 33.3%
Singer et al. 2000 66 NR NR 3-yr: 70% 3-yr probability free of ~ 3-yr:  50% * R+1
(22) distant recurrence: 87%  50%
Linehan etal. 2000 54 NR NR 5-yr: 35% NR S5yr: 25% ¢ R
(23) (derived) 47%
Wu et al. (24) 2017 15 Collectively NR Median: 36.9 NR NR NR R

reported for RO/

R1
Rhu et al. 2017 6 adjuvant 66.7% 66.70% Median: Median: 12.5 mo NR 66.70% R
(25) (CT/RT) 44.3mo  1-yr: 1-yr: 66.7%

80% 5-yr: 22.2%
5-yr: 53.3%

CT, chemotherapy; DFS, disease-free survival; DM, distant metastasis; LR, local recurrence; LRFS, local recurrence-free survival; NR, not reported; OS, overall survival; RR, recurrence rate;

RT, radiotherapy.

“reported collectively for RO/R1.

Preported collectively for R1/R2.

“reported collectively for RO/R1/R2.

dreported collectively with RPLPS of the extremity and trunk.

3.3 Outcomes of the R1 margin
for retroperitoneal liposarcoma (RPLPS)

A total of 206 patients in this review received resections
leading to an Rl margin, of whom 196 patients came from
cohort studies and 10 from case series or case reports.

3.3.1 Cohort studies (R1)

A total of 196 patients from 10 cohort studies received R1-
margin resection. The rates of LR ranged from 66.7% to 91.7%
(Table 2B). The 3-year OS ranged from 70% to 88.9%. The 5-
year OS ranged from 35% to 55.3%. The 3-year LRES was 50%,
and the 5-year LRFS was 47%.

Due to the heterogeneity of the data, there is little basis for
comparison between studies that adopted an “R+1” margin
definition (16, 20, 22) vs. studies using the “R” margin definition.
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3.3.2 Case series and case reports (R1)

A total of 10 patients from six case series/case reports
received R1-margin resection. The data extracted from the
case series and case reports for RPLPS patients receiving Rl
resection are shown in Table 3B and are summarized as follows.
The median follow-up duration was 15.5 months. The
histological distribution was as follows: 30% WDLPS (n = 3),
50% DDLPS (n = 5), 10% myxoid (n = 1), and 10% unreported
(n = 1). In addition, 20% (n = 2) of tumors were low-grade (G1)
and 70% (n = 7) were high-grade (G2/G3), with 10% (n = 1)
unreported grade. Moreover, 70% of patients (n = 7) received
multivisceral organ resection, of whom 20% (n = 2) had one
additional organ resected, 30% (n = 3) had two additional organs
resected, 10% (n = 1) had four additional organs resected, and
10% (n = 1) had six additional organs resected. Of the patients
who received multivisceral resection, the most common organ
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TABLE 3A Summary of 4 case series and 40 case reports which included patients receiving RO-margin resection.

First Author = Year Histology = Grade  CT/RT Post-op Mortality Clavien- Additional organs No. of Recurrence at last Follow-up Patient alive at
(FNCLCC) reported Dindo removed organs followup (Yes/No) duration last followup?
Grade removed
Fernandez-Ruiz 2010 ‘WDLPS 1 none No NA None 0 No 50.4mo Yes
et al. (26) given
WDLPS 1 none No NA None 0 No 59.1mo Yes
given
pleomorphic 2 none Yes (operative-related Grade V left hemicolon 1 No 1 mo No (operative-
given death 36 days post-op) related death)
WDLPS 1 adjuvant No NA kidney 1 Yes 62.9 mo Yes
RT
Han et al. (27) 2010 WDLPS NR none No NA kidney, adrenal gland 2 No 1.5y Yes
given
WDLPS NR none No NA kidney 1 No 1.5y Yes
given
Crisan et al. (28) 2015 Myxoid 2 Adjuvant No NA None 0 Yes 18 mo Yes
CT
Myxoid 2 none No NA kidney 1 Yes 3y Yes
given
Daldoul et al. (29) 2017 DDLPS NR none No NA kidney 1 No 12 mo Yes
given
WDLPS NR none No NA kidney 1 Yes 3y Yes
given
Yaman (30) 1996 WDLPS NR none No NA kidney 1 No 42 mo Yes
given
Susini et al. (31) 2000 WDLPS NR none No NA fallopian tube 1 No 2y Yes
given
Sener et al. (32) 2004 WDLPS 1 none No NA kidney, adrenal gland 2 No 12mo Yes
given
Mehrotra et al. 2006 WDLPS NR none No NA None 0 No 24 mo Yes
(33) given
Calo et al. (34) 2007 WDLPS NR Adjuvant No NA None 0 No 33 mo Yes
CT
Gaston et al. (35) 2007 NR 1 none No NA left hemidiaphragm 1 No 22mo Yes
given
Gupta and Yadav 2007 WDLPS NR none No NA None 0 No 6mo Yes
(36) given
Perez-Ponce et al. 2008 WDLPS low none No NA kidney, ureter 2 No 7y Yes
(37) given
(Continued)
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TABLE 3A Continued
First Author

Yildirim et al. (38) 2008
Benseler et al. (39) 2009
Goertz et al. (40) 2009
Salemis et al. (41) 2011
Coleblunders et al. 2011
(42)

Makni et al. (43) 2012
Bansal et al. (44) 2013
Sharma et al. (45) 2013
Nagy et al. (46) 2013
Hoshi et al. (47) 2014
Caizzone et al. (48) 2015
Kasashima et al. 2015
(49)

Reznichenko (50) 2016
Kobayashi et al. 2016
(51)

Machado et al. (52) 2016
Zeng et al. (53) 2017

Tsiao et al. (54) 2017

Singal et al. (55) 2018

WDLPS

WDLPS

WDLPS

WDLPS

DDLPS

DDLPS

Mixed

WDLPS

DDLPS

WDLPS

Pleomorphic

WDLPS

Myxoid

DDLPS

DDLPS

WDLPS

NR

Myxoid

Year Histology  Grade

(ENCLCC)

NR

NR
NR
NR
NR
NR
low
NR
NR
NR
NR
high

high

NR

CT/RT Post-op Mortality Clavien-

none
given
none
given
none
given
none
given
none
given
none
given
none
given
none
given
none
given
none
given
none
given
none
given
none
given
none
given
adjuvant
CT,RT
adjuvant
RT
none
given
none
given

reported

No

No

No

No

No

No

No

No

No

No

Dindo
Grade

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Grade IIT

NA

Grade IV

Grade 11T

NA

Additional organs
removed

None
kidney, descending colon
None

None

diaphragm, iliopsoas muscle

None

ileum, ureter

None

kidney

kidney

kidney

kidney, adrenal gland

small intestine, kidney

None

pancreas, spleen

None

none

none

71

No. of
organs
removed

Recurrence at last
followup (Yes/No)

No

No

No

No

Follow-up Patient alive at

duration

3mo

10y

2y

18mo

1.5y

63 mo

6 mo

8 mo

10y

24 mo

3y

7y

4y

5y

8 mo

6 mo

16 mo

last followup?

Yes
Yes
No (died of disease)

Yes

(Continued)
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TABLE 3A Continued

First Author

Toannidis et al.
(56)

Agrusa et al. (57)

Argadjendra et al.
(58)

Huo et al. (59)

Clar et al. (60)

Hashimoto et al.
(61)
Akhoondinasab
and Omranifard
(62)

Bhat et al. (63)

Oh et al. (64)

Tanaka et al. (65)

Abufkhaidaand
Alsalameh (66)

Montenegro et al.
(67)

Herzberg et al. (68)

Yang et al. (69)

Year Histology  Grade
(FNCLCC)

2018

2019

2019

2015

2009

2010

2011

2013

2016

2017

2019

2019

2019

2016

WDLPS

DDLPS

WDLPS

Myxoid

WDLPS

DDLPS

WDLPS

WDLPS

WDLPS

DDLPS

WDLPS

Pleomorphic

DDLPS

WDLPS

NR

NR

NR

low

NR

NR

low

NR

low

NR

CT/RT Post-op Mortality
reported

none
given
none
given
none
given
none
given
none
given
none
given
none
given

none
given
none
given
none
given

none
given
none
given
none
given

adjuvant

CT, RT

All time-points are taken with respect to the date of initial operation.
CT, chemotherapy; DDLPS, dedifferentiated liposarcoma; DM, distant metastasis; LR, local recurrence; MO, months; NA, not applicable NR, not reported; RT, radiotherapy; WDLPS, well-differentiated liposarcoma; Y, years.

No

No

Clavien- Additional organs
Dindo removed
Grade

NA none
NA kidney, adrenal gland
NA none
NA None
Grade I kidney
NA kidney
Grade I None
NA None
NA None
NA kidney, head of pancreas,
duodenum, IVC, abdominal
aorta
NA none
NA kidney, spleen
NA kidney, part of diaphragm
NA None

72

No. of
organs
removed

0 No
2 No
0 No
0 No
1 No
1 No
0 Yes
0 No
0 Yes
5 No
0 Yes
2 No
2 No
0 No

Recurrence at last
followup (Yes/No)

Follow-up Patient alive at

duration

4y

12 mo

12 mo

6 mo

3y

12mo

2y

8 mo

28 mo

16 mo

22 mo

6 mo

2y

6 mo

last followup?
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TABLE 3B Summary of 1 case series and 5 case reports that included patients receiving R1-margin resection.

First Year Histology Grade CT/RT Postop Clavien- Additional No.of Recurrenceat Follow- Patient

Author (FNCLCC) Mortality Dindo organs organs last follow-up up alive at
Grade removed removed (Yes/No) duration  last
follow-
up?
Fernandez- 2010 WDLPS 1 adjuvant  None NA None 0 No 31.2 mo Yes
Ruiz et al. CT
(26) myxoid 2 none None NA kidney 1 Yes 7.7 mo No (died
given of disease
after 7.7
mo)
WDLPS 1 none None NA Left ovary and 2 Yes 35 mo Yes
given fallopian tube
DDLPS 2 none None NA Left kidney 2 No 50.7 mo No (death
given and adrenal due to
gland unknown
cause at
50.7 mo)
DDLPS 2 none None NA None 0 Yes 2.6 mo Yes
given
McCallum 2006 DDLPS high none 0% Grade I Uterus, cervix, 6 No 35 mo Yes
et al. (70) given both ovaries,
both fallopian
tubes
Keil et al. 2008 NR 3 adjuvant NR NR None 0 Yes ly Yes
(71) RT
Sato etal. 2014 WDLPS NR none None NA Right kidney, 2 No 19 mo Yes
(72) right colon
Bruce etal. 2018 DDLPS high no None NA Splenic bed, 4 No 9 mo Yes
(73) external iliac

vessel, renal
fascia, colonic
mesentery

Ghose 2018 DDLPS high adjuvant None NA Right kidney 1 Yes 8 mo Yes
et al. (74) RT

All time points are taken with respect to the date of initial operation.
CT, chemotherapy; DDLPS, dedifferentiated liposarcoma; DM, distant metastasis; LR, local recurrence; mo, months; NA, not applicable; NR, not reported; RT, radiotherapy; WDLPS, well-
differentiated liposarcoma; y, years.

removed was the kidney (58%, n = 4), followed by the ovary only CT was 0% (zero out of one patient), and LR among
(29%, n = 2). Regarding adjuvant CT/RT, seven patients had patients who received only RT was 100% (two out of
neither CT nor RT, one patient had adjuvant CT, and two two patients).

patients had adjuvant RT.
At a median follow-up of 15.5 months (range 2.6-50.7), two out

of 50 patients had demised (26). Only one patient (70) experienced 3.4 Outcomes of patients who received
minor Clavien-Dindo Grade 1 postoperative complications. neoadjuvant or adjuvant radiothera py
(RT) chemotherapy (CT)

3.3.2.1 Comparing well-differentiated liposarcoma

(WDLPS) vs. dedifferentiated liposarcoma (DDLPS) In the cohort studies, survival and recurrence outcomes of
patients (R1) patients receiving neoadjuvant or adjuvant CT/RT were reported
LR among WDLPS patients was 33% (n = 1/3) while that collectively as RO/R1 and could not be extracted independently
among DDLPS patients was 40% (n = 2/5). for aggregation across studies. However, three retrospective
cohort studies individually reported on the effects of

3.3.2.2 Comparing outcomes of adjuvant neoadjuvant or adjuvant CT/RT upon univariate or
chemotherapy (CT)/radiotherapy (RT) vs. no CT/RT (R1) multivariate analysis, with differing results. Sanchez-Hidalgo
LR among patients who received neither CT nor RT was 43% et al. (16) reported that administering adjuvant CT or RT to
(three out of seven patients), LR among patients who received patients with dedifferentiated tumor histology neither improved
Frontiers in Oncology frontiersin.org
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of selection of eligible studies

DEFS/OS nor reduced LR rates. Similarly, Nathenson et al. (17)
reported that none of adjuvant CT, neoadjuvant RT, or adjuvant
RT had a significant influence on OS and PFS, regardless of
tumor histology and grade. Zhao et al. (18) reported a lower
median survival for patients receiving adjuvant therapy
(intraoperative/postoperative RT or CT) than those who did
not undergo adjuvant therapy (p = 0.03) but acknowledged
selection bias due to adjuvant therapy being arranged only for
patients with high-grade tumors.

4 Discussion

RPS accounts for 15% of all soft tissue sarcomas and
represents a rare class of tumors occurring in approximately 5
per 100,000 people in Europe (76). To date, the impact of
microscopic margin status (RO vs. R1 margin) has never been
validated in RPS. While few would defend the preservation of
involved or encased organs, much of the debate lies in whether
an en bloc approach to remove all adjacent or adherent organs
should override intraoperative assessment of suspected
histopathologic organ invasion (HOI). To further complicate
the matter, it has been shown that up to 26% of patients in whom
there was no suspicion of organ involvement actually
demonstrate pathologically identified HOIL this underscores
the need for a more aggressive and extended resection
regardless of intraoperative assessment (7). Hence, while
groups like the TARPSWG (77) and EORTC-STBSG (78)
recommend en bloc resection to maximize the chances of

achieving an RO margin, so far, there is limited evidence to
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conclude if the elusive RO margin even makes a difference to
patient outcomes. As such, the role of the R0O-margin status is
controversial in RPS.

The results of our systematic review provide some clarity on
this matter. As shown in Tables 2A, B, although the numerical
values for OS and DFS vary considerably between cohort studies,
the RO margin demonstrated benefits over the R1 margin with
regard to these outcomes in most individual studies. For OS, the
RO margin was prognostic for increased OS in the studies by
Nathenson et al. (17), Zhao et al. (18), Milone et al. (21), Singer
et al. (22), and Linehan et al. (23), while studies by Sanchez-
Hidalgo et al. (16) and Lee et al. (20) did not find a statistically
significant correlation between the RO/R1 margin and OS. For
DFS, the RO margin was prognostic for increased DES in studies
by Sanchez-Hidalgo et al. (16) and Nathenson et al. (17), but the
study by Lee et al. (20) did not find a statistically significant
correlation between the RO/R1 margin and DFS. Among the case
series and case reports included in our review, the follow-up
duration varied tremendously and follow-up data were limited,
hence preventing any formal assessment of the benefits of the RO
margin on survival outcomes.

Additionally, while different studies adopted the R+1
classification system that requires at least 1 mm of healthy
tissue around the tumor margin to qualify as RO (in essence,
an RO+1 margin), there was no obvious superiority over the
standard RO margin.

One of the biggest arguments for aggressive surgical
approaches, such as frontline extended resection, is the
reduction in the LR rate and hence an increase in local
control. Gronchi et al. (79) showed that the 5-year LR rate was
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lower at 28% with the frontline extended approach compared to
48% with standard less aggressive approaches. The French
Sarcoma Group (80) also cited a 3.29-fold reduced LR rate for
an aggressive extended approach compared to patients who
underwent simple complete resection.

The studies included in our analysis showed that the RO margin
led to a lower LR rate compared to that of the Rl margin. The LR
rate for the RO margin ranged from 45.5% to 52.3%, lower than the
LR rate of the Rl margin that ranged from 66.7% to 91.7%. In
particular, Sanchez-Hidalgo et al. (16) found that the R1 margin was
strongly correlated with early recurrence (<12 months) on
univariate analysis, and in the series by Milone et al. (21), the RO-
margin LR rate was lower than the R1-margin LR rate, although no
statistical significance analysis was done to reinforce these findings.
The limited data for LRES appear to corroborate the above findings.
Only the studies by Singer et al. (22) and Linehan et al. (23)
presented LRFS data for the RO and R1 margin separately for
comparison between R0 and R1 to be done. While Singer et al. (22)
reported that the RO margin led to longer LRFS and longer distant
recurrence-free survival, the benefit over the R1 margin was not
statistically significant. On the other hand, Linehan et al. (23)
reported that the R1 margin paradoxically led to a longer LRFS
(albeit not statistically significant).

From our analysis, there were hardly any extractable data from
the cohort studies concerning survival and LR data stratified by
RPLPS subtypes (WDLPS/DDLPS), although the case series and
reports suggest that the RO margin benefits LR in WDLPS patients
(RO, 24%; R1, 33%) but offers no additional benefit in DDLPS
patients (RO, 40%; R1, 40%). At the same time, while a more
aggressive multivisceral resection would increase the chance of
attaining RO margins (77, 78), the final margin status attained
potentially also depends on underlying tumor biology because
more dedifferentiated RPLPS tends to be more locally invasive (6)
and hence has a higher inherent tendency to invade the tumor
capsule to increase the chance of margins being positive on final
histopathology. It is therefore possible that despite a multivisceral
resection, the margin status may end up as R1. In our dataset, out
of the RO patients, majority were WDLPS histotype, whereas of the
R1 patients, majority were DDLPS histotype. Yet, the more
common margin status attained in each of the WDLPS and
DDLPS was still RO, suggesting that R1-margin cases are grossly
underrepresented in the available literature. Hence, it is challenging
to conclude regarding the extent that tumor biology and extent of
resection contribute to the margin status attained just based on
these limited data from case series and reports. The patients with
pleomorphic and myxoid RPLPS were too few to be adequately
represented, and no further analysis on their outcomes was done.

That being said, proponents of aggressive resection argue
that it offers the best chances of local control that in turn drives
oncologic outcomes in WDLPS and <G2 DDLPS. However,
aggressive resection does not offer further benefit in high-grade
DDLPS patients in whom distant metastases are the main driver
of outcomes (3).
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Existing large-scale studies on RPS in general are not
unanimous on whether aggressive resections increase
morbidity and mortality. While studies by Gronchi et al. (79)
argue that aggressive resections do not increase morbidity and
mortality, this is refuted by groups such as the TARPSWG (81)
that argues that the removal of major organs when resecting
aggressively puts patients at 1.5 times greater risk of morbidity.

In our analysis, postoperative morbidity/mortality data
could only be extracted from case series and case reports;
where it was extractable from cohort studies, the morbidity
rate for RO and R1 was equal (Tables 2A, B). Among the case
series and reports, although there were more incidences of
morbidity among RO than R1 patients, the percentage
morbidity in both patient groups was roughly equal (RO =
12% vs. R1 = 10%) due to the different total numbers of
patients. It is however valid to say that RO has slightly higher
morbidity as evidenced by the presence of Clavien-Dindo Grade
3, 4, and 5 complications. Postoperative mortality was low in
both RO and R1 patients, with there being only one case of
mortality in RO and none among R1 patients. On the whole, our
analysis suggests that postoperative morbidity and mortality are
only slightly higher for the RO margin than those for the Rl
margin in the context of RPLPS.

While the precise role of each of CT and RT in survival and
LR outcomes in RPLPS is not well-established due to most
studies being conducted on RPS in general, it has been reported
elsewhere that standard chemotherapy has a marginal role in
WDLPS due to the very low mitotic rate (82), and its use is
therefore limited to metastatic and recurrent tumors (83).
Furthermore, within the retroperitoneal space, the presence of
radiosensitive organs, such as the pancreas, and kidney, in close
proximity to the primary tumor limits the effectiveness and
delivery of radiotherapy (be it neoadjuvant or adjuvant) (84).

Among the studies included in our review, analysis in studies
performed by Sanchez-Hidalgo et al. (16), Nathenson et al. (17),
and Zhao et al. (18) failed to find any statistically significant
influence of CT/RT on survival and LR outcomes. As these are
retrospective studies, there is expected to be some selection bias,
since CT/RT would be offered more to patients with high-grade
tumors or inherently aggressive tumor biology. Furthermore, the
regimen of CT and RT was not standardized among the cohort
studies and, in some instances, not specified at all. The limited
follow-up data from case series and reports do not show any
improvement of CT/RT to survival and LR in both R0 and R1
patients nor is there any definitive proof to address the question
of whether R1 with CT/RT is of equivalence to the RO margin.

The findings of our systematic review support and allude to
the latest general consensus management guidelines for RPS
published by the TARPSWG in 2021 (85). Our review showed
that the RO-margin resection for RPLPS increased OS and
reduced LR. Indeed, the TARPSWG recommends an extended
approach to resect adherent organs regardless of expected
microscopic infiltration, with removal of all ipsilateral
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retroperitoneal fat, especially for well-differentiated histotypes
that are harder to distinguish from normal adipose tissue. For
this reason, obtaining intraoperative frozen sections will not add
further value to guide the extent of resection.

Our review showed that WDLPS histotypes could potentially
stand to benefit more from the RO resection than DDLPS in
terms of LR. While the TARPSWG suggests that the same
aggressive strategy be used for both WDLPS and DDLPS, it
acknowledges that more data are required to guide operative
strategies for DDLPS (especially the high-grade type); data from
the ongoing STRASS?2 trial will shed further light on this matter.

While the studies included in our review seems to suggest
that perioperative CT/RT has no significant effect on survival
and LR, the TARPSWG recommends preoperative CT to
downsize the primary tumor in order to facilitate grossly
complete resection. Preoperative RT should be considered only
for WDLPS and low-grade DDLPS that have high risks of LR,
whereas high-grade DDLPS does not benefit from preoperative
RT. There is still no proven benefit of postoperative CT or RT
after grossly complete resection.

4.1 Limitations of the analysis

Our review highlighted that the majority of available
studies on this topic are retrospective in nature. Outcome
data for RO were not always reported separately from those
of R1, and if it was reported separately, there was also
heterogeneity in the patient populations included under the
RO and R1 groups, and each study had varying proportions of
WDLPS and DDLPS patients. The heterogeneity of the data
limited the authors’ ability to perform a formal meta-analysis;
as such, the authors elected to perform a systematic review of
the available evidence.

Inconsistencies in the definitions of margin status among
the cohort studies also limited the extent to which the results
could be analyzed. For example, in the case of resections that
had less than 1 mm of healthy tissue around the margin, this
would be classified in papers adopting the “R+1” system as R1
but classified in papers adopting the “R” system as RO.
Among the case reports and case series, some of the papers
used did not categorically specify if the margins were RO or
R1 but described resections as “margin-positive” or
“margin-negative.”

Although the numbers of RO and R1 patients from cohort
studies are fairly equal, there were much more case series and
case reports of RO patients than those of R1 patients, possibly
stemming from publication bias. As such, data for short case
series and case reports were simply presented in a descriptive
manner. Therefore, it is difficult to make definitive conclusions
regarding the effect of CT/RT, tumor histotype, or extent of
resection on survival or recurrence outcomes.

Frontiers in Oncology

76

10.3389/fonc.2022.891710

5 Conclusion

Among the publications included in our systematic review,
there was unanimity that the RO margin delivered statistically
significant improvements to OS, and there was fairly strong
evidence that the RO margin led to increased DFS. Data
heterogeneity and collective reporting of RO and R1 outcomes
prevented a direct comparison of the differences in LRFS and
RR, but the evidence points toward decreased RR from RO-
margin resection. A modest amount of evidence points to a
roughly equal postoperative morbidity rate between RO and
R1 resection.

To date, there have been no systematic reviews on the impact
of the RO margin in the treatment of RPLPS or even RPS for that
matter. On the whole, our review suggests that the RO margin
benefits survival and LR in RPLPS patients without
compromising postoperative morbidity. The role of other
factors such as tumor biology and the role of CT/RT, while
important, have yet to be delineated. At this juncture, our review
emphasizes the need for larger-scale multicenter cohort studies
assessing the effect of histotype, CT/RT, and extent of resection
on survival and recurrence outcomes.
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for unresectable hepatocellular
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A systematic review and
meta-analysis

Yinxuan Pei, Weiwei Li, Zixiang Wang and Jinlong Liu*

Department of Hepatobiliary Surgery, Affiliated Hospital of Chengde Medical University,
Chengde, China

Background: Conversion therapy provides selected patients with unresectable
hepatocellular carcinoma the opportunity to undergo a curative hepatectomy and
achieve long-term survival. Although various regimens have been used for
conversion therapy, their conversion rate and safety remain uncertain.
Therefore, we conducted some meta-analyses to evaluate the efficacy and
safety of several conversion regimens in order to elucidate the optimal regimen.

Method: We performed systematic literature research on PubMed, Embase,
and the Web of Science until July 30, 2022. Chemotherapy, transcatheter
arterial chemoembolization (TACE), molecular therapy (targeted therapy,
immunotherapy, or a combination of both), and combined locoregional-
systemic therapy were the conversion regimens we targeted.

Results: Twenty-four studies were included. The pooled conversion rates for
chemotherapy, TACE, molecular therapy, and combined locoregional-
systemic therapy were 13% (95% confidence interval [Cl], 7%-20%; I = 82%),
12% (95% Cl, 9%~15%; 1 = 60%), 10% (95% Cl, 3%—-20%; 1 = 90%), and 25% (95%
Cl, 13%-38%; 1> = 89%), respectively. The pooled objective response rates
(ORR) for chemotherapy, TACE, molecular therapy, and combined
locoregional-systemic therapy were 19% (95% Cl, 12%-28%; 1> = 77%), 32%
(95% Cl, 15%—51%; I* = 88%), 30% (95% Cl, 15%—46%; 1> = 93%), and 60% (95%
Cl, 41%-77%; 1> = 91%), respectively. The pooled grade >3 AEs for
chemotherapy, TACE, molecular therapy, and combined locoregional-
systemic therapy were 67% (95% Cl, 55%-78%; |1> = 79%), 34% (95% Cl, 8%—
66%; 12= 92%), 30% (95% Cl, 18%-43%: 1* = 84%), and 40% (95% Cl, 23%-58%:
12 = 89%), respectively. Subgroup analyses showed the conversion rate, ORR
and grade >3 AE rate for tyrosine kinase inhibitor (TKI) combined with immune
checkpoint inhibitor (ICl) and locoregional therapy (LRT) were 33% (95% Cl,
17%-52%; 1> = 89%), 73% (95% Cl, 51%-91%; 1> = 90%), 31% (95% Cl, 10%-57%;
1> = 89%), respectively.
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Conclusion: Combined locoregional-systemic therapy, especially TKI
combined with ICl and LRT, may be the most effective conversion therapy
regimen, associated with a significant ORR, conversion potential, and an
acceptable safety profile.

KEYWORDS

hepatocellular carcinoma, conversion therapy, chemotherapy, transcatheter arterial
chemoembolization, targeted therapy, immunotherapy, combined locoregional-
systemic therapy, meta-analysis

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
malignant tumor in the world and ranks third in terms of the
mortality rate of malignant tumors worldwide in 2020 (1). Apart
from liver transplantation, which is limited by a lack of donors,
hepatectomy is the only curative therapy that can achieve long-
term survival for early HCC. Regrettably, >70% of individuals
with HCC are diagnosed in a mid- or advanced stage due to the
lack of symptoms in the early stages of the disease (2). As a
result, these patients are considered unresectable and miss the
window for radical hepatectomy (3, 4).

Current treatment options for intermediate and advanced
HCC are non-surgical, such as locoregional therapy (LRT), and
systemic therapy, which offer only poor long-term survival.
Surprisingly, some selected patients with unresectable HCC
(uHCC) have experienced tumor shrinkage and downstaging
after LRT and systemic therapy, thus meeting the criteria for
resectability (5, 6). This treatment strategy, which aims to
convert uHCC into resectable HCC, is known as conversion
therapy. Patients with uHCC who have undergone successful
conversion and subsequent resection have a 5-year survival rate
of >50% (7, 8), which is similar to the 5-year survival rate for
patients with resectable HCC who have undergone surgical
resection (9). The LRTs used for conversion therapy include
transcatheter arterial chemoembolization (TACE), hepatic
arterial infusion chemotherapy (HAIC), and transarterial
radioembolization (TARE). The systemic treatments used for
conversion therapy include chemotherapy, targeted therapy,
and immunotherapy.

Recently, with the development and application of the new
tyrosine kinase inhibitor (TKI) and immune checkpoint
inhibitor (ICI), the efficacy of targeted therapies and
immunotherapies for uHCC has improved compared to the
past. Furthermore, the improved efficacy makes the targeted
therapy and immunotherapy increasingly important in
conversion therapy strategies for uHCC. On this basis,
combinations of targeted therapies and immunotherapies, as
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well as combined locoregional-systemic therapy, have been used
as conversion therapies. To date, a number of conversion
therapy strategies have been investigated, but the best
therapeutic treatment options remain unclear. Therefore, we
conducted several meta-analyses to systematically evaluate the
safety and efficacy of representative treatment strategies
(chemotherapy, TACE, molecular therapy, and combined
locoregional-systemic therapy) as conversion therapies for
HCC in order to elucidate the optimal regimen.

Methods

All items in our meta-analyses were reported according to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (10).

Search strategy

In these meta-analyses, relevant studies were systematically
searched for in PubMed, Embase, and the Web of Science up to
July 30, 2022. The search strings used were as follows: (“unresectable”
OR “intermediate-stage” OR “advanced”) AND (“liver cancer” OR
“hepatoma” OR “hepatic carcinoma” OR “hepatocellular carcinoma”
OR “hepatocarcinoma” AND (chemotherapy OR (“loco-regional
therap*” OR “locoregional therap*”) OR (TACE OR “transcatheter
arterial chemoembolization”) OR (“hepatic arterial infusion
chemotherapy” OR HAIC) OR (radiotherapy OR (“Transarterial
Radioembolization” OR TARE) OR yttrium-90 OR (“selective
internal radiation therapy” OR SIRT) OR (“Stereotactic Body
Radiation Therapy” OR SBRT)) OR (“Targeted therapy” OR
“tyrosine kinase inhibitor*” OR “Immune checkpoint inhibitor*”
OR “systemic therap*”) OR [(Triple therapy) OR (combination
therapy) OR combined)] AND [(“hepatic resection” OR “liver
resection” OR “hepatectomy”’[Mesh]) OR resectable]. In addition,
references listed in published articles that may be relevant to this
review were manually searched.
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Literature selection

Included studies were required to meet the following criteria
(1): enrolled patients who were initially diagnosed with
potentially resectable uHCC (e.g., an Eastern Cooperative
Oncology Group performance status [ECOG PS] score of 0-2
points and a Child-Pugh classification of A or B, despite the
combination of extrahepatic metastases, macrovascular invasion
[MVI], multiple tumors, or insufficient future liver remnant
[FLR]); (2) the intervention included >1 of the treatments we
studied (chemotherapy, TACE, molecular therapy, and
combined locoregional-systemic therapy); (3) the outcomes
included the conversion rate or the number of people
successfully converted, the objective response rate (ORR), and
the grade > 3 treatment-related adverse events (AEs) rate; and
(4) study types included randomized controlled trials (RCTs),
non-RCTs, single-arm studies, cohort studies, case—control
trials, or case series. Meanwhile, the exclusion criteria were as
follows: (1) studies that included participants diagnosed with
secondary liver cancer; (2) studies with mostly the same
population (if multiple studies were found, the most recent or
most detailed study was adopted); (3) incomplete or unavailable
target outcome data; and (4) reviews, comments, conference,
abstracts, letters, case reports, and animal experiments. Two
authors independently browsed the titles and abstracts of all
articles to identify articles relevant to our study. Finally, studies
included in the meta-analysis were screened out by reading their
full texts. Any disagreements were resolved through discussions
with a third investigator.

Data extraction

The primary outcome was the conversion rate, and the
secondary outcomes were the ORR and grade > 3 AE rate.
The relevant data were extracted by two authors independently
from the included studies and filled into a predesigned Excel
sheet (Microsoft, Redmond, WA, USA). The data collected were
as follows: (1) the first author, year of publication, country, study
design, and the number of people receiving conversion therapy,
and (2) conversion therapy modalities and schedule, conversion
rate, ORR, grade > 3 AE rate, reason of unresectability, and
criteria of resectability. Any disagreements were resolved
through discussions with a third investigator.

Quality assessment

Because single-arm meta-analyses were used to quantify the
pooled results, we used the methodological index for non-
randomized studies (MINORS) tool (11) to assess the
methodological quality of RCTs and non-RCTs as single-arm
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studies. Similarly, we used the Institute of Health Economics
Quality Appraisal (IHEQA) Checklist (12) to assess the
methodological quality of cohort and case-control studies as
case series.

Statistical analysis

Data analysis was performed using R version 4.1.2 (R
Foundation for Statistical Computing, Vienna, Austria), and P <
0.05 indicated a statistically significant result. Heterogeneity was
assessed using Cochran’s Q test and I? test, and I > 50% or P < 0.1
indicated significant heterogeneity. When I* > 50%, a random-
effects model was used; if I* < 50%, a fixed-effects model was used.
Then, the pooled event rate (conversion rate, ORR, and grade > 3
AE rate) and 95% confidence interval (95% CI) were calculated
using the “meta” package of R. In addition, funnel plots, and Egger’s
tests were used to assess the publication biases.

Results
Study identification and characteristics

The initial search identified 4,984 references. A total of 3,225
records remained after removing duplicates, and 3,165 articles
were further excluded by title and abstract screening.
Subsequently, the remaining 60 articles were assessed for
eligibility by reading their full texts, and 36 were further
excluded (including three studies with duplicate participants,
15 studies with treatments mixed with other treatments, nine
with insufficient data, and nine with no results of interest).
Finally, 24 studies met the inclusion criteria and were included
in these meta-analyses. Figure 1 illustrates the flowchart for
literature screening. The characteristics of the included studies
are summarized in Table 1. In total, four studies were included in
the chemotherapy group (7, 13-15), seven were included in the
TACE group (8, 16-21), eight were included in the molecular
therapy group (22-29), and seven were included in the
combined locoregional-systemic therapy group (23, 24, 30-34).
Nineteen studies (7, 8, 13, 15-17, 19-22, 24, 25, 27-29, 31-34)
were considered to be of acceptable quality according to the
THEQA checKlist, and the remaining five studies (14, 18, 23, 26,
30) were considered to be of moderate to high quality according
to the MINORS tool. The details are summarized in the
Supplementary Materials.

Chemotherapy
Four studies (7, 13-15), including seven subgroups, reported

that the treatment modality was chemotherapy. The conversion
rate, ORR, and the rate of grade > 3 AEs were reported in seven
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FIGURE 1

The flowchart for the study search and screening

subgroups of all studies, five subgroups of three studies (13-15),
and four subgroups of two studies (14, 15), respectively. All studies
included a total of 650 patients with uHCC. Most participants had
extrahepatic metastases, vascular invasion, or multiple tumors.
The Child-Pugh classification was mostly class A, and the EOCG
PS was mostly 0-1 points. When focusing on treatment
alternatives, all studies utilized a combination chemotherapy
regimen (i.e., PIAF, cisplatin, interferon-2b, doxorubicin, and 5-
fluorouracil), and two studies (7, 14) chose a single-agent
doxorubicin chemotherapy regimen. The year of publication of
the included studies ranged from 2002 to 2013.

The conversion rate for all studies ranged from 4% (14) to
33% (15). The pooled conversion rate was 13% (95% CI, 7%-
20%; I? = 82%). The conversion rate of PIAF was 15% (95% CI,
8%-25%; 1> = 83%) and that of doxorubicin alone was 7% (95%
CL 2%-14%; 1> = 59%). The conversion rate of PIAF showed a
non-significant trend of improvement compared to that of
doxorubicin (P = 0.12) (Figure 2A).

The ORR ranged from 10% (14) to 36% (15), and the pooled
ORR was 19% (95% CI, 12%-28%; 1> = 77%) (Figure 2B).

The pooled rate of grade > 3 AEs ranged from 58% (15) to
82% (14), and the pooled rate was 67% (95% CI, 55%-78%; I* =
79%) (Figure 2C).
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TACE

TACE was reported as an intervention in seven studies (8,
16-21) covering nine subgroups. Of these, nine subgroups of all
studies reported conversion rates, six subgroups of four studies
(18-21) reported ORRs, and three subgroups of two studies (18,
20) reported AEs of grade >
patients diagnosed with uHCC, the majority of participants had

3. In all studies, among 1,809

no extrahepatic metastases or MVL In addition, most were
classified as Child-Pugh class A and had an ECOG PS of 0-1
points. Considering anti-neoplastic drugs, all studies except Fan
et al. (8) used doxorubicin or epirubicin. A few studies also used
platinum, mitomycin (8, 18, 21), and 5-fluorouracil (8). Lipiodol
or gelatin sponge was used in seven subgroups of all studies
(conventional TACE [c-TACE]) to embolize target vessels, and
drug-eluting beads (drug-eluting beads TACE [DEB-TACE])
were used in two subgroups of two studies (19, 20). The year of
study publication ranged from 2012 to 2021, except for that by
Fan et al. (8), which was published in 1998.

The conversion rate for all studies ranged from 5% (20) to
21% (20). The pooled conversion rate was 12% (95% CI, 9%-
15%; I = 60%). Subgroup analysis was performed depending on
c-TACE/DEB-TACE. In the cTACE group, the conversion rate
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TABLE 1 Characteristics of included studies.

Study

Leung (13)

Lau-cohort
1.(7)
Yeo-cohort
1(14)

Kaseb-
cohort 1
(15)
Kaseb-
cohort 2
(15)
Lau-cohort
2(7)

Yeo-cohort
2 (14)

Fan (8)
Shi (16)
Zhang (17)

He (18)

Wu-cohort
1(19)

Chiu-cohort
1 (20)

Li (21)

Wu-cohort
2 (19)

Chiu-cohort
2 (20)

Yoshimoto
(22)

He-cohort 1
(23)

He-cohort 1
(29)

Shindoh
(25)

Zhang (26)
Zhu (27)

Huang (28)
Xie (29)

He (30)

He-cohort 2
(23)

Chen-
cohort 1
(31)

Year

2002

2004

2005

2013

2013

2004

2005

1998
2012
2016

2017
2018

2020

2021

2018

2020

2018

2019

2021

2021

2020

2021

2021
2021

2018

2019

2021

Group of
interventions

CT
CT
CT

CT

CT

CT
CT

TACE
TACE
TACE

TACE
TACE

TACE
TACE
TACE
TACE
MT
MT
MT
MT
MT
MT

MT
MT

LRT+systemic
treatment

LRT+systemic
treatment

LRT+systemic
treatment
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Subgroup of
interventions

PIAF
PIAF
PIAF

PIAF

PIAF*

Doxorubicin
Doxorubicin

cTACE
cTACE
cTACE

cTACE
cTACE

cTACE
cTACE
DEB-TACE
DEB-TACE
TKI

TKI

TKI

TKI
TKI+ICI
TKI+ICI

TKI+ICI
TKI+ICI

TKI+LRT
TKI+LRT

TKI+LRT

N

149

128

86

84

33

76

94

360
420
831

41
30

19

42

24

42

38

122

86

107

33

63

60
60

35

125

72

Reason of unresectability

Extrahepatic metastasis; MVT;
Extensive disease

Multiple tumors; MVI; Extensive
bilobar involvement

Extrahepatic metastasis

Extrahepatic metastasis;
MVI

Extrahepatic metastasis;
MVI

Multiple tumors; MVI; Extensive
bilobar involvement

Extrahepatic metastasis;

Insufficient FLR; Oversized tumors
Insufficient FLR; Oversized tumors

Multiple tumors; Insufficient FLR;

Oversized tumors

BCLC stage B/C

MVI

Insufficient FLR

BCLC stage B/C

MVI

Advanced HCC

MVI

Advanced HCC; BCLC stage C
Advanced HCC

MVI

Mid- or advanced HCC; Insufficient
FLR

Extrahepatic metastases; MVI

Confirmed histologically or
radiologically
MVI

MVI

Mid- or advanced-stage HCC;
Insufficient FLR
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Definition of successful
conversion

Downstaging to resectable
Tumor shrinks and FLR increases to
resectable

Downstaging to resectable

Resectability was assessed by
experienced hepatobiliary surgeons

Resectability was assessed by
experienced hepatobiliary surgeons

Tumor shrinks and FLR increases to
resectable

Downstaging to resectable

Tumor shrinks to resectable
Tumor shrinks to resectable

RO resection

Tumor shrinks to resectable

Downstaging to resectable
Downstaging to resectable
Adequate FLR
Downstaging to resectable
Downstaging to resectable
Tumor shrinks to resectable
Downstaging to resectable
Tumor shrinks to resectable
RO resection

Adequate FLR

RO resection with adequate FLR; Good
physical condition

Downstaging to resectable

Downstaging to resectable with
adequate FLR
Downstaging to resectable

Downstaging to resectable

Downstaging to resectable

Design

Case series
Case series
RCT

Retrospective
cohort

Retrospective
cohort

Case series
RCT

Case series
Case series

Retrospective
cohort

nRCT

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Case series
RCT
Retrospective
cohort

Case series
Prospective
single-arm

Case series

Case series

Case series
Prospective
single-arm

RCT

Retrospective
cohort

(Continued)

frontiersin.org


https://doi.org/10.3389/fonc.2022.978823
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Pei et al.

TABLE 1 Continued

10.3389/fonc.2022.978823

Study Year  Group of Subgroup of N  Reason of unresectability Definition of successful Design
interventions  interventions conversion

He-cohort 2 2021  LRT+systemic TKI+ICI+LRT 71 Advanced HCC; BCLC stage C Tumor shrinks to resectable Retrospective

(24) treatment cohort

Yang (32) 2021 LRT+systemic TKI+ICI+LRT 38 Technical and/or oncological reasons ~ Downstaging to resectable Case series
treatment

Zhang (33) 2021  LRT+systemic TKI+ICI+LRT 25 BCLC stage C Adequate FLR Case series
treatment

Wu (34) 2021  LRT+systemic TKI+ICI+LRT 62  Extensive bilobar involvement; MVI; RO resection with adequate FLR; Good ~ Case series
treatment Extrahepatic metastases physical condition

Chen- 2021  LRT+systemic TKI+ICI+LRT 70  Mid- or advanced-stage HCC; Downstaging to resectable Retrospective

cohort 2 treatment Insufficient FLR cohort

(31)

N, number of patients with unresectable hepatocellular carcinoma; CT, chemotherapy; MT, Molecular therapy; LRT, locoregional therapy; PIAF, Cisplatin, interferon o-2b, 5-fluorouracil

and doxorubicin; MVI, Macrovascular invasion; TACE, transcatheter arterial chemoembolization; cTACE, conventional transcatheter arterial chemoembolization; DEB-TACE, drug-
eluding beads transcatheter arterial chemoembolization, TKI, Tyrosine kinase inhibitor; ICI, immune checkpoint inhibitor; HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver

Cancer; FLR, future liver remnant;
*Modified PIAF.

was 11% (95% CI, 8%-15%; I = 63%), while, in the DEB-TACE
group, the conversion rate was 20% (95% CI, 11%-30%; 1> = 0).
DEB-TACE had a higher conversion rate than c-TACE, but the
difference was not statistically significant (P = 0.07) (Figure 3A).

The ORR ranged from 10% (18) to 62% (19), and the pooled
ORR was 32% (95% CI, 15%-51%; I* = 88%) (Figure 3B).

The rate of grade > 3 AEs ranged from 17% (20) to 66% (18),
and the pooled rate was 34% (95% CI, 8%-66%), with significant
heterogeneity (I* = 92%) (Figure 3C).

Molecular therapy

There were eight studies (22-29), including eight subgroups,
which adopted molecular therapy as the arm-treatment. All
eight subgroups of all studies reported the conversion rate, six
subgroups of six studies (23-26, 28, 29) reported ORR, and four
subgroups of four studies (23, 25, 28, 29) reported AEs of grade >
3. A total of 569 patients with uHCC were enrolled in all trials.
Most participants were diagnosed with extrahepatic metastases,
MVI, or multiple tumors. Meanwhile, almost all of them were
classified as Child-Pugh class A and had an ECOG PS of 0-1
points. Four studies (22-25) adopted TKI alone, and four studies
(26-29) adopted TKI combined with ICI. The TKIs used in most
studies were sorafenib (22, 23) and lenvatinib (24-29), with only
one study using apatinib (27). The ICIs were various anti-
programmed cell death protein 1 antibodies (e.g.,
sindilizumab, pabrolizumab, camrelizumab, and toripalimab).
The years of study publication ranged from 2018 to 2021.

The conversion rate of included studies ranged from 0% (24)
to 42% (26), and the pooled conversion rate was 10% (95% CI,
3%-20%; I* = 90%). A subgroup analysis was performed based
on monotherapy with TKI alone or TKI combined with ICI. The
conversion rate was 19% (95% CI, 8%-33%; 1> = 78%) in the
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group receiving TKI combined with ICI and 3% (95% CI, 0-
10%; I* = 86%) in the TKI-alone group. The conversion rate in
the group receiving TKI combined with ICI was significantly
higher than that in the TKI-alone group (P < 0.01) (Figure 4A).

The ORR ranged from 6% (23) to 53% (29) and the pooled
ORR was 30% (95% CI, 15%-46%; I* = 93%). The ORR was 44%
(95% CI, 32%-56%; I* = 59%) in TKI combined with ICI group
and 18% (95% CI, 4%-38%; I = 95%) in the TKI-alone group.
The ORR of TKI combined with ICI was significantly higher
than that of the TKI-alone (P = 0.03) (Figure 4B).

The grade > 3 AE rate ranged from 13% (29) to 42% (23),
and the pooled rate was 30% (95% CI, 18%-43%; I* = 84%). The
grade > 3 AE rate was 25% (95% CI, 5%-52%; I> = 90%) in TKI
combined with ICI group and 34% (95% CI, 21%-49%; 1* =
82%) in the TKI-alone group. No significant difference existed in
the grade > 3 AE rate between TKI combined with ICI group and
the TKI-alone group (P = 0.53) (Figure 4C).

Combined locoregional-systemic therapy

Eight subgroups in seven studies (23, 24, 30-34) reported
combined locoregional-systemic therapy. The conversion rates
and ORR were available for eight subgroups and seven
subgroups from all studies, respectively, and five subgroups
from five studies (23, 30, 32-34) investigated the rates of
grade > 3 AEs. There were 498 patients with uHCC in all the
studies. Most patients had the following baseline characteristics:
concurrent extrahepatic metastases, MVI, or multiple tumors;
Child-Pugh class A; Barcelona Clinic Liver Cancer (BCLC) stage
C; and ECOG PS 0-1 points. For treatment strategies, five
studies (24, 31-34) adopted TKI combined with ICI and LRT,
and three studies (23, 30, 31) adopted TKI combined with LRT.
The TKI used was lenvatinib (24, 31-34) or sorafenib (23, 30),
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0 02 04 06 08 1
FIGURE 2

Forest plot for the chemotherapy group. The pooled conversion rate and subgroup analysis of the conversion rate according to PIAF or
doxorubicin (A), pooled ORR (B), and the pooled rate of grade > 3 AEs (C).

and the ICI were various programmed cell death protein 1
monoclonal antibodies. For TACE, two studies (32, 34) used
c-TACE, and one study (31) used DEB-TACE. For HAIC, all
studies used the FOLFOX regimen. The years of study
publication ranged from 2018 to 2021.

The conversion rates of available studies ranged from 11%
(31) to 60% (33), and the pooled rate was 25% (95% CI, 13%-—
38%; I = 89%). A subgroup analysis was performed according to
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the combination of treatments. The pooled conversion rate for
the TKI combined with ICI and LRT was 33% (95% CI, 17%-
52%; I = 89%), which was significantly higher than that for TKI
combined with LRT (12% [95% CI, 8%-17%; I* = 0%])
(P =0.01) (Figure 5A).

The ORR of included studies ranged from 28% (31) to 96%
(33), and the pooled ORR was 60% (95% CI, 41%-77%; 1> =
91%). Subgroup analysis suggested that the pooled ORR of TKI
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A
Study Year Events Total
Fan 1998 65 360
Shi 2012 52 420
Zhang 2016 82 831
He 2017 3 4
Wu-subgroup1 2018 2 30
Chiu-subgroup1 2020 1 19
Li 2021 4 42
Wu-subgroup2 2018 4 24
Chiu-subgroup2 2020 9 42
Random effects model 222 1809

Heterogeneity: 1 = 60%, t° = 0.0022, p = 0.01
Test for subgroup differences: yj =3.21,df =1 (p =0.07)

B
Study Year Events Total
He 2017 4 41
Wu-subgroup1 2018 9 30
Wu-subgroup2 2018 15 24
Chiu-subgroup1 2020 4 19
Chiu-subgroup2 2020 25 42
Li 2021 7 42
Random effects model 64 198

Heterogeneity: /> = 88%, 1> = 0.0497, p < 0.01

C
Study Year Events Total
He 2017 27 M
Chiu-subgroup1 2020 4 19
Chiu-subgroup2 2020 7 42
Random effects model 38 102

Heterogeneity: /> = 92%, t> = 0.0728, p < 0.01

FIGURE 3
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Forest plot for the TACE group. The pooled conversion rate and subgroup analysis of the conversion rate according to cTACE or DEB-TACE
(A), pooled ORR (B), or pooled rate of grade > 3 AEs (C). cTACE, conventional transcatheter arterial chemoembolization; DEB-TACE, drug-

eluding beads transarterial chemoembolization.

combined with ICI and LRT was 73% (95% CI, 51%-91%; I> =
90%), while the pooled ORR of TKI combined with LRT was
41% (95% CI, 25%-57%; 1> = 85%) (Figure 5B). The ORR of TKI
combined with ICI and LRT was significantly higher than that of
TKI combined with LRT (P = 0.02).
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The grade > 3 AE rate of included studies ranged from 15%
(34) to 55% (32), and the pooled grade > 3 AE rate was 40%
(95% CI, 23%-58%; I = 89%) (Figure 5C). The grade > 3 AE rate
between the TKI combined with ICI and LRT group (31% [95%
CI, 10%-57%; I* = 89%]) and the TKI combined with LRT group
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Forest plot for the molecular therapy group. Pooled rates and the subgroup analysis of conversion rate according to the use of TKI alone or TKI
combined with ICI: pooled conversion rate (A), pooled ORR (B), and the pooled rate of grade > 3 AEs (C). TKI, tyrosine kinase inhibitor; ICI,
immune checkpoint inhibitor
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(53% [95% CI, 45%-61%; 1> = 0%]) was not statistically
significantly different (P = 0.11).

Publication bias

No significant publication bias existed according to the
funnel plots (Figure 6) and Egger’s test (Supplementary Figure
S1) based on an analysis of the conversion rate of chemotherapy
(P =0.625), TACE (P = 0.776), molecular therapy (P = 0.087),
and combined locoregional-systemic therapy (P = 0.190) groups.

Discussion

With the advent and development of new biologic agents and
the exploration of treatment strategies, uHCC, once considered
incurable, can become resectable with conversion therapy and
achieve survival benefits comparable to those achieved with
resection of early-stage HCC (7-9). There are many options for
conversion therapy, but the best choice is not yet clear.

Our meta-analyses summarized the efficacy and safety of
four representative types of conversion therapy for uHCC.
Among these, chemotherapy, TACE, and molecular therapies
had lower and similar conversion rates, whereas combined
locoregional-systemic therapy had a significantly higher
conversion rate. Notably, subgroup analysis showed no
significant differences in conversion potential between different
strategies of the same monotherapy. However, the conversion
rate of the combined therapy was significantly better than that of
the monotherapy. The increased conversion potential of
combined therapy could be since the fact that different
treatments have different anti-tumor mechanisms. In
particular, TKI combined with ICI and LRT has the highest
conversion rate (33%) compared to any other treatment strategy,
which is close to the 39.1% rate of conversion surgery for
FOLFOXIRI plus bevacizumab as a conversion therapy used
for patients with initially unresectable metastatic colorectal
cancer (35), which is exciting.

The ORRs achieved with chemotherapy, TACE, and
molecular therapy remained similar. Similarly, the ORR for
combined locoregional-systemic therapy remained significantly
higher than the ORRs of the aforementioned other therapies.
Similar to the trend in the subgroup analysis of the conversion
rate, combined therapy was associated with a higher ORR, and
TKI combined with ICI and LRT could achieve the highest ORR.
To some extent, this result suggested that strategies that can have
a higher ORR may imply a higher conversion potential.

In terms of safety, we were mainly concerned about serious
(grade > 3) treatment-related AEs. The chemotherapy group had
the worst safety profile, with around 70% of patients
experiencing significant side effects. Given the low ORR and
conversion rates of chemotherapy, its poor safety profile seems

Frontiers in Oncology

89

10.3389/fonc.2022.978823

unacceptable today. Safety was similar and acceptable in both the
TACE group, the molecular therapy group, and the combined
locoregional-systemic therapy group. Interestingly, the subgroup
analysis showed increased safety risks with combination
therapies compared to monotherapy, but the trend was
insignificant. For the combined therapy, the safety of TKI
combined with ICI was comparable to that of TKI combined
with LRT. Furthermore, no increased security risks were
identified even when comparing TKI combined with ICI and
LRT with TKI combined with LRT.

Our findings additionally reflect the history and development
of conversion therapy for uHCC to some extent. In the early
stages, the options used as conversion therapy were mainly
chemotherapy and LRT, represented by TACE. For
chemotherapy, there are combination chemotherapy regimens
(such as PIAF) and single-agent chemotherapy regimens (such as
doxorubicin). Chemotherapy is currently rarely considered as
conversion therapy for HCC due to its low conversion potential
and high safety risks. However, LRT is continuing to develop.
Representative TACE is currently used as the first-line treatment
for intermediate to advanced HCC (36-38). In recent years, a new
TACE approach (DEB-TACE) has been developed with the ability
to increase the intravascular drug concentration and reduce the
amount of chemotherapeutic drugs entering the systemic
circulation (39). This ability might be why DEB-TACE was
associated with greater conversion and improved safety
compared to cTACE, although the difference was not
statistically significant. Several studies (40-42) has shown that
TARE could lead to tumor shrinkage and downstaging. However,
due to liver resection mixed with liver transplantation following
tumor downstaging, the role of TARE as conversion therapy for
uHCC could not be accurately clarified.

Sorafenib was approved by the U.S. Food and Drug
Administration for advanced uHCC in 2007. Sorafenib
application extends the median survival time for patients with
uHCC (43). However, the ORR of the included studies with
sorafenib as the conversion therapy was only 6%, which implies a
very low conversion potential (2%) (22, 23). Recently, significant
progress has been made in developing new anti-tumor molecular
drugs, including other TKIs and ICIs. Although the efficacy of single
agents remains limited, TKI combined with ICI significantly
improved the conversion rate but was accompanied by an
increased incidence of AEs. The inference that drugs with
different anti-tumor mechanisms have increased conversion
potential when used in combination seems reasonable. It might
have been based on this inference that the combination of LRT and
systemic therapy has recently received more attention, with higher
conversion rates as expected. In particular, triple therapy consisting
of TKIs combined with ICIs plus an LRT began to be extensively
studied in 2021, with a higher conversion rate than any other.

Admittedly, some limitations should be pointed out. First, a
high degree of heterogeneity exists in this meta-analysis. Its sources
may be as follows (1): differentiation of unresectable causes and
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FIGURE 5
Forest plot for the combined locoregional-systemic therapy group. The pooled conversion rate and subgroup analysis (A), pooled ORR and its

subgroup analysis (B), and the pooled rate of grade > 3 AEs and its subgroup (C). These subgroup analyses were conducted according to
combination of treatments. LRT, locoregional therapy
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Funnel plots for the conversion rates of chemotherapy (A), TACE (B), molecular therapy (C), and combined locoregional-systemic therapy (D).

inconsistent criteria for resectability, and (2) there are no fixed
criteria for the choice of treatment regimen and drug dose. So,
subgroup analysis was performed to explore the stability of the
results and further interpret the results. Second, most included
studies were not using conversion rates as the primary endpoint
since conversion therapy for HCC has only recently received
attention. In addition, the population characteristics of the groups
were inconsistent. All of our studies included patients with
extrahepatic metastases, except for the TACE group, which did
not include patients with extrahepatic metastases. The inconsistency
in population characteristics might be primarily due to the different
indications for different treatment strategies. So, our study focused
on each treatment strategy.

The exploration of transformation therapy for uHCC is in
the ascendant. Prospective controlled trials with large samples of
different combinations of conversion strategies should be
performed more often to provide better-quality evidence for
clinical practice. Following conversion therapy strategies, criteria
for resectability and study endpoints have yet to be further
harmonized for uHCC. In the future, individualized protocols
and studies for conversion therapy may receive more attention
due to the biological heterogeneity of primary HCC.

Conclusion

Our findings demonstrated that combined locoregional-
systemic therapy, may be the most effective conversion therapy
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regimen for uHCC at present, which is associated with a
significant ORR and conversion potential, along with an
acceptable safety profile.
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Background: Spontaneously ruptured hepatocellular carcinoma (rHCC) with
hemorrhage is characterized by rapid onset and progression. The aim of this
systematic review was to explore the current studies on rHCC with
hemorrhage and determine the optimum treatment strategy.

Method: The PubMed, Web of Science, Embase, and the Cochrane Library
databases were searched for studies reporting survival outcomes with
comparison between emergency resection (ER) and transarterial
embolization following staged hepatectomy (SH) were included by inclusion
and exclusion criteria, the perioperative and survival data were statistically
summarized using Review Manager 5.3 software.

Result: A total of 8 retrospective studies were included, with a total sample size
of 556, including 285 (51.3%) in the ER group and 271 (48.7%) in the SH group.
The perioperative blood loss and blood transfusion volume in the SH group
were less than those in the ER group, and there were no significant differences
in the operative time, incidence of complications, mortality and recurrence rate
of tumors between the two groups. The 1-, 2-, 3-year overall survivaland 1-, 2-,
3-, 5-year disease-free survival of the ER group were not significantly different
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from those of the SH group, and the 5-year overall survival rate of ER group was
lower than that of the SH group (hazard ratios=1.52; 95% confidence intervals:

1.14-2.03, P=0.005).

Conclusion: There was no significant difference in the short-term efficacy of
ER or SH in the treatment of ruptured HCC, and SH was superior to ER in the
long-term survival.

KEYWORDS

hepatocellular carcinoma, spontaneously ruptured, hepatectomy, survival,

prediction model

1 Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignancy worldwide and the second most common cause of
cancer-related deaths (1). Spontaneous rupture is a rare but fatal
complication of HCC that is characterized by coagulation
disorders, hemodynamic instability, and hepatic insufficiency.
Ruptured hepatocellular carcinoma (rHCC) is more common in
patients with advanced liver disease and heavy tumor burden,
which is reflected tumor size, number of tumors, portal vein
cancer embolism, and microvascular invasion.

The current treatment strategies for rHCC include
emergency resection (ER), anhydrous alcohol injection, hepatic
artery ligation, transcatheter artery embolization (TAE), and
conservative symptomatic supportive care. Radical resection is a
curative option for rHCC, and its goal is to stop bleeding in time
and salvage liver function. However, given the poor general
condition and liver function of patients with rHCC, the tumor is
usually unresectable, large, or multifocal, and may be
accompanied by major intrahepatic vascular invasion and
extrahepatic metastases. This not only obviates the use of
exploratory laparotomy for radical resection but also increases
the risk of serious postoperative complications. TAE is superior
to laparotomy in terms of maintaining hemostasis, and prolongs
patient survival (2). Nevertheless, ER or TAE following staged
hepatectomy (SH) is still a controversial treatment strategy for
rHCC (3, 4).

According to the AJCC TNM staging, HCC with
spontaneous rupture is classified as T4 stage regardless of
primary tumor size and relationship to blood vessels (5, 6).
However, some studies show that classifying all cases of rHCC as
T4 may not accurately reflect the true prognosis (7-9).
Therefore, it is critical to identify novel indicators or models
to predict the prognosis of rHCC in order to guide clinical
management. In this systemic review and meta-analysis, the
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research progress and prognostic models of spontaneous rHCC
based on the available clinical evidence will be discussed.

2 Materials and methods

The present meta-analysis was performed according to the
criteria defined by the Preferred Reporting Items for Systematic
Reviews and Meta-analyses statement (10).

2.1 Databases and search strategies

The present meta-analysis was performed according to the
criteria defined by the Preferred Reporting Items for Systematic
Reviews and Meta-analyses statement. PubMed, Web of Science,
Embase, and Cochrane Library databases were searched for
articles that were available until February 25, 2022. Medical
subject headings combined with free text words were used to
search for randomized clinical trial (RCT) and observational
studies. The following medical heading terms and their
combinations were used: ((hepatocellular carcinoma [Title/
Abstract]) AND (rupture [Title/Abstract])) AND ((hepatectomy
[Title/ Abstract]) OR (resection [Title/Abstract])).

2.2 Literature inclusion and exclusion
criteria

Inclusion criteria (1): Published articles comparing the short
and long-term outcomes of emergency resection (ER) or staged
hepatectomy (SH) after hepatocellular carcinoma (rHCC)
rupture; (2) Pathologically confirmed diagnosis of HCC in the
study population; (3) Studies include at least one outcome
measure relevant to the study.
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Exclusion criteria: (1) Unextractable data; (2) Editorials,
editorial letters, comments, case reports, or other types of
publications; (3) Animal experiments.

2.3 Data extraction and outcome
measures

After removing the duplicate articles, the titles and abstracts
of the remaining articles were evaluated, and studies were
sequentially excluded according to the eligibility criteria. The
complete text of the selected articles was examined
independently by two investigators, and any discrepancy was
resolved by consensus. The main indicators included
perioperative conditions (duration of surgery, amount of
bleeding, amount of blood transfusion), postoperative
outcomes (morbidity, mortality, recurrence rate), overall
survival (OS), and disease-free survival (DFS).

2.4 Quality assessment and
statistical analysis

The data were checked for completeness, plausibility, and
integrity before incorporating them into a single database. The
methodological quality of the retrospective studies was assessed
using the modified Newcastle-Ottawa scale, which is based on
patient selection, comparability of the study groups and outcome
assessment. The studies were scored from 0-9, and scores >6
were considered high quality. Discrepancies, if any, were
resolved by consensus. The meta-analysis was performed using
the Review Manager 5.3 software (Cochrane Collaboration,
Oxford, UK). Continuous and dichotomous variables were
expressed as weighted mean difference (WMD) and odds ratio
(OR) respectively. Results were reported with 95% confidence
intervals (CI). Statistical heterogeneity among the included
studies was assessed using the chi-squared test with P < 0.05
as the threshold of significance, and quantified using the I
statistic. The random effects model was used for pooled analyses
in case of significant heterogeneity between the studies, and the
fixed effects model was used otherwise. Bias in publication was
tested using the Stata version 12.0 software (Stata Corporation,
College Station, TX, USA).

5 Result
3.1 Search results

A total of 963 articles were initially retrieved and 366
duplicate studies were removed. The remaining 574 articles

were screened on the basis of their titles and abstracts, and the
irrelevant studies, case reports, and studies analyzing molecular
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mechanisms were excluded. The full texts of 23 articles were
evaluated, and 8 articles (2-4, 11-15) were finally selected. The
literature search and study selection criteria are schematically
illustrated in Supplementary Figure 1.

3.2 Characteristics of the included
studies

The characteristics of the 8 articles are summarized in
Supplementary Table 1. All studies were retrospective, and
published from 2006 to 2020. Except for the study by
Buczkowski et al. (15) that was conducted in Canada, all
studies were from China. The studies included 556 cases, of
which 285 (51.3%) had ER and 271 (48.7%) had SH.

3.3 The methodological quality of the
included studies

Based on the mNOS scores, the studies included in this
meta-analysis were of high quality (Supplementary Table 2).
Two studies (3, 4) scored 9, one study (12) scored 8, four studies
(2, 11, 14, 15) scored 7, and only one study (13) scored 6 points.
Four trials (3, 4, 12, 15) reported follow-up time, seven studies
(2-4, 11, 12, 14, 15) reported perioperative outcome measures,
and all studies reported survival data of at least 1 year.

3.4 Perioperative relevant
outcome measures

Data of operation time was reported for the ER and SH
groups in 4 studies (2-4, 15) using WMD. There was low
heterogeneity among the studies (I’=5%), and the fixed-effects
model showed no significant difference between the two groups
(WMD=0.76 min, 95%CI: 9.28-7.76, P=0.86,
Supplementary Figure 2A).

Five studies (2-4, 11, 15) reported perioperative blood loss
and 4 studies (2-4, 15) reported blood transfusion, and the
results showed that the ER group lost more blood than the SH
group (WMD=683.61 mL, 95%CI: 283.36-1083.86, P=0.0008,
Supplementary Figure 2B). Therefore, the need for blood
transfusion was also significantly higher in the ER group
(WMD=453.43 mL, 95%CI: 250.27-656.58, P<0.0001,
Supplementary Figure 2C). Significant heterogeneity was
observed for the blood loss results (I’=82%, P=0.0002), and
moderate heterogeneity was found in the rate of blood
transfusion (I’=49%, P=0.12). The sensitivity analysis reduced
heterogeneity but do not change the statistical results.

Five studies (3, 4, 11, 14, 15) reported the incidence of
perioperative complications, and the results showed that the
complication rates of the ER and SH group were similar (23.6%
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vs. 40.9%; OR=0.94, 95%CI: 0.51-1.66, P=0.82, Supplementary
Figure 2D), and there was no heterogeneity (2 =0). The
incidence of postoperative liver failure was reported in 5
articles, and no statistically significant difference between the
two groups (3.6% vs. 2.3%; OR=1.19, 95% CI: 0.40 to 3.57,
P=0.75, Supplementary Figure 2E) or any heterogeneity among
the studies was observed (I? ~0).

Case fatality was reported in 6 studies (3, 4, 11, 12, 14, 15)
which showed significantly higher rates in the ER group
compared to the SH group (7.97% vs. 1.29%; OR=3.10, 95%CI:
1.21-7.97; P=0.02). Slight heterogeneity was observed (I* =23%),
and sensitivity analysis showed that after excluding the studies of
Ou et al. (4) and Buczkowski et al. (15), there was no significant
difference between the mortality rates of the ER and SH groups
(4.76% versus 1.81%; OR=1.28, 95% CI: 0.40-4.12, P=0.68,
Supplementary Figure 2F). In addition, no heterogeneity was
found among the studies (I>=0, P=0.49).

3.5 Postoperative tumor outcome
measures

Four studies (2-4, 15) reported tumor recurrence, and ZZ test
suggested no heterogeneity (I* ~ 0) among the studies. The fixed-
effects model showed that the difference in total recurrence rate
between the two groups was not statistically significant (69.3%
vs. 64.3%); OR=1.11, 95%CI: 0.64-1.93, P=0.71, Supplementary
Figure 3A). Four articles (2-4, 11) reported peritoneal
metastases or recurrence, and showed no heterogeneity (I° ~0).
Fixed-effects model showed that the recurrence rate of peritoneal
metastases was lower in the ER group, albeit not significantly
(15.6% versus 17.1%; OR=0.80, 95%CI: 0.43-1.5, P=0.49,
Supplementary Figure 3B).

3.6 Survival outcomes

All 8 included studies reported 1- and 2-year OS rates; 6
studies (2-4, 11, 12, 14) reported 3-year survival rates; and only 5
studies (2, 4, 11, 12, 14) had the 5-year OS data. The 1-, 2-, and 3-
year OS rates were not significantly different between the ER and
SH groups (P>0.05), and the respective hazard ratios (HR) were
1.06 (95% CI: 0.62-1.81, Supplementary Figure 4A), 1.38 (95%
CI: 0.94-2.03, Supplementary Figure 4B) and 1.05 (95% CI: 0.64-
1.72, Supplementary Figure 4C). The x> test showed lack of
heterogeneity between the studies (1 year OS: I’=0, P=0.84; 2
years OS: I’=0, P= 0.10; 3 years OS: I’=38%, P=0.84), and
sensitivity analysis did not alter the statistical results. However,
the 5-year OS of the ER group was significantly lower than that
of the SH group (HR =1.52, 95% CI: 1.14-2.03, P=0.005,
Supplementary Figure 4D), and there was no heterogeneity
between the studies (I =0, P=0. 92).
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Four studies (2-4, 11) reported the 1-, 2- and 3-year DEFS, and
only 3 studies (2, 4, 11) reported the DES for 5 years. The 1-, 2-, 3-
and 5-year DFS rates were similar in the ER and SH groups
(P>0.05), with respective HR of 1.21 (95% CI: 0.78-1.87,
Supplementary Figure 5A), 1.19 (95% CI: 0.86-
1.65, Supplementary Figure 5B), 1.2 (95%CI: 0.88-1.63,
Supplementary Figure 5C) and 1.27 (95%CI: 0.96-1.69,
Supplementary Figure 5D). There was no heterogeneity between
the studies (1 year DFS: I* =0, P=0. 68; 2 years DFS: ’=0, P=0.85; 3
years DES: I’=0, P=0.99; 5 DFS: I’=0, P=0.45).

3.7 Sensitivity analysis and
publication bias

Sensitivity analysis included the studies with mNOS scores
of 7 and above. There was no change in the statistical results of
the recent postoperative outcome measures and survival data.
After two studies, the case fatality rate was not SH group due to
the removal of Ou et al. (4) and Buczkowski et al. (15). Tested by
Begg’s rank-related test (P =0.368, Supplementary Figure 6A)
and Egger linear regression method (P =0.067, Supplementary
Figure 6B) showed no publication bias in the studies included in
this meta-analysis.

4 Discussion

4.1 Risk factors for rHCC

The current hypothesis is that the rapid expansion and
invasion of the hepatic tumor leads to intra-plasmal
hemorrhage of the tumor and obstructs the hepatic venous
outflow tract, which causes intra-tumoral hypertension and
eventual rupture (16-18). The risk factors of rHCC include
cirrhosis, hypertension, tumors larger than 5 cm in diameter,
thrombosis and extrahepatic infiltrates (16, 17, 19). Therefore,
HCC patients with underlying diseases such as hypertension and
cirrhosis, tumor > 5 cm in diameter, and extrahepatic infiltrates
should be considered at high risk of tumor rupture, and radical
resection should be performed at the earliest as long as the
preoperative clinical evaluation is consistent with the

surgical requirements.

4.2 Short-term survival of rHCC

A systematic review (20) pooled clinical data of 4941 patients
with rHCC from 67 studies in a systematic review, and found
that the average 30-day and 6-month survival rates were 66.9%
and 53.6% respectively. The main causes of death were bleeding-
related complications (34.3%) and liver failure (30.0%). In
addition, the 30-day survival rate was 34.8% for the patients
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who received conservative medical care and did not undergo
surgery or any other intervention, and 70.1% for patients who
received transcatheter arterial chemoembolization (TACE) or
TAE. Due to its minimal invasiveness, high selectivity,
reproducibility, and low relative risk, TAE has a better
hemostasis effect on patients with rHCC compared to simple
open hemostasis, and can therefore prolong patient survival (2).
Partial hepatectomy can remove ruptured tumors, clean the
abdominal cavity, and achieve radical resection. Furthermore,
compared to TAE or conservative medical treatment, radical
resection is associated with lower mortality and better prognosis
(21), and can improve the 30-day survival rate of rHCC patients
to 95.5% or even 100% (20).

Due to the low incidence and heterogeneity of rHCC, the
choice between ER or SH in patients with potentially resectable
spontaneous rHCC is controversial. Zheng YJ et al. (22)
conducted a meta-analysis of 7 retrospective studies
comparing the outcomes of early hepatectomy (EH) or
delayed hepatectomy (DH) on 385 patients with spontaneous
rHCC, and found that DH (7 days after rupture) can reduce
intraoperative bleeding, intraoperative blood transfusion, and
30-day mortality rate, and improve the 1-year, 2-year, and 3-year
OS rate. There was no difference between the 5-year OS of the
two groups. However, Zheng Y] et al. (22) defined EH as that
performed within 3 days after the rupture of HCC, and DH as
resection after 7 days of conservative treatment and/or
scavenged hemostasis. However, the definition of operation
time was vague, which could not fully meet the inclusion
criteria of the meta-analysis, resulting in obvious selection
bias. In addition, there was systematic error in extracting
information from literature, the HR for 1-, 2-, 3-, and 5-year
OS of rHCC patients reported by Zhong et al. (12) was 1.42 (95%
CI: 0.35 to 5.82), and that reported by Buczkowski et al. (15) for
1-, 2- and 3-year OS was 3.74 (95%CI: 0.55 to 25.55). In addition,
two studies (3, 11) published in 2019 and 2020 were not included
in the meta-analysis.

4.3 Long-term survival of rHCC

Moris D et al. (20) summarized the long-term prognosis of
patients with rHCC from 67 reports, and concluded that tumor
recurrence and metastasis were the most frequent cause of death
(17.2% of the overall cohort). As expected, surgical resection led
to more favorable long-term outcomes. The 1-, 3- and 5-year OS
in the ER group were 40%-94.6%, 41.1%-49.5%, and 23.3%-
27.8% respectively, compared to 57.1%-90%, 19%-67.5%, and
7.6%-67.5% in the SH group.

The current meta-analysis showed the 1-, 2- and 3-year OS
and the 1-, 2-, 3- and 5-year DFS rates were similar in ER and SH
groups (all P>0.05), whereas the 5-year OS rate was significantly
lower in the ER group (HR=1.52; 95%CI: 1.14-2.03, P=0.005).
Although some studies have reached conclusions consistent with
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these results, they are limited by the small sample size and
insufficient follow-up duration (2). One possible reason of the
comparable 3-year survival rates of ER and SH is that the
amount of intraperitoneal hemorrhage is counted in the ER
group, and the time from TAE to resection varies from 1 day to 2
months. The hemorrhage partially absorbed and removed in the
SH group, which may explain similar survival prognosis of both
groups within 3 years. However, the 5-year OS in the ER group
was significantly shorter than that in the SH group. It is difficult
at present to provide a convincing explanation for this
difference, which may not be due to the treatment at the time
of HCC rupture but rather due to the follow-up treatment
measures after radical resection. This hypothesis will have to
be validated with larger samples and longer follow-up
evaluation. Therefore, based on the aggregated data, rHCC
should not be considered a “single clinical event” and
“rupture” should not be considered as the only adverse
prognostic factor.

4.4 Survival prediction of rHCC

Given the paucity of studies on spontaneously rHCC after
radical resection, and the significant heterogeneity between cases
with non-ruptured and rHCGC, it is still unclear whether liver
tumor rupture affects long-term survival. In addition, the
survival benefits of the different treatment methods are not
consistent. Therefore, it is essential to identify novel
prognostic markers or models for rHCC in order to aid
clinical decision-making (Table 1).

4.4.1 TAE for rHCC

Since HCC rupture causes acute bleeding, the primary goal
of treatment is to stem the bleeding and prevent internal
hemorrhage. TAE is a minimally invasive and reproducible
approach with a good hemostasis effect in patients with
hepatic tumor rupture. However, it is not suitable for all
patients with rHCC.

4.4.1.1 Prediction of prognosis of TAE treatment of
rHCC by imaging and clinical scoring systems
Compared to single abdominal hemostasis, emergency TAE
has a better hemostasis effect on patients with rHCC, and can
prolong patient survival (2). However, Ngan H et al. (23)
reported that emergency TAE provided little survival benefit to
patients with total bilirubin levels > 2.92 mg/dL, and Okazaki
et al. (24) considered total bilirubin level > 3 mg/dL to be a
contraindication to TAE. Lee et al. (25) devised a scoring system
by combining imaging and clinical laboratory parameters to
predict the case fatality rate in patients with rHCC at 30 days
after TAE, and identified bilobar tumors, total bilirubin > 2.5
mg/dL and albumin < 30 g/L as independent predictors of 30-
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TABLE 1 The models of predicting the prognosis of rHCC.

10.3389/fonc.2022.973857

Model Author Sample/Method Risk factor Outcome
TAE for rHCC Prediction of prognosis of TAE treatment of rHCC Ngan H  33/Mantel-Cox test ~ Total bilirubin=2.9 mg/dl mOS 1 week
by imaging and clinical scoring systems et al Total bilirubin<2.9 mg/dl mOS 15 weeks
Okazaki ~ 38/Mantel-Cox test ~ Total bilirubin=3.0 mg/dl mOS 13 days
Metal Total bilirubin <3.0 mg/dl mOS 165 days
Lee KH  111/Multiple logistic ~ Bilobar tumor High 30 days mortality
et al regression model distribution risk>4points  86.8%
(3points)
Total Moderate 30 days mortality
bilirubin=2.5mg/dL  risk=3points  31.8%
(2points)
Albumin <30g/L Low risk < 30 days mortality
(1points) 2points 2.6%
Fan WZ  94/Cox regression Shock index >0.6=<1 mOS 12.0 + 1.0 days
etal analysis >1 mOS 52.0 + 7.2 days
Child-Pugh score 10/11 mOS 51.0 + 13.9 days
12/13 mOS 28.0 + 3.7 days
Portal vein tumor ~ Main mOS 14.0 + 2.0 days
thrombus Lobar mOS 34.0 + 5.1 days
Segmental mOS 52.0 + 6.9 days
MELD predicts TAE for rtHCC Jundt 24/Log-rank test MELD-Na score=16 mOS 9 days, 30 days
MC et al mortality 67%
MELD-Na score < 16 mOS 166.5 days, 30
days mortality 21%
Partial liver TAA WuJJet 139/Log-rank test Scores according to  High risk 10- 1 year OS 30.2%
resection for al the tumor size 13 points
rHCC Scores according to  Moderate risk 1 year OS 43.2%
the AFP 6-9 points
Scores according to  Low risk 0-5 1 year OS 88.1%
the ALP points
AFP Chua 79/Cox regression AFP=200 ng/mL 1 year OS 33.3%
DWetal analysis Tumor size=10 cm lyear recurrent rate
90.9%
She WH  114/Log-rank test AFP>256 ng/mL mDFS 5.9 months
et al.

AFP<256 ng/ml mDFS 10.7 months

TAE, transcatheter artery embolization; rHCC, ruptured hepatocellular carcinoma; MELD, Model for End-Stage Liver Disease; mOS, median overall survival; TAA, tumor-associated

antigen; AFP, alpha-fetoprotein; mDFS, median disease-free survival.

day fatality. Patients with rHCC have poor liver function, and
underlying cirrhosis and liver dysfunction in most cases, which
respond poorly to conservative treatment alone. Fan WZ et al.
(26) consider emergency TAE to be an effective intervention in
patients with Child-Pugh C grade rHCC with hepatic shock,
particularly in those with shock index >1, Child-Pugh score 10/
11 and grade 1 or lower branch portal vein cancer suppository.
In contrast, the efficacy of TAE and conservative medical
treatment were similar in patients with Child-Pugh score 12/
13 tumors and portal vein trunk carcinoma suppositories.

4.4.1.2 Model for End-Stage Liver Disease (MELD)
predicts prognosis for TAE treatment of rHCC

MELD scores are based on total serum bilirubin
concentration, international normalized ratio of prothrombin
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time, and serum creatinine concentration (27). In addition,
serum sodium concentration has been recognized as an
important prognostic factor in patients with cirrhosis, and
hyponatremia is associated with ascites (28), hepatorenal
syndrome (29), and liver disease death (30). The combination
of MELD score and serum sodium concentration (MELD-Na)
can predict the case fatality rate of liver transplants with greater
accuracy. Jundt MC et al. (31) used the MELD-Na score to
evaluate the perioperative and short-term case fatality rates of
rHCC patients undergoing TAE, and found that MELD-Na was
an independent risk factor of post-TAE survival. Higher MELD-
Na scores were associated with worse baseline liver function and
tumor prognosis, and the 30-day and 90-day case fatality rates of
patients with MELD-Na score >16 were respectively 67% and
89% after TAE. Thus, rHCC patients with a Child-Pugh score
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>11, MELD-Na score >16 and portal vein main trunk carcinoma
suppositories have extremely poor short- and long-term
prognosis, and emergency intervention does not improve their
chances of survival compared to conservative treatment.

4.4.2 Partial liver resection for rHCC

Most rHCC patients have underlying cirrhosis and
decompensated liver function, which can be aggravated due to
surgery. Furthermore, surgery also increases the risk of jaundice
and refractory ascites, eventually leading to liver and kidney
failure. Therefore, it is crucial to screen for the suitable patients.

4.4.2.1 Predictive model for partial hepatic resection of
rHCC

Wu JJ et al. (32) conducted an univariate and multivariate
analysis of 139 patients with rHCC, and established a new
tumor-associated antigen (TAA) scoring model based on
tumor diameter, alkaline phosphatase (ALP), and alpha-
fetoprotein (AFP). Approximately 88.1% of the low-risk
patients survived for more than 1 year compared to only
43.2% and 30.2% of the intermediate-risk and high-risk
patients respectively (P<0.001). The 2-, 3-, and 5-year OS rates
were 73.8%, 64.1%, and 44.2% respectively in the low-risk group,
27.3%, 24.8%, and 15.5% in the moderate-risk group, and 9.3%,
4.7%, and 0 in the high-risk group. The DFS rates also showed
significant differences with the new staging model (32).

Compared to the Barcelona Clinic Liver Cancer (BCLC) and
the Cancer of the Liver Italian Program (CLIP) classification
models, the TAA model showed a higher Harrell’s C statistic,
indicating greater predictive accuracy for the postoperative
prognosis of rHCC. In addition, the TAA model has lower
Akaike Information Criterion (AIC) compared to BCLC and
CLIP, indicating that the model fits well and loses less
information when predicting OS (relative probability <0.001).
Thus, the TAA model has better discrimination power and
homogeneity than the BCLC and CLIP systems for predicting
the OS and DFS of rHCC patients after surgical resection (32).

4.4.2.2 AFP predicts prognosis after rHCC resection
AFP is an important diagnostic and prognostic marker of
HCC, and studies increasingly show that elevated AFP is
associated with increased tumor burden (33, 34) and poor
prognosis (21). However, it is unclear whether AFP levels can
predict the survival in patients with rHCC. AFP > 200 ng/mL
(35) or >1000 ng/ml (21) have been identified as independent
risk factors for the overall survival of rHCC patients. In addition,
tumor size > 10 cm and AFP > 200 ng/mL are associated with
early postoperative recurrence rates of 54.5%-90.9% and
perioperative case fatality rate of 66.7% in patients with rHCC,
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and are thus useful indicators for avoiding futile surgery (36).
She WH et al. (37) showed that AFP > 256 ng/mL is an
independent risk factor of OS in rHCC patients, and portends
worse survival regardless of tumor size. Thus, surgical
intervention (ER or SH) is recommended for rHCC patients
with low TAA score and AFP < 256 ng/mL. Although surgical
resection is still the first choice for increasing the chances of
survival in patients with higher TAA scores (6 to 9) and AFP >
256 ng/mL, postoperative adjuvant therapy should be considered
for lowering the risk of tumor recurrence.

4.5 Treatment of rHCC survivors

Adjuvant treatment after curative hepatectomy is a crucial
factor influencing patient survival. However, data regarding the
safety and efficacy of sorafenib in rHCC patients is limited. One
single-center study showed that the cumulative survival rates in
an rHCC cohort (38) after 4, 8, and 12 months of surgery were
higher for the patients that received sorafenib as an adjuvant
treatment. Postoperative TACE can also be used as adjuvant
therapy to prevent recurrence after hepatectomy (39), although
perioperative TACE decreases intrahepatic metastasis but
increases peritoneal dissemination in rHCC patients. Recently,
Huang A et al. (40) found that adjuvant TACE conferred a
survival benefit in patients with a high risk of recurrence
(multiple tumors, as well as micro- and macro-vascular
invasion). However, these results should be interpreted with
caution since their sample size was limited (38-41). Few studies
have focused on the treatment of rHCC survivors, and the
strategies are mainly determined based on the tumor burden
after recurrence. Targeted therapies and immunotherapy are
increasingly being considered for the management of advanced
HCC (42).

In 2014, Zheng SZ et al. (38) conducted a retrospective study
on a cohort of 32 rHCC patients to determine the efficacy and
safety of sorafenib. Twenty-two patients in the cohort had
undergone surgery (ER or SH), 10 received TAE or TACE,
and 12 received sorafenib postoperatively. The initial dose of
sorafenib was 200 mg bid, and increased to the full dose of 400
mg bid after 5 to 7 days in case there was no toxicity. The median
survival duration of the surgery group (n=12) was 11.41 months,
and that of the surgery + sorafenib group (n= 10) was 16.47
months. In contrast, the median survival duration in the surgery/
TAE/TACE group (n=20) was only 8.32 months, compared to
16.41 months in the surgery/TAE/TACE+sorafenib group
(n=12) (P=0.04). In addition, 2 patients achieved complete
radiological remission, 3 patients were stable, and 7 patients
developed tumors. Three patients were temporarily
administered with a reduced dose of sorafenib due to toxicity,
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and the main side effects were hand-foot skin reactions and
diarrhea rather than any serious adverse reactions.

Thus, survivors of radical surgical resection (ER or SH)
can be treated with adjuvant TACE, targeted drugs,
immune checkpoint inhibitors, or hepatic artery perfusion
chemotherapy based on locally advanced or advanced HCC.

5 Summary

It is often difficult to stratify rHCC patients based on clinical
presentation and biochemical data to determine appropriate
treatment strategies. There was no significant difference in the
short-term efficacy of ER or SH in the treatment of ruptured
HCC, and SH was superior to ER in the long-term survival.
Identification of novel prognostic indicators or models of rHCC
may help guide treatment decisions and improve outcomes.
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A meta-analysis
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Department of Gastrointestinal Surgery, Chongging Medical University, Yongchuan Hospital,
Chongging, China

Background: RDW might be an easy and cost-effective pre-operative
prognostic factor for cancer patients. The aim of the current study was to
analyze whether red blood cell distribution width (RDW) was a prognostic
factor for colorectal cancer (CRC) patients who underwent radical surgery.
Methods: We conducted the searching strategy in three databases including the
PubMed, Embase and Cochrane Library from the inception to May 07, 2022, to
find eligible studies. In this meta-analysis, we focused on the prognosis. Pooled
hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated for overall
survival (OS), disease-free survival (DFS) and cancer-specific survival (CSS).
Results: A total of seven studies involving 7,541 patients were included in this
meta-analysis. After pooling up the HRs, red blood cell distribution width-
coefficient of variation (RDW-CV) was not an independent prognostic factor
of OS (HR=148, 12=90%, 95% Cl=0.93 to 2.36, P=0.10), however, red
blood cell distribution width-standard deviation (RDW-SD) was an
independent prognostic factor of OS (HR=1.99, /?=0% 95% Cl=159 to
249, P<0.01). As for DFS, we found that RDW-CV (HR =151, /?=83%, 95%
Cl=0.94 to 2.43, P=0.09<0.10) and RDW-SD (HR =1.77, I?=56%, 95% Cl =
0.91 to 3.43, P=0.09 < 0.10) were both the independent prognostic factors. In
terms of CSS, we found that RDW-CV was not an independent prognostic
factor (HR = 1.23, /2= 95%, 95% Cl = 0.72 to 2.10, P = 0.46).

Conclusion: RDW-SD was an independent prognostic factor of OS and DFS, and
RDW-CV was an independent prognostic factor of DFS.

KEYWORDS

red blood cell distribution width, colorectal cancer, meta-analysis, surgery, survival

Introduction

The incidence of colorectal cancer (CRC) was 38.7 per 100,000 and the mortality rate
was 13.9 per 100,000% (1). Among them, CRC was the third most common cancer in
males and the second in females (2). The treatments of CRC include surgery,
chemotherapy, radiotherapy, surgery, targeted therapy and immunotherapy (3-8).
Nowadays, radical surgery is the cornerstone treatment of CRC (9, 10), which not
only can treat cancer, but also help in the improvement of some comorbidities (11, 12).

Red blood cell distribution width (RDW) is a hematological parameter which can be
divided into two types as follows: RDW standard deviation (RDW-SD) and RDW
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coefficient of variation (RDW-CV), whose unit was FL and %,
respectively (13). RDW can reflect the heterogeneity of red
blood cell size (14), and it has been applied to predict anemia,
chronic inflammation and cardiovascular disease (15-18).
Recent studies reported that RDW could predict the prognosis
of patients with esophageal cancer, gastric cancer and liver
cancer (19-22).

Some studies reported the relationship between RDW and
CRC patients as well, however, whether RDW could affect the
prognosis of CRC was controversial (13-26). Furthermore, the
prognostic value of RDW-SD and RDW-CV might be
inconsistent. Thus, it is necessary to analyze the exact impact
of RDW (RDW-SD and RDW-CV) on CRC.

Methods

This meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (27).

Literature search strategy

Two authors conducted the searching strategy in three
databases including the PubMed, Embase and Cochrane
Library independently. The searching date was May 07, 2022.
As for RDW, the searching strategy included: “red blood cell
distribution width” OR “red cell distribution width” OR
“RDW”; As for CRC, the searching strategy included:
“colorectal cancer” OR “colon cancer” OR “rectal cancer” OR
“colorectal neoplasm” OR “colon neoplasm” OR “rectal
neoplasm” OR “colorectal tumor” OR “colon tumor” OR
“rectal tumor”. The language was limited to English and the
searching scope was limited to titles and abstracts.

Inclusion and exclusion criteria

The inclusion criteria were as follows: 1, CRC patients who
underwent primary and radical surgery; 2, Pre-operative RDW
(RDW-CV or RDW-SD) was tested; and 3, Overall survival
(OS), disease-free survival (DFS) or cancer-specific survival
(CSS) was reported. The exclusion criteria were as follows: 1,
The type of article was letters, case reports, comments, reviews,
or conference; 2, Repeated or overlapped data; and 3, Insufficient
data reporting the prognosis including OS, DFS or CSS.

Study selection

Two authors conducted the study selection independently.
Firstly, the titles and abstracts were looked through by authors
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to find potentially relevant studies; Secondly, the full texts
were read and discussed by the two authors based on the
inclusion and exclusion criteria. If there was a disagreement,
another author was due to make a final judgment.

Data extraction

The data were extracted by two authors. The extracted
article information included the first author, publishing
country and publishing year. The extracted patients’ data
included RDW type, sample size, cut-off value of RDW, OS,
DFS and CSS.

Clinical characteristics

As for clinical-pathological characteristics, two authors
collected the data independently. The third author was
responsible for checking the information to ensure their
accuracy and completeness. Only variables which were
reported by more than two studies were allowed. The baseline
characteristics included age, gender, carcinoembryonic antigen
(CEA), tumor location, histological differentiation, Tumor
Node (TNM)
adjuvant chemotherapy.

Metastasis stage, vascular invasion, and

Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to evaluate the
quality of the included studies (28). The score equaled 9 points
represented high quality, the score equaled 7 or 8 points
represented medium-quality and the score which was less
than 7 points represented low quality.

Statistical analysis

In this meta-analysis, we focused on the prognosis. Pooled
hazard ratios (HRs) and 95% confidence intervals (CIs) were
calculated for OS, DES and CSS. The I? value and the results
of the chi-squared test were used to assess the statistical
heterogeneity (29, 30). High heterogeneity was considered
when I?>50%; in such cases, the random effects model was
used, and P<0.1 was considered statistically significant. The
fixed effects model was used when I?°<50%, and P < 0.05 was
considered statistically significant. This meta-analysis was
performed with RevMan 5.3 (The Cochrane Collaboration,
London, United Kingdom).
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Results
Study selection

A total of 76 studies were found in the databases, including
25 studies in the PubMed, 50 studies in the Embase and 1 study
in the Cochrane Library. Finally, seven studies (23-26, 31-33)
were included for final analysis. The flow chart of the study
selection was shown in Figure 1.

Baseline characteristics

Seven studies included 7,541 patients were included in this
meta-analysis. The publication year ranged from 2018 to 2022.
Two studies were from China, two studies were from Japan, one
study was from Italy, one study was from United Kingdom and
one study was from Switzerland. The study date was from 2001
to 2020. Three studies reported RDW-SD and five studies

10.3389/fsurg.2022.945126

reported RDW-CV. The cut-off values and NOS were shown
in Table 1.

Clinical characteristics

After pooling up the odds ratio and 95% CI, there were
more older patients, higher CEA level, and more TNM stage
II in the high RDW group than in the low RDW group.
Other characteristics including gender, tumor location,
histological differentiation, TNM stage III, vascular invasion,
and adjuvant chemotherapy were not significantly different
between the two groups (Table 2).

OS of RDW

Four studies reported OS of RDW-CV, after pooling up the
HRs, RDW-CV was not an independent prognostic factor of OS

Cochrane Library)

Records identified in database (n=76)
(25 studies in PubMed, 50 studies
in Embase and 1 studies in the

|[dentification

!

(n=53)

Records after duplicates removed

!

Screening

(n=53)

Records screened

Records excluded
(n=39)

Y

(n=14)

Full-text accessed for eligibility

Studies excluded
(n=7)

Fligibility

Y

(n=7)

Study for qualitative synthesis

Y

Included

(n=7)

Study included in qualitative synthesis

FIGURE 1
Flowchart of study selection.
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TABLE 1 Baseline characteristics of included studies.

10.3389/fsurg.2022.945126

Author Year Country Study date  Patients RDW type Sample size  Cut-off volume  NOS
Ide S 2020 Japan 2001-2017 RC RDW-SD 120 47.111 7
Pedrazzani C 2020 Ttaly 2005-2016 CRC RDW-CV 591 14.1% 8
McSorley ST 2019 United Kingdom 2008-2017 CRC RDW-CV 824 NA 8
Chen WC 2022 China 2016-2019 CRC RDW-SD 143 12.6 fl 7
Sato R 2022 Japan 2013-2020 CRC RDW-CV 85 13.8% 7
Cheng KC 2022 Switzerland 2004-2018 CRC RDW-CV 5153 13.8% 8
Zhang XB 2018 China 2009-2014 RC RDW-CV/RDW-SD 625 14.1%/48.2 fl 8
Abbreviations: RDW, red blood cell distribution width; NA, not applicable; NOS, Newcastle-Ottawa Scales; RC, rectal cancer; CRC, colorectal cancer.
TABLE 2 Summary of characteristics between high RDW group and Low RDW group.
Characteristics Studies Participants (High RDW/Low RDW) Odds Ratio [95% CI] Model Heterogeneity
Age

Younger 2 312/398 Reference Reference Reference

Older 2 312/398 2.13 [1.57, 2.90]; P =0.00 FE I?=0.00%; P=0.93
Gender

Female 3 2496/3367 Reference Reference Reference

Male 3 2496/3367 1.02 [0.42, 2.51]; P=0.96 RE I? =95.38%; P =0.00
CEA

<5 3 1755/2300 Reference Reference Reference

>5 3 1755/2300 1.60 [1.39, 1.85]; P =0.00 FE I?=0.00%; P=0.90
Tumor location

Right colon 2 1201/2988 Reference Reference Reference

Left colon 2 1201/2988 0.56 [0.31, 1.02]; P =0.06 FE I? = 47.80%; P=0.17
Histological differentiation

Well or moderate 3 2244/2988 Reference Reference Reference

Poor 3 2244/2988 1.37 [0.83, 2.26]; P=0.22 FE I>=12.59%; P=0.32
TNM stage

1 2 2449/3329 Reference Reference Reference

11 2 2449/3329 2.20 [1.68, 2.87]; P =0.00 FE I? = 47.82%; P=0.17

111 2 2449/3329 1.39 [0.94, 2.07]; P=0.10 FE I? = 0.00%; P=0.80
Vascular invasion 2 312/398 0.71 [0.28, 1.78]; P =0.47 RE I? =60.80%; P=0.11
Adjuvant chemotherapy 2 312/398 2.10 [0.74, 6.01]; P=0.17 RE I? = 81.24%; P=0.02

Abbreviations: RDW, red blood cell distribution width; Cl, confidence intervals; CEA, carcinoembryonic antigen; TNM, Tumor Node Metastasis.

(HR=148, I*=90%,
(Figure 2a).
Three studies reported OS of RDW-SD, after pooling up the

HRs, RDW-CV was an independent prognostic factor of OS

95% CI=093 to 236, P=0.10)

(HR=199, I*=0%, 95% CI=159 to 249, P<0.01)
(Figure 2b).
DFS of RDW

Then, we conducted meta-analysis of RDW (RDW-CV/
RDW-SD) on DFES. We found that RDW-CV (HR =151, [*=
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83%, 95% CI=0.94 to 243, P=0.09<0.10) and RDW-SD
(HR=1.77, I*’=56%, 95% CI=0.91 to 3.43, P=0.09<0.10)
were both independent prognostic factors of DES (Figures 3A,B).

CSS of RDW

Four studies reported RDW-CV on the prognostic roles on
CSS, and we found that RDW-CV was not an independent
prognostic factor (HR =1.23, I=95%, 95% CI=0.72 to 2.10,
P=0.46) (Figure 4). However, no information was found
about RDW-SD on the prognostic roles on CSS.
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OS of RDW-CV
Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Cheng KC 2022 0.8879 0.0625 28.1% 2.43 [2.15, 2.75] L
McSorley ST 2019 0.0677 0.244 22.1% 1.07 [0.66, 1.73] —E
Pedrazzani C 2020 0.157 0.1571 25.5% 1.17 [0.86, 1.59] T
Zhang X 2018 0.3556 0.1902 24.3% 1.43[0.98, 2.07] a
Total (95% CI) 100.0% 1.48 [0.93, 2.36] ‘
e 2 _ . 2 _ _ g, ! } } |
_II-_Iete:cogeneltyl.sz;Fl = 230],. (Gizl P—_S(()).fg, df = 3 (P < 0.00001); I = 90% 001 o1 0 100
est for overall effect: Z = 1.64 (P = 0.10) Favours [Higher RDW-CV] Favours [Lower RDW-CV]
a
OS of RDW-SD
Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Chen W 2022 0.7178 0.146 61.8% 2.05 [1.54,2.73] .
Ide S 2020 1.1787 0.4559 6.3% 3.25[1.33, 7.94]
Zhang X 2018 0.5312 0.2033 31.9% 1.70[1.14, 2.53] —
Total (95% CI) 100.0% 1.99 [1.59, 2.49] <
e 2 _ = - S 12 = 09 I + t d
T
estioroverall-eect: L= os = U Favours [Higher RDW-SD] Favours [Lower RDW-SD]
FIGURE 2
Os of RDW. (A) OS of RDW-CV; (B) OS od RDW-SD. Abbreviations: OS, overall survival; RDW, red blood cell distribution width.
DFS of RDW-CV
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Cheng KC 2022 0.7793 0.0569 43.1% 2.18[1.95, 2.44] |
Sato R 2022 -0.4005 0.3932 20.5% 0.67 [0.31, 1.45] —
Zhang X 2018 0.4357 0.1677 36.5% 1.55! [1.11, 2.15] i
Total (95% CI) 100.0% 1.51 [0.94, 2.43] >
ity 2 . 5 2 — — 212 = I : } |
_I;Ieterfogeneltyl.lTir = (Z)i31, (7:(|’;I P—_lg.gs, df = 2 (P = 0.002); I° = 83% 001 o1 10 100
est for overall effect: Z = 1.70 (P = 0.09) Favours [Higher RDW-CV] Favours [Lower RDW-CV]
a
DFS of RDW-SD
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Ide S 2020 1.0296 0.4281 35.2% 2.80[1.21, 6.48] — &
Zhang X 2018 0.3228 0.1882 64.8%  1.38[0.95, 2.00] L
Total (95% CI) 100.0% 1.77 [0.91, 3.43] Ea—
A - . 2y e = 12 = I + t J
?eterfogeneltyl.lT?;J = gi41, (égl P—_Z(.)Zgédf =1 (P =0.13); I° = 56% b0l o1 10 100
est for overall effect: Z = 1.69 (P = 0.09) Favours [Higher RDW-SD] Favours [Lower RDW-SD]
FIGURE 3
DFS of RDW. (A) DFS of RDW-CV; (B) DFS od RDW-SD. Abbreviations: DFS, disease-free survival; RDW, red blood cell distribution width.

Sensitivity analysis

Repeated meta-analysis was performed by excluding one
study at a time, and the exclusion of any one study did not
significantly alter the results.
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Discussion
A total of seven studies involving 7541 patients were

included in this meta-analysis. After pooling up the HRs,
RDW-CV was not an independent prognostic factor of OS,
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Test for overall effect: Z = 0.74 (P = 0.46)

FIGURE 4

CSS of RDW-CV

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Cheng KC 2022 0.8796 0.1029 29.2% 2.41[1.97, 2.95] -
McSorley ST 2019 0.0583 0.0349 30.3% 1.06 [0.99, 1.14]
Pedrazzani C 2020 -0.0888 0.1824 26.9% 0.92 [0.64, 1.31]
Sato R 2022 -0.3425 0.5534 13.6% 0.71 [0.24, 2.10]
Total (95% CI) 100.0% 1.23 [0.72, 2.10]

Heterogeneity: Tau? = 0.25; Chi? = 59.44, df = 3 (P < 0.00001); I> = 95%

CSS of RDW-CV. Abbreviations: CSS, cancer-specific survival; RDW, red blood cell distribution width.

0.01 0.1 10
Favours [Higher RDW-CV] Favours [Lower RDW-CV]

100

however, RDW-SD was an independent prognostic factor of OS.
As for DFS, we found that RDW-CV and RDW-SD were both
independent prognostic factors. In terms of CSS, we found that
RDW-CV was not an independent prognostic factor. As for
clinical characteristics, the high RDW group had more older
patients, higher CEA level, and more TNM stage II than the
low RDW group.

RDW can reflect the heterogeneity of red blood cell size
(14), and the primary role of RDW is to diagnose anemia
(13). The increase of RDW could accompanied by other
cancer prognostic risk factors including age, later TNM stage
and higher tumor markers level (34, 35). Furthermore, RDW
is also associated with various diseases such as heart disease,
lung disease, and even trauma (14, 36). In addition, RDW is
also considered as an indicator for some inflammatory
(35, 36).
However, the mechanism has not been clearly demonstrated.

diseases including pancreatitis and hepatitis

Previous studies had reported the relationship between
RDW and the prognosis of CRC (23-26, 31-33). Zhang X
(23) reported that elevated RDW could be an
independent factor for non-metastatic rectal cancer; Cheng
KC et al. (37) analyzed 5,315 CRC patients and did
propensity score matching analysis, they found that RDW was
a predictor of OS, DFS and CSS. However, Pedrazzani C et al.
(25) reported that RDW did not seem to influence OS or
CSS, independently. Moreover, McSorley ST et al. (26)
reported the same results that RDW was not a predictor of

et al

prognosis. Therefore, it is necessary to analyze the exact
impact of RDW on CRC (38).

There were many factors which could affect the prognosis of
CRC, including tumor stage, tumor size, age, body mass index
(BMI), type 2 diabetes mellitus and so on (39-44). Prognostic
indicators related to blood examination included lymphocyte
count ratio (NLR), platelet count and lymphocyte count ratio
(PLR), etc (31, 45, 46). The main reason that NLR and PLR
could affect the prognosis was that they were important
markers of systemic inflammation (23,24). Furthermore, PLR
and NLR levels increased the body’s inflammatory response,
promoted tissue infiltration and angiogenesis (47). Similarly,
in our meta-analysis, RDW could also affect the prognosis of
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CRC, the mechanism might be that RDW was another
important marker of systemic inflammation as well.

Besides the systemic inflammation mechanism, RDW was
thought to reflect oxidative stress, malnutrition, dyslipidemia,
hypertension, erythrocyte fragmentation and erythropoietin
alterations (48). Furthermore, RDW correlated with plasma
markers of inflammation, such as high-sensitivity C-reactive
protein (hs-CRP) values and erythrocyte sedimentation rate (ESR)
(49). RDW was shown to reflect increased levels of circulating
cytokines, including interleukin 6 (IL-6) and tumor necrosis
factor-alpha (TNF-a) (50). Thus, these findings suggested that
increased RDW  might
malnutrition status and elevated oxidative stress, leading to the

reflect inflammatory  responses,
hypothesis that RDW was associated with poorer prognosis.

To our knowledge, previous studies had controversy about the
effect of RDW on the prognosis of CRC, and this is the first study
pooling up all the data to identify the accurate prognostic roles of
RDW on CRC patients. Some limitations existed in this study.
First, we included seven studies whose sample size was relatively
small; Second, the cut-off of RDW-CV and RDW-SD was
inconstant, which might cause inaccuracy; Third, small number
of studies reporting OS, DFS and CSS, therefore, heterogeneity
occurred, random-effects test was adopted.

In conclusion, RDW-SD was an independent prognostic
factor of OS and DFS, and RDW-CV was an independent
prognostic factor of DFS.
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Purposes: To compare perioperative outcomes of robotic
pancreaticoduodenectomy (RPD) to open pancreaticoduodenectomy (OPD)
using evidence from cohort studies.

Methods: Outcomes of interest include operative time, blood loss, RO
resection rate, lymph nodes harvested, overall complication rate, pancreatic
fistula rate, delayed gastric emptying rate and 90-day mortality.

Results: 6 prospective studies and 15 retrospective studies were included. Five
of these studies were limited to patients with pancreatic cancer. Operative time
was significantly longer in RPD (WMD: 64.60 min; 95% Cl: 26.89 to 102.21; p =
0.001). Estimated blood loss was lower in RPD (WMD: —185.44 ml; 95% ClI:
—239.66 to —131.21; p < 0.001). Overall complication rates (OR: 0.66; 95% Cl:
0.44 to 0.97; p<0.001) and pancreatic fistula rate (OR: 0.67; 95% CI: 0.55 to
0.82; p<0.001) were both lower in RPD. Length of hospital stay was longer
in OPD (WMD: —1.90; 95% Cl. —2.47 to —1.33). 90-day mortality was lower in
RPD [odds ratio (OR): 0.77; 95% ClI: 0.45 to 0.95; p = 0.025].

Conclusion: At current level of evidence, RPD is a safer alternative than OPD
with regard to post-operative outcomes and blood loss. However, in terms
of oncological outcomes RPD show no advantage over OPD, and the cost
of RPD was higher. In general, RPD is now considered a reliable technology,
but high-quality randomized controlled trial (RCT) studies are still needed to
support this conclusion.

KEYWORDS

robotic pancreaticoduodenectomy, open pancreaticoduodenectomy, pancreatic
cancer, outcome, meta-analysis

1. Introduction

Pancreaticoduodenectomy (PD) has been universally accepted to be indicated in
benign or malignant lesions of the pancreatic head, duodenum, and distal common
bile duct. In 1994, Gagner reported the first laparoscopic pancreaticoduodenectomy,
since when minimally invasive pancreaticoduodenectomy (MIPD) are increasingly
being performed over the world (1). The development of the Da Vinci robotic
platform takes MIPD a step further. Laparoscopic surgery has some shortcomings
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compared to robotic surgery, including limited vision and
flexibility. And this contributed to the popularity of robotic
surgery over the world (2). The first case of robotic-assistant
pancreaticoduodenectomy (RAPD) was reported in 2007, and
since then many studies have compared the safety and efficacy
between open pancreaticoduodenectomy (OPD) and robotic
pancreaticoduodenectomy (RPD). There have been several
meta-analyses evaluating the effect between OPD and RPD.
However, robotic surgery technology developed rapidly in
these years, and the studies used in the existing meta-analyses
are not new enough. Therefore, we focused on those studies
published in the last 5 years (in or after 2016) to provide
high-quality evidence for further clinical practice.

2. Methods
2.1. Literature-search strategy

A systematic review of the literature was performed in
PubMed and Web of Science from January 2016 to October
2021. These key words were used: robot, robotic, robotic-
assisted, open, and pancreaticoduodenectomy. Studies
included should fulfill the following PICOS criteria in our
meta-analyses. P (patients): Male or female patients with a
benign or malignant disease that requires elective PD; I
(intervention): RPD; C (control): OPD; O (outcome): At least
1 of the interested outcomes; S (study design): randomized
controlled trials (RCTs) and observative studies.

References of the acquired articles were manually searched
to broaden the search. When multiple researches describing
the same population were published, the most complete or
recent research was used.

2.2. Inclusion and exclusion criteria

The inclusion criteria were as followed: (1) comparative
study of RPD and OPD; (2) papers written in English; (3)
papers published in or after 2016. Abstracts, case reports,
reviews, letters to the editor, non-comparative studies, and
articles without available data were excluded.

2.3. Data extraction and outcome
of interest

All references were reviewed and evaluated by two
researchers independently. Only full-length articles were
eligible for extraction. The following data of included articles
were extracted: first author, year of publication, study design,
number of operated subjects, operative time, blood loss, RO
resection rate, lymph nodes harvested, overall complication
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rate, pancreatic fistula rate, delayed gastric emptying and
90-day mortality.

2.4. Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to evaluate
the methodological quality of non-randomized studies. Scores
of each observational study range from 0 to 9, and studies
having six or more stars were considered to be high-quality
studies.

2.5. Statistical analysis

This meta-analysis was performed using Stata MP 16.0
software. The odds ratios (OR) and the weighted mean
difference (WMD) with a 95% confidence interval (95% CI)
were used to estimate dichotomous and continuous variables,
respectively. p<0.05 was considered statistically significant.
For studies that reported continuous data as median and
range values (or quartile and median), the standard deviations
were calculated using the method described by Luo et al. (3).
Heterogeneity was evaluated by the Chi-square test, and p <
0.100 was considered significant. I* values were used for the
evaluation of statistical heterogeneity. An I value of 50% or
more indicated the presence of heterogeneity. The fixed effect
model (FEM) and random effect model (REM) were used
based on the value of I”. FEM was used in the case of I* <
50% while REM was adopted in the case of I*>50%.

3. Result
3.1. Literature-search results

The first search strategy generated 518 studies. 21 articles
including 5,756 patients (2,561 cases for RPD and 3,285 cases
for OPD) fulfilled the predefined inclusion criteria and were
included in this meta-analysis (4-24). All studies were non-
RCTs, of which 6 studies were prospective while 15 studies
were retrospective. The selection process is shown in Figure 1.

3.2. Study characteristics and quality
assessment

The study characteristics and study quality are shown in
Table 1. We screened articles published in 2016 and beyond.
This is a worldwide meta-analysis, in which eight articles are
from America, six articles are from China, four articles are from
Italy, two articles are from Korea, and one article is from Spain.
In most studies the robotic surgery group carried out RPD,
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FIGURE 1
Flow diagram of the selection progress.

while in four studies RAPD were used, where robots were only
involved in some parts of the surgery. In five studies patients
were limited to pancreatic cancer, while in other studies the
indication for surgery were wide, including benign and
malignant disease. All the studies were of high quality according
to the Newcastle-Ottawa Scale (NOS) (Supplementary Table S1).

Patients’ baseline characteristics are summarized in Table 2.

3.3. Meta-analysis results

All 21 studies were included in this meta-analysis. The
summarized result of meta-analysis is shown in Table 3.
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3.3.1. Intraoperative outcomes

3.3.1.1. Operative time

Operative time was reported in 17 studies (1,924 RPD vs. 2,690
OPD). According to the results of this meta-analysis, operative
time was significantly longer in RPD group (WMD: 64.60 min;
95% CI: 26.89 to 102.21; p=0.001), with high heterogeneity
(I* = 97.8%; Tau® = 2133.45) in the REM (Figure 2A).

3.3.1.2. Estimated blood loss

Estimated blood loss was reported in 14 studies (1,604 RPD vs.
1,583 OPD) and was significantly lower in RPD (WMD:
—185.44 ml; 95% CI: —239.66 to —131.21; p < 0.001) with high
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TABLE 1 Characteristics of the included studies and quality assessment.

10.3389/fsurg.2022.989065

Article Country  Design Number of Number of Quality Robotic Indication for surgery
patients patients (open) score technique (benign or malignant
(robotic) disease)
Emanuele Ttaly Retrospective 24 26 6 RPD M
2018
Hassan 2021  America Retrospective 310 310 8 RPD M
Shyr 2021 China Prospective 65 65 6 RPD M
Maria 2020 America Retrospective 38 38 7 RPD M
Weng 2020 China Retrospective 105 210 8 RAPD M
Amer 2016 America Retrospective 211 817 6 RPD B&M
Matthew America Retrospective 152 152 7 RPD B&M
2016
Mejia 2020 America Retrospective 102 54 6 RPD B&M
Wang 2018 China Prospective 87 87 8 RPD B&M
Kim 2018 Korea Retrospective 51 186 7 RPD B&M
Varley 2018  America Retrospective 133 149 7 RPD B&M
Cai 2019 America Prospective 460 405 8 RPD B&M
Paolini 2021  Ttaly Retrospective 65 53 6 RPD B&M
Benedetto Spain Prospective 17 17 7 RPD B&M
2018
Marino Ttaly Prospective 35 35 8 RAPD B&M
2019
Shi 2021 China Retrospective 187 187 8 RAPD B&M
Bencini Ttaly Retrospective 35 35 8 RPD B&M
2020
Hyeyeon Korea Retrospective 55 55 7 RAPD B&M
2020
Oosten 2020  America Retrospective 96 192 8 RPD B&M
Shyr 2020 China Retrospective 284 169 6 RPD B&M
Wang 2021 China Prospective 49 43 7 RPD B&M

among-study statistical heterogeneity (I>=92.7%; Tau’=
3152.37) (Figure 2B).

3.3.2. Oncological outcomes

3.3.2.1. Lymph nodes harvested

13 studies reported the results of lymph nodes harvested (1,337
RPD vs. 1,699 OPD). No statistically significant differences were
found between the two groups (WMD: 1.13; 95% CI: —0.27 to
2.54; p=0.115), with a high heterogeneity (I* = 82.8%, Tau® =
4.69) in the REM (Figure 3A).

3.3.2.2. Lymph nodes harvested (in pancreatic cancer)
Four studies reporting the results of lymph nodes harvested are
limited in pancreatic cancer patients (518 RPD vs. 623 OPD).
No statistically significant differences were found between the
two groups (WMD: 0.4; 95% CI: —0.59 to 1.40; p =0.425),
with a low heterogeneity (I* = 0%) in the FEM (Figure 3B).

3.3.2.3. RO resection
Ten studies reported the results of lymph nodes harvested (955
RPD vs. 1,026 OPD). No statistically significant differences were
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found between the two groups (OR: 1.02; 95% CI: 0.79 to 1.30;
p=0.889), with a low heterogeneity (I*=0%) in the FEM
(Figure 3C).

3.3.3. Post-operative outcomes

3.3.3.1. Overall complication rates

Overall complication rate was reported in 13 studies (1,192 RPD
vs. 1,856 OPD) and was significantly lower in RPD (OR: 0.66;
95% CI: 044 to 0.97; p<0.001) with high among-study
statistical heterogeneity (I*=76.2%; Tau®=0.3524) in the
REM (Figure 4A).

3.3.3.2. Pancreatic fistula

Pancreatic fistula was reported in 13 studies (1,938 RPD vs.
2,104 OPD) and was significantly lower in RPD (OR: 0.67;
95% CIL 0.55 to 0.82; p<0.001) with low among-study
statistical heterogeneity (I =26.9%) in the FEM (Figure 4B).

3.3.3.3. Delayed gastric emptying
Thirteen studies reported the results of delayed gastric emptying
(1,055 RPD vs. 1,257 OPD). No statistically significant
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TABLE 2 Comparison of patients’ baseline characteristics in robotic vs. open pancreaticoduodenectomy.

10.3389/fsurg.2022.989065

Article Age (years) Gender BMI Tumor diameter Preoperative CA 199
(male) (%) (cm)
RPD OPD RPD OPD RPD OPD RPD OPD RPD OPD
Emanuele 65 (58.5— 72.5 (59.75- 50.0 54.1 23.1+32 24.1+3.1 2.7+0.6 2709 353.3 +£528.6 1362.7 + 4497
2018 74.75) 78.75)
Hassan 2021 66+21.3 68.1+19.3 50.1 51.1 NM NM NM NM NM NM
Shyr 2021 66+13 66+ 11 52.3 40.0 24+4 22+3 3108 31+0.7 NM NM
Maria 2020 66 (38-84)" 68 (42-81)* 42.1 42.1 24.7 (19.6— 25.7 (15.8- 3 (0.5-6)* 2.9 (0.9-7)* NM NM
39.1)* 44.8)*
Weng 2020 63 (57-68) 64 (58-70) 61.7 65.9 22.8+28 226+3.1 3(2.2-3.5) 3.0 (2.3- 144.4 (40.1- 153.4 (46.0—
3.8) 375.4) 505.2)
Amer 2016 67 (15-86)* 65 (15-93)* 52.9 55.5 27.5 (18.1- 26.1 (14.7- 25 (0.1- 2.9 (0-5.0)° NM NM
47.6)* 85.5)* 26.0)*
Matthew NM NM NM NM NM NM NM NM NM NM
2016
Mejia 2020 66 +10.6 61.7 +14.1 52 55.6 NM NM 34+16 37x21 NM NM
Wang 2018 NM NM 50 56.7 NM NM NM NM NM NM
Kim 2018 60.7+11.9 65.4+10.1 47.1 58.1 227+25 240+3.1 NM NM NM NM
Varley 2018 66.3 +10.6 67.0+10.5 48 53 27.5+6.1 26.7+5.6 NM NM NM NM
Cai 2019 66.5+11.0 67.5+10.7 55 52.1 27.8+58 27.2+59 NM NM NM NM
Paolini 2021 70 (42-85)* 73 (45-91)* 50.9 53.8 26 (17-33)* 23 (14-33)* 2.3 (0.7-6)* 2.5 (0.6- 85.0 (1.6- 1323 (1.6-
8.2)* 1,617.0)* 91,000.0)*
Benedetto 66.8 +9.5 61.4+11.9 47.1 58.8 23.8+4.1 24.6 £3.36 241+54 248+6.1 NM NM
2018
Marino 2019 60.4 (43— 62.3 (45-73)% 54.3 429 23.8 (19.4- 23.5 (18.8- 2.35 (1.6- 222 (1.2- NM NM
72)* 30.9)* 28.1)* 3.4)* 3.5)*
Shi 2021 609+11.4 60.1 +10.8 58.3 57.2 NM NM 27+1.1 27%13 NM NM
Bencini 2020 70.5 (42— 69 (50-88)° 56.3 457 26 (18-32) 24 (18-38)* 30 (18-40)* 37 (2-51)° 143 (2-1,617)* 70 (2-2,617)*
85)*
Hyeyeon 58.6+8.3 599+134 47.3 54.5 23.7+28 239+3.6 2612 26%1.8 NM NM
2020
Oosten 2020 67 (60-73) 67 (58-73) NM NM 26 (23-30) 27 (23-29) NM NM NM NM
Shyr 2020 65+12 64+11 53.3 53.5 24+4 23+3 32%15 37%25 NM NM
Wang 2021 64.7+11.8 64.8+11.6 51.9 53.4 27.7+5.6 274+58 NM NM NM NM
BMI, body mass index; expressed in mean + SD and median (IQR).
?Expressed in median (range).
TABLE 3 Outcomes of the included studies.
Outcomes Studies, n RPD OPD WMD/OR (95% CI) p value Heterogeneity
r Tau®
Intraoperative outcomes
Operative time 17 1,924 2,690 64.60 (26.89 to 102.21) 0.001 0.978
Estimated blood loss 14 1,604 1,583 —185.44 (—239.66 to —131.21) <0.001 0.927
Oncological outcomes
Lymph nodes harvested 13 1,337 1,699 1.13 (—0.27 to 2.54) 0.115 0.828 4.69
RO resection 10 955 1,026 1.02 (0.79 to 1.30) 0.889 0 n
Post-operative outcomes
Overall complication rates 13 1,192 1,856 0.66 (0.44 to 0.97) <0.001 0.762 0.3524
Pancreatic fistula 13 1,938 2,104 0.67 (0.55 to 0.82) <0.001 0.269 n
Length of stay 20 2,496 3,220 —1.90 (-2.47 to —1.33) <0.001 0.685 0.6432
90-day mortality 12 1,841 2,591 0.77 (0.45 to 0.95) 0.025 0.038 n
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A

%
reserach nRPD mean-RPD  SD-RPD nOPD mean-OPD  SD-OPD Effect (95% CI) Weight
Emanuele 2018 2 535 8176 2% ans 1402 _— 65.00 (1.96, 128.04) 530
Shyr 2021 65 510 120 65 462 120 —_—— 48.00 (6.74,89.26) 579
Maria 2020 38 3705 24037 38 3827 25424 % - 1220 (-123.44, 99.04) 403
Amer 2016 21 407 7775 817 304 115.65 : - 103.00 (89.85, 116.15) 618
Kim 2018 51 336 694 186 3301 918 —fo— 1 550 (-17.67, 28.67) 608
Varley 2018 133 393 4 149 432 129 —— ! -39.00 (-63.50, -14.50) 607
cai2019 460 3762 69.16 405 406 126.48 —— : -29.80 (-43.64, -15.96) 618
Paolini 2021 65 5463 629 53 3351 98.19 1 ——— 21120 (180,66, 24174) 598
Benedetto 2018 17 594 66 17 413 62 : —_—— 181.00 (137.95, 224.05) 576
Shi 2021 187 2797 763 187 2082 783 —p— f 18,50 (-34.17, -2.83) 6.16
Bencini 2020 35 5305 6063 35 3475 82.02 1 —_—— 183.00 (149.21, 216.79) 593
Lee 2021 49 2885 611 43 2n2 5445 —+—— : 16.50 (-7.11, 40.11) 608
Weng 2020 105 3035 8268 210 2895 67.18 T 1 14.00 (-4.24, 3224) 614
Hyeyeon 2020 55 4145 704 55 2447 513 ! —_—— 169.80 (146.78, 192.82) 609
Oosten 2020 % 4172 103.11 192 3387 100.84 : —_— 141,50 (116.42, 166.58) 606
Shyr 2020 284 468 126 169 438 108 —_—— 30.00 (8.09, 51.91) 610
Wang 2021 49 2885 611 43 m 5445 ——— 1 16.50 (-7.11, 40.11) 608
Overall, DL (I = 97.8%, p = 0.000) <> 64,60 (26.98, 10221) 100.00
B I I

-200 0 200

%
study nRPD meanRPD  SD-RPD n-OPD mean-OPD  SD-OPD Effect (95% Cl) Weight
Emanuele 2018 2% 785.1 859.06 2 9446 670.06 -159.50 (584,82, 265.62) 136
Shyr 2021 65 251 210 65 562 368 -311.00(-414.00,-20800) 629
Maria 2020 38 1007 227274 38 8163 134823 & 35377 (486.42, 1193.96) 040
Amer 2016 817 339 81204 21 386 115651 -47.00 (-212.68, 118.68) 463
Mejia 2020 54 3211 3108 102 3179 3149 -56.80 (-159.79, 46.19) 629
Wang 2018 87 202 200 87 208 180 -96.00 (-15254, -39.46) 748
Varley 2018 149 207 ] 133 508 1378 -301.00(-321.82,-280.18) 805
Cai 2019 405 253 185.91 460 4984 41811 24540 (28768,-20312) 776
Benedetto 2018 17 190 916 17 394 684 -204.00 (-258.34, -149.66) 753
Marino 2019 3% 2345 7489 3 5462 844 -31170(-34908, 27432) 784
Shi 2021 187 2973 2468 187 4152 4977 -117.90 (-197 52, -38.28) 693
Weng 2020 105 3528 263.09 210 3351 22394 17.70 (4103, 76.43) 743
Hyeyeon 2020 55 274 2658 55 3205 4528 7310 (-211.86, 65.66) 531
Oosten 2020 9% 1697 17.42 192 4435 26143 27380(31761,-22999) 773
Shyr 2020 284 197 21 169 531 448 33400 (405.86,-262.14) 7.2
Wang 2021 49 823 38.19 a4 2532 115.04 70.90(206.91,-13489) 7386
Overall, DL (I° = 92.7%, p = 0.000) -185.44(:239.66,-131.21)  100.00
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FIGURE 2

Meta-analysis of intraoperative outcomes: (A) operative time. (B) Estimated blood loss.

differences were found between the two groups (OR: 0.67; 95%
CL: 038 to 1.18; p=0.165), with a high heterogeneity
(I* =51.3%, Tau® = 0.4918) in the REM (Figure 4C).

3.3.3.4. Length of stay

20 studies reported the data of length of stay (2,496 RPD vs.
3,220 OPD). The meta-analysis showed OPD has significant
longer length of stay than RPD (WMD: —1.90; 95% CI: —2.47
to —1.33; p<0.001), with a high heterogeneity (I*=68.5%,
Tau® = 0.6432) in the REM (Figure 4D).

3.3.3.5. 90-day Mortality

12 studies reported the data of 90-day mortality (1,841 RPD vs.
2,591 OPD). The meta-analysis showed RPD has significant
lower 90-day mortality than OPD (OR: 0.65; 95% CI: 0.45 to
0.95; p=0.025), with a low heterogeneity (I’=3.8%) in the
FEM (Figure 4E).

Frontiers in Surgery

116

4. Discussion

Since first RAPD was reported in 2007, RPD technology has
developed rapidly. With the improvement of equipment and
doctors gradually through the learning curve, the safety and
efficiency of RPD comparing to OPD is gradually improved.
the
Therefore, although there have been previous meta-analyses

Hence, relevant research results have timeliness.
comparing clinical outcomes between OPD and RPD, these
meta-analyses contained some former studies and can’t
sufficiently represent current situation. So, we screened articles
published after 2016 in our meta-analyses and contained
several new studies in this year in order to show the latest

RPD development as far as possible.
4.1. Findings in our meta-analyses

According to the result of our meta-analysis, RPD has a
longer operative time and lower blood loss comparing to

frontiersin.org


https://doi.org/10.3389/fsurg.2022.989065
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Fu et al. 10.3389/fsurg.2022.989065
A %
study n-RPD  mean-RPD SD-RPD n-OPD  mean-OPD SD-OPD Effect (95% ClI) Weight
Hassan 2021 310 20 10.43 310 20 819 _%H 0.00 (-1.48, 1.48) 9.82
Shyr 2021 65 18 7 65 16 6 —_——— 2.00(-0.24, 4.24) 861
Maria 2020 38 219 2619 38 206 231 :; 130(-981,1241) 140
Amer 2016 70 287 1224 448 197 154 1 _+_ 9.00(5.94, 12.06) 724
Wang 2018 87 15 7 87 13 7 -—l+_ 2.00(-0.08, 4.08) 887
Benedetto 2018 17 215 45 17 22 62 _+:_ 0.70 (-4.34,2.94) 634
Marino 2019 35 229 6.18 35 168 499 1 * 6.10(3.47.873) 795
Shi 2021 187 16.6 62 187 158 10 ——.'& 0.80(-0.89, 2.49) 951
Bencini 2020 35 245 1261 35 2 1403 ~- T 050 (-6.75, 5.75) 347
Weng 2020 105 14 677 210 14 821 —{F—O— 0.00(-1.71,1.71) 948
Hyeyeon 2020 55 149 67 55 218 12 - : -6.90 (-10.35, -3.45) 663
[
Shyr 2020 284 18 6 169 18 L —%%:J 0.00(-1.03, 1.03) 10.40
Wang 2021 49 164 229 43 157 307 - — 0.70 (-0.42, 1.82) 10.29
Overall, DL (I° = 82.8%, p = 0.000) qo 1.13(-0.27, 254) 100.00
| I
-10 0 10
B %
study n-RPD ‘mean-RPD SD-RPD n-OPD ‘mean-OPD SD-OPD Effect (95% Cl) ‘Weight
Hassan. 2021 310 20 1043 310 20 8.19 — .F 0.00 (-1.48, 1.48) 4545
Shyr 2021 65 18 7 65 16 6 E -:—h— 200 (-0.24, 4.24) 19.72
Maria 2020 38 219 26.19 38 206 231 T : 1.30 (-9.81, 12.41) 0.80
Weng 2020 105 14 6.77 210 14 821 e e 0.00 (-1.71, 1.71) 34.04
Overall, IV (I = 0.0%, p = 0.480) < b 0.40 (-0.59, 1.40) 100.00
I I
-10 0 10
c 0Odds Ratio %
study RO-RPD  noRO-RPD RO-OPD  noR0-OPD (95% CI) Weight
Hassan 2021 242 68 245 65 0.94 (064, 1.39) 4351
Shyr 2021 60 5 61 4 & 079 (0.20,3.07) 3.80
Mejia 2020 56 28 31 13 B 084 (0.38, 1.85) 10.98
Wang 2018 84 3 82 5 - 1.71(0.40,7.38) 229
Varley 2018 109 24 121 28 1.05 (0.57, 1.92) 16.67
Marino 2019 33 2 29 6 g 341 (064, 18.25) 134
Shi 2021 177 10 174 13 —_—— 1.32 (0.56, 3.10) 753
Weng 2020 93 12 187 23 —*r— 0.95 (0.45, 2.00) 1153
Hyeyeon 2020 52 3 53 2 < 0.65 (0.10, 4.08) 234
Overall, MH (I = 0.0%, p = 0.889) <> 1.02 (0.79, 1.30) 100.00
I |
0625 1 16
FIGURE 3
Meta-analysis of oncological outcomes: (A) lymph nodes harvested. (B) Lymph nodes harvested (in pancreatic cancer). (C) RO resection.

OPD, which is also supported by previous researches. As a
significant advantage of robotic surgery, RPD showed a
lower blood loss. And it may be explained by high-quality
three-dimensional (3-D), optical 10-15 magnification vision,
and greater precision (25). Multiple factors may lead to the
longer operative time in RPD. On one hand, the long time
for preparation of machine before operation resulted in a
longer operative time. On the other hand, surgeons in these
studies not passing through the learning curve may also
contribute to longer operative time. What deserve attention
is that the result of operative time and estimated blood loss
showed high heterogeneity. According to the forest plot of
operative time (Figure 2A), most studies raised up that
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operative time was higher in RPD group, but four studies
reached the opposite conclusion (7, 14, 15, 19). Many
factors can affect the operation time, of which the most
important factor is the proficiency of the surgeon. In
addition, the equipment of the center and the surgery team
also influence the operative time. The heterogeneity of
estimated blood loss was also high (I>=0.927). One study
showed obvious different conclusion comparing with other
studies (7). It’s obvious that the exclusion of this study will
not influence the conclusion of our article. Blood loss can
be affected by the proficiency of the surgeon and the
condition of the patients (e.g., the location and kind of
cancer).
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FIGURE 4
Meta-analysis of post-operative outcomes: (A) overall complication rates. (B) Pancreatic fistula. (C) Delayed gastric emptying. (D) Length of stay.
(E) 90-day mortality.
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Lymph nodes harvested and margin status are considered to
be consistent with prognosis of pancreatic cancer. Although
various methods of margin quantification in different studies
increase the complexity to assessment, margin status is still
recognized to have prognostic significance for overall survival
of pancreatic ductal adenocarcinoma (PDAC) in PD (26).
Similarly, the number of lymph nodes harvested also plays a
role in the reveal of prognostic performance (27). Historically,
a mass of researches on OPD and RPD compared their
differences in margin status, and previous meta-analysis also
counted the oncological outcomes of the two groups. Except
the meta-analysis of Dong et al. demonstrated that the RPD
group has a larger number of lymph nodes harvested and a
lower resection margin involvement rate, another two meta-
analyses early and this meta-analysis all reveal that there is no
difference of those oncological outcomes in the two groups
(28-30). The heterogeneity of lymph nodes harvested and
overall complication rate is high. The composition of patients’
tumor varies in different studies, which may lead to the
heterogeneity of lymph nodes harvested. Besides, different
operation centers may have different diagnostic criteria and
definition for post-operative complications, causing the
heterogeneity of overall complication rate.

Furthermore, we analyzed the oncological outcomes in
studies limited to pancreatic cancer. Five studies analyzed
patients with only pancreatic cancer, and other studies
contained patients with kinds of disease which accepted RPD
or OPD. In most studies, patients accepted PD because of
different diseases, including pancreatic cancer, ampullary
adenocarcinoma, and neuroendocrine tumor. Obviously, the
malignancy of these tumors is different, reducing the
credibility of the comparison of the prognosis indicator
between OPD and RPD.

Of the five studies limited to pancreatic cancer, four
involved lymph nodes harvested, and analysis of these four
articles also showed no difference in RPD and OPD groups.
Only two articles limited in pancreatic cancer mentioned RO
resection which is too few to analyze. Comparing the results
of the two meta-analyses, no different conclusions were reached.

The safety of RPD has been proved in previous studies. As
expected, our meta-analysis revealed that clinical outcomes
favor RPD, including overall complication rates, pancreatic
fistula rate, and length of hospital stay. Besides, different from
the previous meta-analysis, this meta-analysis demonstrated
that 90-day mortality also favors RPD.

4.2. Strengths

The safety and efficiency of RPD comparing to OPD is
gradually improved, owing to the improvement of equipment
and doctors gradually through the learning curve. This is the
latest meta-analyses that included all eligible studies published
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in these 5 years. The number of studies is one strength of our
article. Furthermore, to our knowledge, this is the first meta-
analyses and systematic review that included all studies
limited to patients with pancreatic cancer.

4.3. Limitations

Although we found 5 studies researching RPD and OPD in
pancreatic cancer patients, most studies mix patients with
various diseases together for analysis, making it impossible to
conduct subgroup analysis. Besides, lack of RCTs in our
meta-analysis is another limitation.

4.4. Implications for clinical practice

This meta-analysis found that RPD showed lower blood
loss, overall complication rates, pancreatic fistula, and 90-day
mortality compared with OPD. Besides, length of hospital stay
was shorter in RPD. Although the operative time is longer in
RPD group, and there were no differences in RO resection and
lymph nodes harvested, RPD has shown benefits over OPD
and seemed to be proposed as an equivalent alternative to
OPD. However, all the current studies about OPD and RPD
are not RCTs, and high-quality studies are still needed. In
addition, centers with the ability to perform a sufficient
number of surgeries and professional surgeons who have
overcome the learning curve are essential for successful
implementation of RPD. What's more, RPD costs much
higher than OPD, which is also an important factor in the
choice of surgical methods.
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Introduction: Malignant and giant pelvic tumors are complex and rare, and
hemipelvectomies are complex procedures performed for this malignant
lesion. Only a few studies had been conducted on the survival and
recurrence of pelvic sarcomas patients undergoing internal or external
hemipelvectomy. In the present study, we compared internal with external
hemipelvectomy in pelvic sarcomas on clinical outcomes by a meta-analysis.
Methods: The survival and recurrence rates of pelvic sarcomas patients were
collected from research reports from CNKI, MEDLINE, EMBASE, the
Cochrane Database, and Google Scholar until April 2022. The quality of
included articles was evaluated by two independent reviewers. Differences
between patients undergoing internal and external hemipelvectomy were
analyzed based on postoperative survival and recurrence rates.

Results: Five articles were included according to selection criteria. There were 183
patients in total from these studies. Our results showed that there was no significant
difference between limb salvage surgery and amputation according to survival;
however, patients with internal hemipelvectomy had a lower recurrence rate.
Conclusions: Internal hemipelvectomy results in a lower recurrence rate and similar
survival rate, while not increasing the risk of metastasis and complications. This study
provided more pieces of evidence to support internal hemipelvectomy as a favorable
treatment of pelvic sarcomas.

KEYWORDS

internal hemipelvectomy, external hemipelvectomy, five-year survival rate, meta-
analysis, local recurrence

Introduction

Hemipelvectomy is a major orthopedic surgical procedure indicated in specific
situations and regularly performed in advanced tertiary centers (1). Hemipelvectomy
is commonly performed for soft tissue and bone sarcomas of the pelvis region (2).
The reconstruction after hemipelvectomy is of importance for the later outcome and
quality of life (3). Previously treatment of these tumors has been difficult because of
the poor prognosis and the necessity for amputation (4). Hemipelvectomy involves
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the following two different approaches: external approach (with
limb approach (with limb
preservation) and further internal approaches are divided into

amputation) and internal
four subtypes based on anatomical location (3).

In recent years, the use of external hemipelvectomy for the
treatment of pelvic tumors has declined, and new surgical
techniques and efforts for resection with limb preservation
(internal hemipelvectomy) and reconstruction have been
introduced (5, 6). This major development in the medical
field demands comparisons between these two vastly different
procedures, as both procedures have their advantages and
disadvantages. Survival ~ and  complications after
hemipelvectomy might be related to several different factors,
such as tumor size and histopathology, disease stage, patient
general condition, and resection type (7). In patients with
pelvic tumors, the 5-year survival rate and recurrence are
expected to be high in number. Large tumors and bone and
vascular involvement might be indicators of poor survival (8).
A large previous study reported a survival rate of 50% after
hemipelvectomy (9). Reoccurrence and metastasis also mainly
depend upon tumor stage and resection.

There are not many studies focusing on these procedures
and analyzing their short comes and benefits. There is a need
for a study elaborating on these because of the poor quality of
life that patients suffer after this extensive surgery. We
conducted a meta-analyses survival, local

study on

reoccurrence, and metastasis in patients with pelvic tumors

10.3389/fsurg.2022.988331

addition, our study focused on whether patients undergoing
internal hemipelvectomy had a better 5-year survival rate and
less recurrence, metastasis, and complications than external
hemipelvectomy.

Through
literature,

searching more abundant
this

comprehensive conclusion in hemipelvectomy patients treated

hemipelvectomy

we conduct meta-analysis to get a
with external and internal approaches. These results will help
us to establish the most appropriate method to treat a tumor
in the pelvic region. In our study, internal hemipelvectomy
the group

hemipelvectomy as a control group.

was set as experimental and  external

Methods

This study was performed according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines (Figure 1) (10).

Literature search

PUBMED, MEDLINE, Cochrane, EMBASE, and Google
Scholar databases were searched for relevant data until April
30, 2022. The reference studies of relevant studies were also
searched on different databases. Searches were expanded to 35

undergoing internal and external hemipelvectomy. In years, because of the lack of the study published on relevant
Record Identified through Additional literatures searched
database searching (n = 97) through other sources (n = 0)
Records after duplicates removed (n = 45)
Literature screened Literatures
(n=42) > excluded (n = 22)
Full-text articles Full-text articles
assessed for —p»| excluded (n = 15)
eligibility (n = 20)
Studies included in quantitative synthesis (meta-analysis) (n =
FIGURE 1

Flow chart of studies included and excluded.
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topics. Keywords wused for searching included internal
hemipelvectomy, external hemipelvectomy, pelvic tumor,

survival, recurrence, complications, and metastasis.

Included studies

Inclusion criteria:

(1) English language studies including patients diagnosed with
pelvic tumors;

(2) Use of internal and external hemipelvectomy for pelvic

tumors; and

(3) Studies providing information on the 5-year survival rate,

recurrence rate, metastasis, and complication after these

two surgeries.

Exclusion criteria:

(1)
2)

Non-English studies;

Non-comparative studies between internal and external
hemipelvectomy;

(©)
(4)

Case reports, review, letter to the editors; and
Studies that lack adequate clinical data.

Study selection and data extraction

Outcomes were collected from the articles by three authors of
our study. The authors made a descriptive and informative table
and then collected all the data into a database. The following
data were extracted from articles according to the inclusion
criteria: the name of the first author, year of publication, design
scheme, number of patients in each group, patients’ age and
gender, and short and long-term after surgery. Data were
extracted for (a) demographic characteristics, (b) 5-year survival
rate, (c) recurrence rate (local and distant recurrence), (d)
Metastases local and distant metastases), and (e) complications
(wound complications, genitourinary complications, and flail hip).

Quality assessment and outcome
measurement

Literature focusing on similar research issues was included, and
all studies were retrospective. In this study, the authors attempted to
include randomized control trial (RCT) and prospective studies for
a better outcome of the study, but the authors could not find any
studies matching our criteria due to minimal studies published in
this section. All studies had a low bias as studies were moreover
similar with similar inclusion criteria, similar surgical procedures,
and study periods. Inconsistencies were resolved on the
assessment by the corresponding author. Quality assessment was
done by the Newcastle-Ottawa Scale (NOS) (11) and the table is
shown in the Supplementary File. In our study, the primary
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outcome was set as a 5-year survival rate and the secondary
outcomes in our study were local recurrence, metastasis, and
complications. The 5-year survival rate is defined operated patient
having a life expansion of a minimum of 5 years after surgery.

Statistical analysis

The outcome of measurement used in our study was the 5-year
survival rate, local recurrence, metastasis, and complications which
were all dichotomous data. We used the software of the Cochrane
Collaboration (ReviewManager5.2) to calculate odds ratios (ORs)
and 95% confidence intervals (CIs) for all outcomes. Statistical
heterogeneity among the included studies was defined by the I
tests. Statistically, significant heterogeneity was defined as an I
value >0.5 (12). I? illustrates the percentage of the total variability
in effect estimates among trials that is because of heterogeneity
rather than coincidence (13). Heterogeneity was defined as low,
moderate, and high based on the I square value (<40%: low; 30%-
60%: moderate; 50%-90%: substantial >75%: high). Heterogeneity
with a high I square value >50% was considered statistically
significant. A random-effects model was selected for heterogeneous
data; otherwise, a fixed-effect model was selected. Publication bias
was identified through funnel plots, which exhibited the
intervention effect from the individual study against the respective
standard error. An asymmetrical plot suggested there was no
publication bias, and any asymmetry of the plot suggests the
existence of publication bias.

Results
Study selection

In the primary study search, 97 relevant articles were retrieved
and 45 were excluded based on the exclusion criteria (Figure 1).
The abstracts of the remaining 42 were screened, and 22 were
excluded based on the exclusion criteria. After all the reviews of
the remaining 20 studies, 10 were excluded due to lacking
outcome of (n=10) and duplication in the study population
with other articles (n =5). In a word, a total of five articles were
included in the meta-analysis. Characteristics of the studies are
summarized in Table 1, and outcomes are summarized in Table 2.

Five-year survival rate and tests
for heterogeneity

Among all the eligible studies, three of the five studies reported
a 5-year survival rate. Data were recorded as patients not surviving
for 5 years and the result was moreover similar in both groups. In
the analysis of the fixed model effects, the I 2 score was 76%, thus
random-effect model was conducted. There was no significant
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TABLE 1 Characteristics of the included studies.

10.3389/fsurg.2022.988331

Studies Study period Patient number Male/Female Median age Study design  Newcastle-Ottawa  Country
Scale (NOS)
Griesser 2011 2002-2007 15 11/4 46.9 Retrospective 8 United States
Guder 2015 1999-2012 34 21/13 70.2 Retrospective 8 Germany
Guo 2011 1996-2005 60 37/23 45.5 Retrospective 8 United States
Ham 1997 1970-1995 21 14/7 43 Retrospective 8 Netherland
Huth 1988 1974-1986 53 31/22 40 Retrospective 8 United States
TABLE 2 Outcomes of the included studies.
Reference Local recurrence 5-year survival Metastatic Complications (internal/external)
internal/external internal/external internal/external . . o1
( ) ( ) ( ) Wound infection GU Flail hip
Griesser 2011 1/15 3/15 1/15 1/15
Guder 2015 3/34 29/34 5/34
Guo 2011 25/60 16/60 12/30 5/60
Ham 1997 5/21 14/21 8/21 5/21 3/21 4/21
Huth 1988 4/33 17/33 3/33

GU, Genitourinary.

heterogeneity in the comparison of 5-year overall survival between
the internal and external hemipelvectomy groups (OR = 1.15, 95%
CI0.07-18.18, P=0.93).

Recurrence rate

All five studies reported recurrence. Recurrence occurred in all
five studies either in the internal group or the external group. A
fixed-effects model of analysis was used (14). There was a
significant difference in the local recurrence rate between internal
and external hemipelvectomy, fewer recurrences were seen in the
internal group (OR=0.15, 95% CI 0.06-0.36, P <0.0001) as
shown in Figure 2. Recurrence in our study included both local
and distant recurrence.

Metastasis

Among all the eligible studies, four of the five studies reported
metastasis. In our studies, both distant and local metastases were
included in metastases titled outcome. The outcome was
moreover similar in both groups suggesting no significance
relating to this outcome (OR = 0.89, 95% CI 0.40-1.96, P=10.77)

as shown in Figure 3.
Complications

Many local and systemic complications are associated with
both these procedures; our studies only included three
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complications wound, genitourinary, and flail hip which were
moreover common in all our studies. Wound complications
were reported in four of our included studies, more
complications were associated with the external group than
the internal group (OR=0.40, 95% CI 0.15-1.05, P=0.06).
Genitourinary complications were also reported in four of our
studies but were only recorded in two studies. The I* value
was recorded as 68%, hence analysis was conducted through
random effects. The outcome was moreover similar in both
groups (OR =0.85, 95% CI 0.02-47.77, P =0.08). Flail hip was
also reported in four of our studies but only recorded in two
studies. These complications less occurred in the internal
group than external as suggested by the Forrest plot curve in
Figure 4 (OR=048, 95% CI 0.11-2.07, P=0.32). As
suggested by the P-value, there were not any significant
results, but still, there were few complications associated with
internal hemipelvectomy thus favoring the experimental group.

Sensitivity analysis

Sensitivity analyses indicated that included studies were
performed to determine the reliability of the results, with each
study removed in turn (15). The magnitude and dynamics of
the combined estimates did not have any difference markedly
with the exclusion of individual studies, indicating that the
findings of the meta-analysis are reliable and the result
obtained by conducting a meta-analysis is stable. The
statistical value when the first study was excluded (OR =0.71,
95% CI 0.01-70.38, P=0.88), when the second study was only
excluded (OR=4.56, 95% CI 0.9-23.14, P=0.07), and when
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A
Experimental Control Odds Ratio 0Odds Ratio
Study or Subgroup _ Events _ Total Events Total Weight M.H, Random, 95% CI M.H, Random, 95% CI
Guder 2015 12 13 17 21 335% 2.82(0.28, 28.52) o
Ham 1997 4 10 10 11 328% 007[0.01,0.75 ————&——
Huth 1988 16 27 1 6 337% 7.27[0.74,71.11) b
Total (95% CI) 50 38 100.0% 1.14[0.07, 18.18]) | ———Tm———
Total events 32 28
Heterogeneity. Tau*= 4.58; Chi*= 8.46, df= 2 (P=0.01), *= 76% 001 oh 10 100

Test for overall effect Z= 0.09 (P=0.93)

Favours [experimental] Favours [control)

B
Experimental Control Odds Ratio 0Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Griesser 2011 0 5 1 10 36% 058[0.02,16.72)
Guder 2015 0 13 3 2 9.8% 0.20[0.01,4.11) ¢
Guo 2011 5 30 20 30 624% 0.10(0.03,0.34 ——
Ham 1997 1 10 4 11 128% 019002215
Huth 1988 2 27 2 6 11.3% 0.16[0.02,1.48)
Total (95% CI) 85 78 100.0%  0.15[0.06, 0.36) R ol
Total events 8 30
Heterogeneity: Chi*=1.10, df= 4 (P = 0.89); F= 0% -u 0 0=1 1? 100‘

Test for overall effect: Z= 4.14 (P < 0.0001)

FIGURE 2

(A) Forest plot of comparison 5-year survival rate of internal vs. external hemipelvectomy in pelvic tumors. (B) Forest plot comparing local recurrence

of internal vs. external hemipelvectomy in pelvic tumors.

Favours [experimental] Favours [control]

Experimental Control Odds Ratio 0Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Griesser 2011 1 5 2 10 17.9% 1.00(0.07,14.64]
Guder 2015 2 13 3 21 255% 1.09([0.16, 7.59] —
Guo 2011 10 30 6 30 361% 2.00([0.62, 6.46) -1
Ham 1997 1 10 7 11 204% 0.06[0.01,0.70] ¢
Total (95% CI) 58 72 100.0% 0.75[0.18, 3.15]) -.
Total events 14 18
Heterogeneity: Tau*=1.13; Chi*= 6.52, df= 3 (P = 0.09); = 54% ‘0 0 0¢1 130 100’

Test for overall effect Z=0.40 (P = 0.69)

FIGURE 3

Forest plot of comparison metastasis of internal vs. external hemipelvectomy in pelvic tumors.

Favours [experimental] Favours [control]

the third study was only excluded (OR=0.44, 95% CI 0.01-
17.33, P=0.66). All sensitivity analysis figures are shown in
the Supplementary File.

Publication bias

Funnel plots of the local recurrence rates and 5-year survival
rates were shown in Figure 5. Funnel plots were used only in
two primary outcomes of our studies which were local
recurrence and 5-year survival rates. The findings showed that
there is no evidence of publication bias for each of the two
outcomes.
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Discussion

Malignant and giant pelvic tumors are aggressive and
difficult to resect with unfavorable outcomes. The anatomical
location makes it more complex and close and an adhered to
major visceral organ adds to its poor prognosis (16). Most
pelvic tumors are diagnosed at a late stage which also adds to
their poor prognosis (17). Limb salvage surgery for malignant
tumors of the pelvis is a formidable surgical undertaking,
both from the of
reconstruction (18). The surgeon’s primary goal is local

viewpoint surgical resection and
control of the tumor by complete resection and the secondary

goal is to preserve a functional limb (18). Many metastatic
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Funnel plot for publication bias, 4A. Five year survival rate, 4B. Local recurrence.

and malignant tumors can be observed in the pelvic region, due
to their aggressive nature or extension to adjacent structures
prognosis has been poor. Whether internal or external,
hemipelvectomies are a major operative procedure and may
be associated with significant functional impairments and
morbidity including injury to the genitourinary tract,
neurovascular injury, considerable soft tissue defects, blood
loss, wound infections, and delayed wound healing (14, 19).
Radiotherapy and chemotherapy have helped in improving
the outcome of these major procedures. Adjuvant and
neoadjuvant therapy are accepted treatments in the tumors of
the pelvis region and the study conducted by Ng et al,
justified this therapy by increasing the survival rate in Ewing
sarcoma patients (20).
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Any surgeon desires and aims to give hemipelvectomies
patients a functional and comfortable postoperative life. There
are very few studies comparing these procedures, as pelvic
tumors are rare and many patients do not choose surgery as
their treatment option due to its postoperative and financial
burden. Chondrosarcoma is the most frequent primary tumor
of the pelvis, followed by Ewing’s sarcoma and osteosarcoma
(21). Patients with these tumors seldom have desirable
outcomes regardless of undergoing surgery or not. The
survival rates in any tumor are often related to recurrence and
metastasis, in the case of Ewing sarcoma 5-year survival is
less than 10% (22). In a retrospective study by Shin et al.,
there was no significant difference between these two
procedures based on survival and complications outcomes on
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a long-term basis, and found prognosis was better in lower-
grade sarcomas (23). Survival is also influenced by older age
(17) and associated comorbidity. A reconstructive procedure
helps in maintaining joint stability but is associated with more
complications (5, 24). Minimal studies have been conducted
comparing the functional outcomes of these two procedures; a
retrospective study by Guo et al, found that internal
hemipelvectomy patients had better functional outcomes,
shorter lengths of stay, and were early ambulators (2).
Extensive muscle and soft tissue resection in external
hemipelvectomy may have been an influencing factor in
eliciting the results of this retrospective study (2). A
retrospective study done by Apffelstaedt et al., reviewed 68
external hemipelvectomies and 32 internal hemipelvectomies
and their study was focused on surgical complications and
mobility after these procedures (25). Their total mortality
rates from the surgery were 6% for external hemipelvectomies
and 9% for internal hemipelvectomies (25). With respect to
mobility, external hemipelvectomy patients as expected were
in crutches with prosthesis or without prosthesis, and among
that 9% of patients were wheelchair bound and 6% were
bedridden (25). In another study conducted by Beck et al.,
quality of life was compared using the linear analog self-
assessment (LASA) subcategory among these two procedures;
no differences were noted between groups for any parameter
with
hemipelvectomies experienced a higher level of pain (26).

except  pain  severity.  Participants external

In our study only, three studies (4, 27, 28) reported 5-year
survival rates and the outcome were moreover similar in both
groups (OR=1.15 P-value=0.93). Then in the heterogeneity
test, one large study (27) was excluded, there was apparent
heterogeneity as findings were moreover similar. In contrast
to our study, a retrospective study by Couto et al. found that
the 5-year survival rate was significantly lower in patients who
underwent external hemipelvectomy than in those who
underwent internal hemipelvectomy (P=0.043) (7). In the
context of the internal approach comparative research are
very few and hard to distinguish on an anatomical basis
which internal approach has a better prognosis, a study done
by Penna et al.,, suggested type I and III resection has good
survival outcomes (29). Local recurrence in our study was
found less in the internal group compared to the external
group (OR=0.15 P=0.89).
associated with larger tumor size and the absence of

Local recurrence may be
neoadjuvant chemotherapy (19). Metastasis was also similar to
three

complication was the most common in our meta-analysis

recurrence and among complications  wound
literature, which also corresponds to other studies (30, 31).
Internal hemipelvectomy presents an alternative procedure in
the struggle against pelvic tumors and an adequate and
tumor-free resection margin is of great value for the long-
term oncological outcome (3). External hemipelvectomy is

currently performed in specific situations of more advanced
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diseases such as failed neoadjuvant therapy, severe deep
infection, sciatic nerve, and femoral vessel infiltration, local
tumor recurrence, improvement of the resection margin, and
as a life-saving or palliative procedure could explain the
higher chances of survival in the internal hemipelvectomy
group (7).
statistical, based on less recurrence and other outcomes

Although we did not notice any significant

moreover similar in both groups, this study may suggest as
internal hemipelvectomy is a favorable procedure.

A few limitations of this meta-analysis should be illustrated.
First, the lack of detailed and verified data from original studies
made it hard to adjust estimates by age, menopausal, lifestyle,
smoking, race, and so on, while more accurate analysis needed
this kind of adjusting. Second, there was no detailed data on our
primary outcomes survival and no additional data to analyze the
functional mobility of the patients. Third, there were only
limited studies, so it is hard to get a statistically significant result.

Otherwise, our meta-analysis also has some beneficial points.
First, a systematic review of the association of survival,
recurrence, and metastasis in pelvic sarcomas patients with
internal or external hemipelvectomy treatment was statistically
more powerful than any single study. Second, all of the
retrospective studies had a high quality and conformed to our
inclusion criteria. Third, even though included studies were few
results,
highlighted the importance of limb preservation leading to

and without statistically significant our study

quality of life and encourages more literature on these rare topics.
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Background: Intraoperative blood salvage autotransfusion(IBSA) has been
widely used in a variety of surgeries, but the use of IBSA in hepatocellular
carcinoma (HCC) patients undergoing liver transplantation (LT) is controversial.
Numerous studies have reported that IBSA used during LT for HCC is not
associated with adverse oncologic outcomes. This systematic review and
meta-analysis aims to estimate the clinical prognosis of IBSA for patients
with H+CC undergoing LT.

Methods: MEDLINE, Embase, Web of Science, and Cochrane Library were
searched for articles describing IBSA in HCC patients undergoing LT from the
date of inception until May 1, 2022, and a meta-analysis was performed. Study
heterogeneity was assessed by 12 test. Publication bias was evaluated by funnel
plots, Egger’'s and Begg's test.

Results: 12 studies enrolling a total of 2253 cases (1374 IBSA and 879 non-IBSA
cases) are included in this meta-analysis. The recurrence rate(RR) at 5-year
(OR=0.75; 95%Cl, 0.59-0.95; P=0.02) and 7-year(OR=0.65; 95%Cl, 0.55-0.97;
P=0.03) in the IBSA group is slightly lower than non-IBSA group. There are no
significant differences in the 1-year RR(OR=0.77; 95% Cl, 0.56-1.06; P=0.10), 3-
years RR (OR=0.79; 95% Cl, 0.62-1.01; P=0.06),1-year overall survival outcome
(OS) (OR=0.90; 95% CI, 0.63-1.28; P=0.57), 3-year OS(OR=1.16; 95% ClI, 0.83-
1.62; P=0.38), 5-year OS(OR=1.04; 95% Cl, 0.76-1.40; P=0.82),1-year disease-
free survival rate(DFS) (OR=0.80; 95%ClI, 0.49-1.30; P=0.36), 3-year DFS
(OR=0.99; 95%Cl, 0.64-1.55; P=0.98), and 5-year DFS(OR=0.88; 95%Cl,
0.60-1.28; P=0.50). Subgroup analysis shows a difference in the use of
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leukocyte depletion filters group of 5-year RR(OR=0.73; 95%ClI, 0.55-0.96;
P=0.03). No significant differences are found in other subgroups.

Conclusions: IBSA provides comparable survival outcomes relative to
allogeneic blood transfusion and does not increase the tumor recurrence for

Systematic review registration: https://www.crd.york.ac.uk/prospero/,

hepatocellular carcinoma, intraoperative blood salvage autotransfusion, liver
transplantation, leukocyte depletion filters, treatment outcome, meta-analysis.

Wang et al.
HCC patients after LT.
identifier CRD42022295479.
KEYWORDS

Introduction

Hepatocellular carcinoma (HCC) is the most frequent
primary liver cancers, the sixth most common neoplasm, and
the third most common cause of cancer death (1). Liver
transplantation(LT) is the most curative treatment for HCC
on cirrhosis in the absence of metastases and macroscopic
vascular invasion, as it effectively treats both the tumor burden
and the underlying liver disease. Milan criteria established LT as
a valid treatment option for HCC patients with cirrhosis (2, 3).
However, elevated portal pressure, increased collateral
circulation and the hyperdynamic, dilated, thin-walled
splanchnic circulation all contribute to an increased risk of
hemorrhage during the LT which are distinct causes of
bleeding that are different from those in other surgeries (4).
Intraoperative hemorrhage has been recognized as a mortality
risk, necessitating massive blood transfusions during LT (5).

Blood transfusion could be divided into autotransfusion and
allogenic blood transfusion (ABT) based on the blood source.
Three types of autologous transfusion exist: prestored
autotransfusion, dilution autotransfusion, and intraoperative
blood salvage autotransfusion(IBSA). ABT is the primary
technique employed in conventional application, but it may
transmit hepatitis virus and human immunodeficiency virus, as
well as cause an immunological transfusion reaction (6, 7).
Noninfectious risks are also well known, such as transfusion-
associated circulatory overload and acute lung injury. In
particular, ABT may impair the immune function of tumor

Abbreviations: ABT, allogenic blood transfusion; CI, confidence interval;
DFS, disease-free survival rate; HCC, hepatocellular carcinoma; IBSA,
intraoperative blood salvage autotransfusion; LDFs, leukocyte depletion
filters; LT, liver transplantation; OR, odds ratio; OS, overall survival
outcome; PROSPERO, International Prospective Register of Systematic

Review; RCTs, randomized controlled trials; RR, the recurrence rate.
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patients (8), which could increase the risk of postoperative
infections, lengthen hospital stays, and, in severe circumstances,
even result in death (9). With the rising demand for clinical blood,
the shortage of blood supply and the underlying risk of
transfusion of banked blood, autologous blood transfusion is
becoming more common in clinics to avoid or reduce the risks
associated with ABT (10, 11).

The use of IBSA in HCC patients involving LT is
controversial, the critical point is whether IBSA increases the
risk of recurrence or metastasis due to reperfusion of tumor cells
(12, 13). Even though this hypothesis is unwarranted, it still limits
the utilization of IBSA. Foltys et al. have demonstrated IBSA does
not modify the risk of HCC recurrence, the use of IBSA appears to
be justified in highly selected HCC patients undergoing LT (14),
and the European Society of Anesthesiology does not
contraindicate its use in cancer patients (15), but there is still no
consensus on its usage in patients undergoing LT for HCC (16).
Since the published results were largely based on a retrospective
analysis of cases from a single center, and randomized controlled
trials (RCTs) are difficult to conduct in this setting, we conduct
this meta-analysis to fully estimate the clinical prognosis of IBSA
for patients with HCC undergoing LT which may be helpful in
elucidating the issue.

Methods

This systematic review and meta-analysis adhere to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(Supplementary Table 1) and has been registered with the
International Prospective Register of Systematic Review
(PROSPERO) database (registration number CRD42022295479)
(17). This systematic review is conducted using the methodological
guidance in the Cochrane Handbook for Systematic Reviews of
Interventions (18). Any modifications to this protocol made over the
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course of the study will be reported in PROSPERO and the
final manuscript.

Study identification and selection

The search strategies were created by an investigator (KY) with
database search experience. We conducted database searches in the
following databases: Medline (via PubMed), Web of Science
databases, EMBASE and The Cochrane Library. Databases were
used to identify suitable studies that were published up to 1 May
2022. Three search themes were combined with the Boolean
operator ‘and’ in searching databases, and the search terms were
as follows: ‘Autotransfusion’, ‘Liver Transplantation’ and
‘Hepatocellular Carcinoma’. Detailed search strategy was shown
in Supplementary Methods. Only English-language publications
with human subjects were included in the searches. The following
inclusion criteria were used: (a) a study that investigated the clinical
prognosis during LT for HCC patients; (b) randomized clinical trial,
high-quality case—control study, cohort study; (c) adults (over the
age of 18). The exclusion criteria were as follows: (a) comments,
case reports, and letters to the editors; (b) duplicate reports; (c)
systematic reviews or meta-analyses. Two reviewers(Y] and SL)
independently screened the articles according to the inclusion
criteria. In case of discrepancies, consistencies will be ensured by
a third reviewer(ZW). If several studies present data from the same
study population, or multiple publications from the same research
series are published in chronological sequence, the study with the
most direct interventions or the largest sample size was kept.

Data extraction and quality assessment

The following parameters were extracted from the full-text
article: the name of the first author, periodical titles, country,
publication year, type of study, characteristics of IBSA group and
non-IBSA group (eg, age, sex, follow-up years, sample size, overall
survival outcome, disease-free survival outcome, recurrence rate and
any adverse events caused by the preventive interventions). Two
reviewers(Y] and DL) extracted data from studies in accordance with
the screening process, and any inconsistencies were resolved by a
third reviewer(SL). In case of any ambiguity or insufficient
information, wherever possible, authors of primary studies were
contacted by either telephone, email or post to obtain missing data.
We made a summary sheet containing all the data fore-mentioned.
On the other hand, we assessed the quality of published literature by
two independent reviewers (ZW and YJ). The risk of bias of RCT's
was assessed with items in the Cochrane Collaboration’s tool (19).
Non-RCTs (observational cohort and case-control studies) were
assessed with the Newcastle-Ottawa Scale (20). Studies were
classified as poor quality if their quality scores fell below 7, which
was the threshold for high quality studies.
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Outcome measures

The primary outcome of this meta-analysis is the tumor-related
recurrence rate of use IBSA during LT for HCC. The recurrence
time points will be 1-year, 3-year, 5-year and 7-year after LT.
Radiological data was used to determine whether HCC had
recurred (21). Other survival outcomes, such as the overall
survival and the disease-free survival, if available, would also be
analyzed and reported.

Statistical analysis

Meta-analyses were conducted when appropriate using Review
Manager 5.4 and STATA 16.0 statistical software. For each outcome,
odds ratio (OR) and corresponding 95% confidence intervals(CI)
were used to measure the association for each study. We will apply
mathematical operations to convert data that is presented in the
literature as median and quartiles into mean and standard deviation
format (22). Forest plots will be used to visualize pooled estimates and
the extent of heterogeneity among studies. The I” statistic were used
to assess statistical heterogeneity among the included studies (I*
values of <40%, 40%-60%, 50%-90%, and 75%-100% represent mild,
moderate, substantial and considerable heterogeneity, respectively)
(23).T% > 50% will be considered as having a substantial heterogeneity,
the random-effects model (the DerSimonian and Laird method) will
be used to analyze the outcomes, otherwise, a fixed-effect model(the
Mantei-Haenszle method) would be applied. The sources of
heterogeneity will be explored by using sensitivity analyses. A
subgroup analysis will be conducted to determine whether the
results differed according to the use of leukocyte depletion filters
(LDFs). The potential for publication bias will be assessed by the
funnel plot, Egger test and Begg’s test (24-26).

Results

The database searches returned 123 results, 22 of which were
excluded due to duplication. Further, 34 studies were excluded
because they were reviews or qualitative study or were not relevant
to the topic being studied. The remaining articles were fully read.
Finally, 12 studies enrolling a total of 2253 cases (1374 IBSA cases and
879 non-IBSA cases) were included in the meta-analysis (14, 27-37).
The process used for article selection is presented in Figure 1.

The selected studies had been published between 2005 and
2022. The sample size of studies ranged from 23 to 397. All of the
studies were cohort studies. There were no randomized controlled
trials. According to the Newcastle-Ottawa Scale, most (n = 11,
91.67%) of the studies were defined as high-quality studies (score
more than 7), the detailed assessments are shown in Supplement
Table 2. The baseline characteristics of the included studies are
presented in Table 1.
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FIGURE 1
Flow diagram of the selection and screening process for eligible studies.
TABLE 1 Characteristics of included studies.
Study Year Study LDFs >Sample size Age ( year, Mean +SD) Sex, male Outcome NOS
type used score
IBSA Non- IBSA Non-IBSA IBSA Non-IBSA
group IBSA  group group group group
group
Akbulut 2013 RCS 0 24 59 52.0+1.8 51.0+1.2 22 52 RR,08,DFS 7
(27)
Araujo 2016 RCS 1 122 36 57.9+2.1* 61.8+1.4% 95 27 RR,08 8
(28)
Foltys 2011 RCS 1 40 96  54.9+6.6* 59.8+7.6* 28 74 RR,08 7
(14)
Han (29) 2016 RCS 1 283 114 31.9+11.2 30.7+1.3 197 77 RR 9
Ivanics 2021 RCS 0 76 34 56.0£1.9* 54.7+2.6* 61 30 RR,08 8
(30)
Kim (31) 2012 RCS 1 121 109 52.3%7.1 52.6£7.5 97 86 RR 8
Kwon 2021 RCS 1 220 129 54.0+1.6* 53.0+1.7* 192 121 RR,08 8
(32)
Muscari 2005 RCS 1 31 16 53.0+£12.0 58.0+6.0 26 14 RR 7
(33)
Nutu (34) 2021 RCS 0 192 186  59.2+7.3 58.4+7.7 NA NA RR,08,DFS 8
Pinto (35) 2021 RCS 0 122 34 59.0+£7.0 60.0+6.0 75 20 RR,08,DFS 7
Sutton 2021 RCS 0 131 55 59.0+1.4* 61.8+1.3* 98 45 RR,08 7
(36)
Weller 2021 RCS 0 12 11 54.8+6.7 58.3+7.4 9 9 RR 6
(37)

0, don't use LDFs; 1, use LDFs; DFS, Disease-free survival; IBSA, intraoperative blood salvage autotransfusion; NOS, Newcastle-Ottawa Scale; OS, Overall survival; RR, recurrence rate; RCS,
retrospective cohort study; SD, standard deviations.
*Switched to mean + SD according to the formula of Cochrane handbook.
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Primary outcomes: Tumor recurrence

Twelve studies reported the recurrence rate(RR) outcomes of
IBSA and non-IBSA patients. Of them, seven studies provided a
specified description of criteria for determining the recurrence
and follow-up methods (14, 27, 29, 32, 35-37). The meta-

FIGURE 2

10.3389/fonc.2022.985281

analysis data is displayed in Figure 2, the RR at 5-year
(OR=0.75; 95%CI, 0.59-0.95; P=0.02) and 7-year(OR=0.65;

Test for overall effect: Z = 2.21 (P = 0.03)

Meta-analysis forest plot of the recurrence rate. (A), 1-year RR; (B)
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, 3-year RR; (C), 5-year RR; (D), 7-year RR
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Araujo 2016 6 122 1 36 1.7% 1.81[0.21, 15.55] I
Foltys 2011 4 40 3 96 1.8% 3.44[0.73, 16.16] =
Han2016 31 283 12 114 17.5% 1.05[0.52, 2.12] D
Kim2012 11 121 17 109 18.6% 0.54[0.24, 1.21] —
Kwon 2021 37 220 32 129 38.5% 0.61[0.36, 1.04] —
Muscari 2005 2 31 1 16 1.4% 1.03[0.09, 12.35]
Nutu 2021 8 192 11 186 12.3% 0.69 [0.27, 1.76] S
Sutton 2021 8 131 4 55 6.1% 0.83 [0.24, 2.88] —
Weller 2021 1 12 2 11 2.2% 0.41 [0.03, 5.28]
Total (95% CI) 1152 752 100.0%  0.77 [0.56, 1.06] <>
Total events 108 83
Heterogeneity: Chi? = 6.73, df = 8 (P = 0.57); I> = 0% b + t J
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Nutu 2021 25 192 26 186 15.8% 0.92 [0.51, 1.66] -
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Araujo 2016 20 122 8 36 6.6% 0.69[0.27, 1.72] —
Foltys 2011 6 40 22 96 7.1% 0.59[0.22, 1.60] —
Han2016 57 283 27 114 19.7% 0.81[0.48, 1.37] =
Ivanics2021 1 76 1 34 0.9% 0.44[0.03, 7.25]
Kim2012 20 121 25 109 14.1% 0.67[0.35, 1.28] e
Kwon 2021 72 220 51 129 27.7% 0.74[0.47, 1.17] =T
Nutu 2021 31 192 32 186 17.5% 0.93 [0.54, 1.59] -
Sutton 2021 8 131 5 55 4.2% 0.65 [0.20, 2.08] —
Weller 2021 2 12; 4 11 2.2% 0.35 [0.05, 2.47] |
Total (95% CI) 1197 770 100.0%  0.75[0.59, 0.95] L 4
Total events 217 175
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D IBSA non-IBSA Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Foltys 2011 6 40 29 96 22.8% 0.41[0.15, 1.08]
Han2016 57 283 27 114 48.4% 0.81[0.48, 1.37]
Pinto 2021 13 122 3 34 6.6% 1.23[0.33, 4.60] —
Sutton 2021 8 131 8 55 16.7% 0.38[0.14, 1.08] —_—
Weller 2021 2 12 4 11 5.5% 0.35 [0.05, 2.47] e —
Total (95% CI) 588 310 100.0%  0.65 [0.44, 0.95] L 2
Total events 86 71
it i2 — — —- 12 = ! + + {
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95%CI, 0.44-0.95; P=0.03) in the IBSA group was slightly
lower than non-IBSA group. There were no significant
differences in the 1-, and 3-years RR. The RR at 1-, and 3-year
had ORs of 0.77 (95% CI, 0.56-1.06; P=0.10), and 0.79 (95% CI,
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0.62-1.01; P=.06), respectively. No heterogeneity was found in 1-
year RR (I* = 0%), 3-year RR (I* = 0%), 5-year RR (I* = 0%), and
7-year RR(I* = 0%), the fixed effect model was adopted.

Overall survival and disease-free survival

Eight studies reported the overall survival(OS) outcomes of
IBSA and non-IBSA patients (Figure 3). The overall survival
outcomes at 1-, 3-, and 5-year were not significantly different.
The OS at 1, 3, and 5-year had RRs of 0.90 (95% CI, 0.63-1.28;
P=0.57), 1.16 (95% CI, 0.83-1.62; P=0.38), and 1.04 (95% CI,
0.76-1.40; P=0.82). Mild heterogeneity was observed in 1-year
OS (I* = 0%), 3-year OS (I* = 29%), 5-year OS (I* = 28%). For all
included studies performed in statistics of disease-free survival
(DES), there were no significant differences at 1-year DFS
(OR=0.80; 95%CI, 0.49-1.30; P=0.36), 3-year DFS(OR=0.99;
95%ClI, 0.64-1.55; P=0.98), 5-year DFS(OR=0.88; 95%ClI, 0.60-
1.28; P=0.50) (Figure 4). Mild heterogeneity was found in 1-year
DFS (I* = 0%), 3-year DFS (I* = 20%), and 5-year DFS (I* = 0%).

10.3389/fonc.2022.985281

Subgroup analysis

A predesigned subgroup analysis was conducted according
to the use of LDFs. Six studies attached LDFs to IBSA during LT
(14, 28, 29, 31-33). The RR and OS outcomes were evaluated
according to the use of LDFs, DFS was not evaluated due to lack
of data. We observed a difference in the LDFs-using group of 5-
year RR (OR=0.73; 95%CI, 0.55-0.96; P=0.03). No significant
differences were found in other subgroups. Pooled ORs are
detailed in Figures 5, 6.

Sensitivity analysis

For primary outcomes, pooled effects of ORs remained stable
after removing any single study at 1-, 3-, 5-, and 7-year RR. For
secondary outcomes, the removal of Kwon’s study led to a
reduction in heterogeneity at 3-year and 5-year OS (32). Filled
pooled effects were adjusted for 3-year OS(OR=0.95; 95%CI,

A IBSA non-IBSA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, d 95% CI M-H, d 95% CI
Akbulut2013 17 24 46 59 10.8% 0.69 [0.23, 2.01] e
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Kwon 2021 205 220 115 129 21.5% 1.66 [0.78, 3.57] B el
Nutu 2021 168 192 170 186 28.0% 0.66 [0.34, 1.28] — e

Pinto 2021 103 122 29 34 11.0% 0.93 [0.32, 2.72] —

Sutton 2021 120 131 50 55  10.2% 1.09 [0.36, 3.30] —_——
Total (95% CI) 887 533 100.0% 0.90 [0.63, 1.28]

Total events 774

Heterageneity: Tau? = 0.00; Chi? = 3.91, df = 6 (P = 0.69); I> = 0%
Test for overall effect: Z = 0.57 (P = 0.57)
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FIGURE 3

Favours [experimental] Favours [control]

Meta-analysis forest plot of the overall survival. (A), 1-year OS; (B), 3-year OS; (C), 5-year OS.
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FIGURE 4

Favours [experimental] Favours [control]

Meta-analysis forest plot of the disease-free survival. (A), 1-year DFS; (B), 3-year DFS; (C), 5-year DFS

0.70-1.29; P=0.73), 5-year OS(OR=0.86; 95%CI, 0.65-1.14;
P=0.30), which were consistent with the initial meta-analysis.
For 1-year OS, OR did not change much by removing either
study (Supplementary Figure 1). Sensitivity analysis was not
performed for DES due to fewer studies.

Publication bias

We used Egger’s test and Begg’s test to evaluate the publication
bias for RR and OS outcomes. No indication of publication bias was
observed for 1-year RR (Egger’s test, P = 0.158; Begg’s test, P =
0.7205), 3-year RR (Egger’s test, P = 0.694; Begg’s test, P = 0.4743),
5-year RR (Egger’s test, P = 0.901; Begg’s test, P = 0.0763), and for 1-
year OS (Egger’s test, P = 0.943; Begg’s test, P = 0.8065), 3-year OS
(Egger’s test, P = 0.943; Begg’s test, P = 0.7639), 5-year OS (Egger’s
test, P = 0.517; Begg’s test, P = 0.7639). Funnel plots were visually
examined for symmetry for all outcomes reported (Supplementary
Figures 2, 3).

Discussion

In this comprehensive systematic review and meta-analysis,
we identified 12 cohort studies investigating the clinical
prognosis of IBSA during LT for HCC. The recurrence rate
was used as the primary outcome, and the overall survival and
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disease-free survival were used as the secondary outcomes. The
analyses showed that the RR at 5- and 7-year in the IBSA group
was slightly lower than non-IBSA group. No significant
differences were found between the IBSA and non-IBSA
groups in the 1-, and 3-year RR outcomes. For secondary
outcomes, the OS outcomes at 1-, 3-, and 5-year and the DFS
outcomes at 1-, 3-, and 5-year were not significantly different.
Sensitivity analysis was carried out to evaluate whether the result
is stable and reliable, adjusted effects did not fluctuate much by
omitting each study. Given the above, though no randomized
studies were included, results of the meta-analysis could be
considered relatively solid and trustworthy based on the
current studies.

The use of IBSA reduces the requirement for allogeneic
blood during surgery, preventing adverse transfusion reactions
without having a negative impact on other clinical outcomes.
However, oncological surgery is still regarded as a relative
contraindication to IBSA over concern of reinfusing tumor
cells and thereby causing tumor dissemination (13, 38, 39).
The presence of neoplastic cells in blood samples from an
autotransfusion system in 1975 established a link between the
usage of IBSA and the occurrence of metastasis, although there is
no proof that these cells have the capacity to cause recurrence or
metastasis (40). In our study, IBSA did not increase the tumor
recurrence rate and had comparable survival outcomes with
non-IBSA. Based on existing literature, the European Society of
Anesthesiology does not contraindicate the use of IBSA in
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FIGURE 5

Meta-analysis forest plot of subgroup analysis of the recurrence rate. (A), 1-year RR; (B), 3-year RR; (C), 5-year RR; (D), 7-year RR.
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patients with cancer (15). Furthermore, a rencent study has
demonstrated the effectiveness of IBSA in reducing the need for
ABT for LT (41). A sizable prospective analysis that was
conducted confirmed the cost effectiveness of IBSA. With the
use of autologous transfusion over the study period, a cost saving
of $188618 United States dollars was achieved (42).
multicenter research encompassing more than 33000

In a

individuals, the risk of side effects associated with the usage of
IBSA was estimated to range from 0% to 0.006% (11). Even
though we need more evidence with large-sample size
randomized control studies, those studies suggest that we
should reduce the use of ABT.

Subgroup analysis was performed to determine whether
results were differed due to the use of LDFs. LDFs were added
to IBSA in the 1990s to increase the safety of the procedure (43).
But it is still debatable whether LDFs completely decrease the
risk of tumor cell metastasis. Several reports have demonstrated
that LDFs are effective at eliminating tumor cells in vitro and
vivo studies (39, 44, 45). However, there have been few reports
using HCC cells. Unless there were large cell loads, according to
Gwak’s experimental results, LDF could filter HCC cells in vitro
(46). And LDFs incorporated into cell salvage circuits have
shown to effectively remove malignant cells when used during
LT of patients with nonruptured hepatocellular tumors (16).
Those studies support the hypothesis that tumor cells could be
efficiently removed during collection, processing, and
leukocyte filtration.

Six studies included in this meta-analysis attached LDFs to
IBSA, in the subgroup analysis, IBSA-group has a low 5-year RR
than non-IBSA group with the use of LDFs. This might be as a
result of ABT’s effect on immune function of patients with
tumors. Besides 5-year RR outcome, non-LDFs-using group had
similar results as the LDFs group. The above studies are
insufficient to explain the adverse effects of the presence of
tumor cells on clinical prognosis and to demonstrate negative
effects associated with the use of IBSA. Some organizations,
including the National Institute of Clinical Excellence, the
Association of Anaesthetists of Great Britain and Ireland and
the American College of Obstetricians and Gynecologists have
developed guidelines to support the use of IBSA or in
combination with LDFs in cancer surgery (14, 47-49). The
findings in this study imply that using LDFs in combination
may be a preferable way.

To our knowledge, a meta-analysis included eleven studies
suggests that cancer recurrence after the use of IBSA is not
inferior to traditional intraoperative allogeneic transfusion, with
an odds ratio of 0.65 (95% CI, 0.43-0.98; P = 0.0391). But the
included studies of this meta-analysis ranged from different
cancer types, only three studies involved patients with
hepatocellular carcinoma (50). In addition, another meta-
analysis included 9 studies demonstrated that IBSA did not
increase the tumor recurrence rate and had comparable survival
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outcomes with ABT. In the subgroup analysis of five studies for
liver cancer surgery, IBSA did not increase the mortality risk
with long-term follow-up for patients with hepatocellular
carcinoma (51). The results presented above are approximately
consistent with those of this meta-analysis, indicating that IBSA
is not inferior to ABT and may even be better than ABT. In
comparison, this review included 12 studies and provided the
first comprehensive meta-analysis of effect of IBSA on clinical
prognosis after LT for HCC, due to the lack of data, this analysis
mainly focused on the clinical prognosis of IBSA. Predesigned
subgroup analyses were conducted to evaluate whether the
results were different with the use of LDFs. Multiple methods
were adopted for sensitivity analyses, funnel plot and Egger
regression test were used to estimate publication bias, which
demonstrated the validity and robustness of the meta-analysis.

Several limitations of our study should be mentioned. First,
the included studies were retrospective research and selection bias
should not be ignored, since no RCT research on this question has
been found after searching the databases. Well-designed,
randomized, controlled, prospective trials are urgently required
to clarify the existing concerns. Second, we only included English
language studies due to the constraints of translating foreign
language studies. Third, the included studies did not explore the
use of allogeneic blood products, which may affect survival
outcomes and prognosis due to their impact on immunity.
Moreover, although significant heterogeneity was not found,
patients’ characteristics varied across included studies. Only part
of included studies use a propensity score to control for the effect
of confounding and address selection bias, more detailed
subgroup analyses were difficult to conduct, because of multiple
outcomes and insufficient studies.

Conclusion

These 12 studies represent the best reliable evidence to date.
This meta-analysis may at least indicate that intraoperative
blood salvage autotransfusion provided comparable survival
outcomes relative to allogeneic blood transfusion and did not
increase the tumor recurrence for hepatocellular carcinoma
patients after liver transplantation. A reappraisal of the
appropriate strategy for blood management during liver
transplantation is warranted. High quality researches are
required in the future to provide more sufficient evidence.
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China, “Hebei Provincial Key Laboratory of Tumor Microenvironment and Drug Resistance, Hebei
Medical University, Shijiazhuang, China

Background: As neoadjuvant chemotherapy is widely used in breast cancer
patients, the lymph node ratio has not been fully validated as a prognostic
indicator of breast cancer received neoadjuvant chemotherapy. This study
was conducted to investigate the prognostic value of lymph node ratio in
breast cancer patients received neoadjuvant chemotherapy.

Methods: Systematic searches were performed in the PubMed, Embase, and
Cochrane Library databases until 15 December 2021 for studies on the
association between lymph node ratio and the prognosis of breast cancer after
neoadjuvant chemotherapy. Overall survival and disease-free survival were used
as outcome events, and hazard ratio was chosen as the parameter to evaluate
the correlation. The dose-response relationship was assessed by restricted
cubic splines. In the subgroup analyses, which were used to explore potential
heterogeneity among the included studies according to study region and
sample size. Sensitivity analysis was performed to assess the stability of
individual studies, and publication bias was determined with funnel plots, Begg's
test, and Egger&apos;s test. All statistical analyses were performed using Stata 15.1.
Results: A total of 12 studies with 4,864 patients were included in this meta-
analysis. In this study, high lymph node ratio was significantly associated with
decreased overall survival (HR: 4.74; 95%Cl: 3.36-6.67; P<0.001) and disease-
free survival (HR: 4.77; 95%Cl: 3.69-6.17; P<0.001). Moreover, the dose-
response meta-analysis showed a linear association between higher lymph
node ratio and shorter overall survival and disease-free survival in breast cancer
patients after neoadjuvant chemotherapy.

Conclusions: The meta-analysis suggested that high lymph node ratio was
significantly associated with short overall survival and disease-free survival in
breast cancer patients after neoadjuvant chemotherapy. Therefore, lymph node
ratio is an independent predictive factor for the prognosis of breast cancer
patients after neoadjuvant chemotherapy, which may better refine the cancer
staging system.
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Introduction

Today, neoadjuvant chemotherapy is a standard treatment
option for patients with locally advanced operable breast
cancer and is increasingly used in early breast cancer (1).
Neoadjuvant chemotherapy can not only convert inoperable
disease to operable disease and reduce the scope of operable
surgeries, but also provide confirmation of drug-sensitive
disease, thereby guiding subsequent treatment with a view to
(2).

chemotherapy improves overall survival (OS) and disease-free

improving patient outcomes Although neoadjuvant
survival (DFS) in breast cancer patients, the prognosis of
patients with lymph node positive breast cancer after
neoadjuvant chemotherapy remain poor (3). The number of
metastatic axillary lymph nodes is an important predictor of
prognosis in patients with breast cancer, and accurate lymph
node staging can provide an important reference value for
guiding adjuvant therapy in patients. In clinical practice, due
to the varying effects of neoadjuvant chemotherapy on
axillary lymph node status and the technique of axillary
lymph node dissection among clinicians, the number of
axillary lymph nodes detected in postoperative patients after
neoadjuvant chemotherapy is significantly lower than that in
patients who did not receive neoadjuvant chemotherapy (4).
According to the American Joint Committee on cancer
(AJCC)
regarding dissection of at least 10 lymph nodes after axillary

staging of breast cancer, the recommendation
lymph node dissection is clearly influenced by neoadjuvant
chemotherapy. AJCC staging tends to underestimate the true
status of axillary lymph nodes in breast cancer patients
thus the
accuracy of guiding treatment and assessing prognosis.

received neoadjuvant chemotherapy, affecting
Therefore, optimization of methods for assessing axillary

lymph node status in breast cancer patients received
neoadjuvant chemotherapy is essential.

Lymph nodes ratio (LNR) is defined as the ratio between
positive lymph nodes and the total number of retrieved
lymph nodes. It not only contains information about lymph
node metastasis, but also has the degree of lymph node
dissection. Previous studies have reported the independent
prognostic value of the LNR in lung cancer, gastric cancer
and colorectal cancer patients after neoadjuvant chemotherapy
(5-7). Liu D et al. (8) proved that LNR is a prognostic factor
for breast cancer in a meta-analysis, but the study did not
conduct a subgroup analysis of patients received neoadjuvant
chemotherapy, and the accuracy of LNR in evaluating the
prognosis of patients received neoadjuvant chemotherapy is
not clear. Some studies showed that LNR has important value
in predicting the prognosis of breast cancer patients receiving
neoadjuvant chemotherapy and its prognostic value was
greater than that of current N staging (9, 10). However,

Saxena et al. (11) found that LNR was an independent
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prognostic factor of breast cancer after neoadjuvant
chemotherapy, and its prognostic value was poorer than that
of ypN stage. Kim et al. (12) even denied the prognostic value
of LNR in patients received neoadjuvant chemotherapy. The
prognostic value of LNR in patients with breast cancer after
still

Therefore, this study conducted a meta-analysis on the

neoadjuvant chemotherapy has been controversial.
prognostic role of LNR in breast cancer patients received
neoadjuvant chemotherapy for the first time, providing more
comprehensive evidence for the prognostic value of LNR. We
also performed a dose-response meta-analysis to examine the
online levels and

potential relationship between LNR

prognosis after neoadjuvant chemotherapy.

Materials and methods
Search strategy

A comprehensive literature search of the PubMed, Embase
and Cochrane Library databases was conducted to find
relevant published articles about LNR prognostic prediction of
breast cancer after neoadjuvant chemotherapy (updated to
December 15, 2021). The retrieval strategy combines terms
related to “breast cancer”, “neoadjuvant therapy”, “lymph
Additional
identified by hand searching the references of original articles

node ratio” and “prognosis”. studies were

and review articles.

Selection criteria

All retrieved articles were first screened by title and abstract
and irrelevant studies were excluded. Then, all the retrieved
studies were screened by two reviewers according to the
inclusion criteria and exclusion criteria. A third author would
be consulted and the decision would be reached through
discussions when a disagreement was encountered.

Inclusion criteria: (1) study design: retrospective or
prospective cohort study; (2) participants: breast cancer
patients received neoadjuvant chemotherapy and lymph node
dissection; (3) primary outcomes: OS or DFS; (4) survival
outcome was further explored regarding hazard ratio (HR)
with confidence interval (CI), HR with P value, Kaplan-Meier
curves or the needed data for calculating HR and CI;

Exclusion criteria: (1) study design: case-control or cross-
sectional study; (2) participants: breast cancer patients
complicated with other tumors or distant metastasis; (3) study
types: case reports, conference summaries, review articles and
reviews; (4) the same patient population were overlapped
among publications (the studies with the largest sample size
were included).
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Data extraction and quality assessmenth

The following information were extracted from the included
studies: first author, publication year, country, study design,
sample size, follow-up time, tumor stage, cut-off value, HRs
and 95% ClIs for OS and/or DFS. The quality of the included
studies in this meta-analysis was assessed according to the
Newcastle-Ottawa Quality Assessment Scale (NOS). This scale
evaluated each study in three domains including the selection
of the participants, the comparability between the groups and
the outcome of interest for cohort study. The NOS scores
range from 0 to 9, and studies with NOS scores>6 were
considered high quality (13).

Statistical analysis

In this meta-analysis, HR and its 95% CIs were used to
evaluate the relationship between LNR level and prognosis in
breast cancer patients after neoadjuvant chemotherapy. For

10.3389/fsurg.2022.971030

each study, the HRs comparing the highest with the lowest
category were then displayed in a forest plot. In addition, we
performed a dose-response meta-analysis to assess whether
LNR was associated with worse OS and DFS in breast cancer
patients receiving neoadjuvant chemotherapy. When the
included studies reported only the total number of cases and
the number of cases in each category, the number of person
years in each category was calculated using the method
proposed by bekkering Ge et al. (14) and Aune D et al. (15).
According to the LNR interval given in the included study,
we designated the middle value of the upper and lower
boundaries of each category as the average LNR level.

The Cochran’s Q test and I” statistics were used to analyze
heterogeneity between studies; P<0.05 or I*>50% suggested
significant heterogeneity among the included studies. If
significant heterogeneity existed, a random effect model was
selected; otherwise, the fixed-effects model was used. The
subgroup analysis was also conducted to explore the source of
heterogeneity based on the study area (Chinese or non-Chinese)
and sample size of studies (<300 vs. >300). The possibility of
publication bias was evaluated by visual screening of the Begg’s

'summn"
= 463 Records identified through Additional records
g Pubmed (n=212), Embase(n=54) identified through other
3 and Cochrane library (n=197) sources (n=0)
= database searching
=
3
A v
N’
Records after duplicates removed
— (n=400)
z Records excluded (n=362)
§ 4 Not breast cancer n=5
5 Records screened Not neoadjuvant therapy n=115
< (n=400) » Not lymph node ratio n=91
Not relevant to survival data n=111
— Letters, conference abstracts and
reviews n=40
S v
Full-text articles assessed Full-(ext(arti;::s excluded, with
for eligibility " s
;%. (n=38) Not neoadjuvant therapy n=3
E Not lymph node ratio n=3
w Failed to provide sufficient data n=11
A Duplicate pooulation n=8
— Studies included in
qualitative synthesis
~ (n=13)
'S A
3 Studies included in
E quantitative synthesis
(meta-analysis)
(n=13)
e
FIGURE 1
Flowchart of the study search and selection.
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funnel plot, and both Begg’s test and Egger’s test were used to
evaluate the publication bias. A significance of P <0.05 indicated
the possibility of publication bias (16, 17). To further evaluate
the robustness of our results, we conducted sensitivity analysis.
Sensitivity analysis was performed to explore the potential
influence of each individual study on the overall results by
deleting one single study each time from the pooled analysis.
Stata se 15.1 (Stata company, Texas College Station, USA)
was used for statistical analysis. The study was reported
according to the PRISMA Checklist (Stewart et al., 2015).

Results

Selection and characteristics of included
studies

A total of 463 articles were retrieved on the initial literature
search, of which 212 were retrieved from PubMed, 54 from
Embase and 197 from the Cochrane Library. After the
exclusion of duplicate studies and non-relevant studies based
on a screening of article titles and abstracts, 38 potentially
relevant studies were retrieved for full review. According to
the pre-established inclusion and exclusion criteria, 13 studies,

TABLE 1 Characteristic of the included studies.

Study  Year Country Study Study Sample
design period size

Keam 2009  Korea Prospective 2002-2007 205
Saxena 2011  Geneva Kuala, Retrospective 1990-2007 314

Singapore,

Malaysia
Chen 2014  China Retrospective 1999-2009 569
Tsai 2016  America Retrospective 2003-2014 428
Cho 2018  Korea Retrospective 2006-2015 236
Agarwal 2019  India Retrospective 2004-2014 224
Lai 2019  China Retrospective 2009-2012 339
Soran 2019  America Retrospective 2009-2014 179
Tonellotto 2019  Brazil Retrospective 2008-2009 628
Ai 2020  China Retrospective 2007-2014 306
Gabriel A 2020  Peru Retrospective 2000-2014 171
Silva 2021  Brazil Retrospective 2010-2014 171
Li 2021  China Retrospective 2008-2018 282

Frontiers in Surgery

145

10.3389/fsurg.2022.971030

involving 4,864 breast cancer patients, were included in this
study (9-11, 18-27). The flow diagram of the literature search
was shown in Figure 1. These studies were published between
2009 and 2021. Only one study was a prospective study, and
the rest were retrospective studies. Of the 12 studies, 10
studies reported OS and 11 reported DFS. With regard to the
study area, four studies were conducted in Chinese (10, 19,
22, 27), while the remaining nine studies were conducted in
non-Chinese countries. The median follow-up ranged from 24
to 87 months. The LNR thresholds used in the included
studies ranged from 0.1 to 0.8, with most (10/12) using LNR
thresholds of 0.2 and 0.65. Overall quality of the included
studies was good, and NOS scales ranged from 6 to
8. Table 1 provides the basic characteristics of included studies.

Relationship between LNR and prognosis
of breast cancer patients received
neoadjuvant chemotherapy

Among the 13 eligible studies, 10 studies (9-11, 18, 21, 23—
27) explored the association between LNR and OS outcomes.
Meta-analysis has demonstrated that a significant correlation
between higher LNR and shorter OS of breast cancer patients

Tumour  Follow-up Cut-off Endpoint Quality
stage time value scale

Stage II/1I1 Median 28.9 0.25 OS, DFS 6
months

Stage I/II/I11 NA 0.2, 0.65 oS 7

Stage II/1I1 Median 48 02,04, DFS 7
months 0.8

NA Mean 36.9 0.2, 0.65 DFS 7
months

Stage I/II/I1T Mean 54 0.2, 0.65 OS, DFS 7
months

Stage II/III Median 61 0.2, 0.65 OS, DFS 8
months

Stage II/IIT Median 62.3 04, 0.8 DFS 7
months

Stage I/II/I11 Median 24 0.2 oS 7
months

Stage II/IIT Median 58 0.2, 0.65 OS, DFS 7
months

Stage II/IIT Median 78 0.2, 0.65 OS, DFS 7
months

Stage II/IIT Median 87 0.2, 0.65 OS, DFS 6
months

Stage II/IIT Median 62.5 0.2, 0.65 OS, DES 7
months

Stage I/II/IIT Mean 63 0.2, 0.65 OS, DES 7
months

frontiersin.org


https://doi.org/10.3389/fsurg.2022.971030
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Liu et al. 10.3389/fsurg.2022.971030
A
Study %
ID HR (95% CI) Weight
Keam 2009 —5—7— 7.76 (2.71,22.27) 713
Saxena 2011 —+—§ 2.70 (1.50, 5.00) 13.04
Cho 2018 -OI- 4.63 (3.91, 6.24) 19.79
Agarwal 2019 —&—i— 3.15(1.32, 7.52) 9.07
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Ai 2020 E — 29.99 (9.13,98.45) 6.02
Gabriel A 2020 —i-’— 7.74 (2,50, 30.62) 5.57
Silva 2021 —?— 543 (2.81,1047) 12.10
Li 2021 i - 17.07 (1.42, 205.78) 1.75
Overall (I-squared = 57.2%, p = 0.013) @ 4.73 (3.36, 6.67) 100.00
NOTE: Weights are from random effects analysis E
.001186 1 2(I)6
B
Study %
ID HR (95% CI) Weight
Keam 2009 -—é—#— 7.76 (2.71,22.27) 1.32
Chen 2014 —l*— 4.20 (2.58, 6.96) 5.74
Tsai 2016 —0+ 2.52 (0.92, 6.86) 1.46
Cho 2018 > 4.26 (3.83, 5.16) 66.13
Agarwal 2019 —0,-— 4.09 (1.75, 9.52) 2.05
Lai 2019 —\0—5 3.19 (2.00, 5.09) 6.73
Tonellotto 2019 —:—E- 3.19 (2.12, 4.80) 8.80
Ai 2020 E —_— 10.89 (5.06, 23.44) 2.50
Gabriel A 2020 E—b— 10.53 (3.13, 35.45) 1.00
Silva 2021 ':—0— 7.98 (4.14,15.38) 3.41
Li 2021 —:0— 4.60 (1.25, 16.90) 0.87
Overall (I-squared = 41.6%, p =0.072) @ 4.30 (3.81, 4.85) 100.00
T : T
.0282 1 355
FIGURE 2
Forest plots show the association between lymph node ratio and overall survival (A), disease-free survival (B).

received neoadjuvant chemotherapy (HR: 4.74; 95%CI: 3.36-
6.67; P<0.001) with significant heterogeneity (I*=57.2%;
P=0.013) (Figure 2A).

Moreover, 11 studies (9, 10, 18-22, 24-27) examined the
association between higher LNR and shorter OS of breast cancer
patients after neoadjuvant chemotherapy. The results showed a
significant association (HR: 4.77; 95%CI: 3.69-6.17; P <0.001)
with no heterogeneity (I* = 41.6%; P=0.072) (Figure 2B).
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Subgroup analysis

In order to explore the potential sources of heterogeneity of
the combined HR for OS, we conducted subgroup analyses
through stratifying eligible studies by study area (Chinese vs.
non- Chinese) and sample size (<300 vs. >300). When
divided into two subgroups by study area, the heterogeneity
between studies disappeared. With regard to nation, higher
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FIGURE 3

Study %
ID 0S (95% Cl) Weight
Non-China '
Keam 2009 —— 7.76 (2.71,2227) 7.3
Saxena 2011 = 2.70(1.50,5.00)  13.04
Cho 2018 - 463(3.91,6.24) 19.79
Agarwal 2019 —-?—— 3.15(1.32,7.52)  9.07
Soran 2019 — 422(1.85,963) 964
Tonellotto 2019 —o— 2.74(1.75,4.28)  15.90
Gabriel A 2020 ——g— 7.74 (2.50,30.62) 557
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Forest plots show the association between lymph node ratio and overall survival stratified by the studied area (A) and sample size (B).

LNR was significantly correlated with shorter OS (HR: 27.01;
95%CI: 3.36-6.67; 1°=0.0%; P<0.001) in Chinese patients
compared with non-Chinese patients (HR: 4.03; 95% CI:
3.16-5.14; I?=25.9%; P<0.001) (Figure 3A). Based on the
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subgroup analysis by sample size, this subgroup analysis did
not alter the prognostic role of LNR in OS substantially, but
significant heterogeneity remained across studies, as shown in
Figure 3B.
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FIGURE 4
Dose-response meta-analysis of the prognostic role of lymph node ratio in overall survival (A) and disease-free survival (B) of the breast cancer
patients after neoadjuvant chemotherapy.

CI:1.298-1.646, P<0.001), and there was no evidence of
heterogeneity in the study (Q=2.17, P=0.83) (Figure 4A). A
total of nine studies participated in the dose-response analysis
of the relationship between LNR level and DEFS after
neoadjuvant chemotherapy. The results showed that there was
a linear relationship between higher LNR level and shorter

Dose-response analysis

Six studies were considered ineligible for inclusion in the
dose-response analysis due to a lack of information regarding
prognosis of participants or provided LNR levels for less than
three categories. Therefore, six cohort studies were eligible to
had required data for dose-response analysis. We found a DFS (HR=1.50, 95% CI: 1.394-1.616, P<0.001), and the
significant linear relationship between higher LNR levels and heterogeneity across the studies was significant (Q=20.72,
shorter OS after neoadjuvant chemotherapy (HR =1.47, 95% P=0.008) (Figure 4B).
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Sensitivity analysis and publication bias

Sensitivity analyses were performed next. A single study
involved in the meta-analysis was deleted each time to unveil
the influence of the individual data set to the pooled HRs. In
the current study, removing any of the included studies had
no significant impact on the meta-analytic results, indicating
the robustness of the results (Figure 5). The Begg’s funnel
showed no significant asymmetry for all included studies
(Figure 6). Similarly, the quantitative evaluation results of
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Begg’s test and egger’s test showed that there was no
statistically significant publication bias in the studies reporting
OS (egger’s test: P=0.479; Begg’s test: P=0.858) and DFS
(egger’s test: P=0.194; Begg’s test: P=0.118).

Discussion

Today, neoadjuvant chemotherapy treatment is widely
accepted as a standard treatment for locally advanced breast
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cancer and plays an important role in the comprehensive
treatment of breast cancer (28). The management of the axilla
after neoadjuvant chemotherapy is still dominated by axillary
lymph node dissection, which aimed to establish nodal status
and guide adjuvant treatment indication to maximize survival
and regional control of cancer in breast cancer patients (29).
The National Comprehensive Cancer Network (NCCN) defines
an adequate axillary lymph node dissection as retrieval of least
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10 lymph nodes to accurately stage the axilla (30). Rosenberger
LH et al. (31) found that fewer dissected lymph nodes were
associated with poorer OS in breast cancer patients with
positive axillary lymph nodes, possibly due to insufficient
axillary staging and missed opportunities for adjuvant therapy.
Previous studies reported the lower lymph node yield after
axillary lymph node dissection in breast cancer patients
received neoadjuvant chemotherapy, and found that
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neoadjuvant chemotherapy was an important factor associated
with dissection of fewer than 10 lymph nodes (32, 33).
Neoadjuvant chemotherapy can induce histomorphological
changes within lymph nodes regarding the features lymphoid
depletion, diffuse fibrosis, disruption or blockage of lymphatic
vessels, calcifications and signs of bleeding (34, 35). These
histomorphological changes may lead to decreased lymph node
harvest rates. Erbes t et al. found that lymphoid cell depletion
was an important factor with the low lymph node yield after
neoadjuvant chemotherapy (33). This might be explained by
the fact that lymphoid cell depletion will lead to shrinkage of
lymph nodes as well as to regression of lymphoid tissue. In a
retrospective  study using data from the National Cancer
Database, it was found that the yield of axillary lymph node
dissection was significantly lower in patients received
neoadjuvant chemotherapy than those who underwent surgery
alone, and that patients received neoadjuvant chemotherapy
were more likely to not meet the criteria of axillary lymph
node dissection. In addition, the study also found that low
lymph node yield was independently associated with pCR of
the primary (36). With the of

chemotherapy regimens and targeted anti-HER2 treatment, the

tumor development

primary tumor and axillary pCR rates have increased
substantially. A previous study found that fewer than 10 lymph
nodes were found in 41.7% of 139 breast cancer patients who
underwent axillary dissection and received neoadjuvant
pertuzumab, however in patients who received neoadjuvant
chemotherapy but did not receive pertuzumab, only 18.6% of
patients had less than 10 axillary lymph nodes dissected (37).
Therefore, the low lymph node yield will underestimate the
number of metastatic lymph nodes and may lead to improper
prediction of prognosis and improper treatment. In the era of
neoadjuvant treatment, the 10-lymph node guideline for axillary
lymph node dissection in breast cancer may need to be revised.

Currently, lymph node status remains an important factor in
the AJCC prognostic staging and remains an essential
determinant of adjuvant treatment decision-making (38).
Lymph node staging is still based on positive lymph node
count in breast cancer patients received neoadjuvant
but the varying effects

chemotherapy on axillary lymph nodes is not considered.

chemotherapy, of neoadjuvant
Therefore, LNR can overcome the limitation of only taking
positive lymph node count, improve and complement the
assessment of ypN stage in post-neoadjuvant chemotherapy
breast cancer patients, especially for those with fewer than 10
lymph nodes dissected. To the best of our knowledge, this is
the first meta-analysis to demonstrate the prognostic role of
LNR in neoadjuvant chemotherapy for breast cancer patients.
The results of the present study prove that increased LNR
levels can predict the shortening of OS and DFS in breast
cancer patients after neoadjuvant chemotherapy. However, we
found that there was heterogeneity between studies explored
the relationship of LNR and OS for patients received
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neoadjuvant chemotherapy. Subgroup analysis of study area
and sample size also demonstrated that high LNR level was
associated with worse OS, and the heterogeneity disappeared
when divided by area. Among them, the correlation between
high LNR level and worse OS was greater in Chinese
population than in non-Chinese population after neoadjuvant
chemotherapy. The sensitivity analysis confirmed the reliability
and stability of the meta-analysis. In addition, LNR level
showed a linear correlation with shorter OS and DES after
neoadjuvant chemotherapy. Our findings demonstrated the
importance of LNR in the prognosis of breast cancer after
neoadjuvant chemotherapy. Therefore, we suggest that LNR
should be included as a prognostic parameter in future staging
systems for breast cancer after neoadjuvant chemotherapy.
Although many studies mainly explore the relationship between
LNR and the prognosis of breast cancer after neoadjuvant
chemotherapy, the existing evidence of reliable and reproducible
LNR cut-off values is inconsistent. The prognostic value of LNRs
was calculated for values ranging from 0.05 to 0.95 by Cox
regression analysis and validated by bootstrapping. Vinh hung V
et al. calculated the prognostic value of LNRs for values ranging
from 0.05 to 0.95 by Cox regression analysis and recorded the
difference in likelihood between the critical value model and AIC
model, and identified a pair of critical values associated with the
least negative difference in likelihood (0.20 and 0.65) (39). Kim
JY et al. found that 0.25 and 0.55 as the most significant cut-off
values of LNR associated with prognosis, by minimum P-value
approach (40). According to X-tile software results, Xiao XS
et al. found that the optimal cut-off values for LNR were 0.3
and 0.8 (41). Until now, the different cut- off for LNR among
studies due to different statistical methods for optimal cut-off
for LNR. Previous investigations of the prognostic value of LNR
in breast cancer have focused on patients who did not receive
neoadjuvant chemotherapy, while few studies of patients who
received neoadjuvant chemotherapy have been conducted. The
cut-off values for LNR of the included studies in this meta-
analysis mostly were 0.20 and 0.65, but no study evaluated
whether they could well predict the prognosis of breast cancer
the
selection of the optimal cut-off value for predicting the

patients after neoadjuvant chemotherapy. Regarding
prognosis of breast cancer patients, more large samples and
high-quality studies in the future are needed to stratify and
evaluate the effect of different LNRs on the prognosis of breast
cancer patients after neoadjuvant therapy, and to determine the
optimal LNR cut-off value for clinical practice.

The present meta-analysis has certain limitations. First, most
of the studies included in our meta-analysis were retrospective.
The different results of these studies may be caused by
population heterogeneity, different neoadjuvant chemotherapy
regimens and cycles, different number of axillary lymph node
resections and varying surgical and pathological quality across
medical centers. Second, the cut-off value for defining LNR in

each included study is quite different, which may have
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contributed to heterogeneity. Third, the value of LNR after
neoadjuvant chemotherapy is vague due to treatment impact
and the change of lymph node metastases. Therefore, more
prospective studies with better designed trials would be
warranted for future LNR studies. Finally, due to insufficient
information in the included studies, this study could not analyze
the relationship between LNR levels and breast cancer prognosis
based on a comprehensive analysis including histological grade,
molecular typing, TNM stage, or adjuvant therapy.

In conclusion, the results of the present meta-analysis
suggest that the level of LNR is a predictive factor for
response in breast cancer patients received neoadjuvant
chemotherapy. LNR can be used as a supplement to TNM
in  breast after

staging cancer patients

chemotherapy and improve the accuracy of tumor staging.

neoadjuvant
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Background: To evaluate short- and long-term outcomes of laparoscopic
colectomy (LC) vs. open colectomy (OC) in patients with T4 colon cancer.
Methods: Three authors independently searched PubMed, Web of Science,
Embase, Cochrane Library, and Clinicaltrials.gov for articles before June 3, 2022 to
compare the clinical outcomes of T4 colon cancer patients undergoing LC or OC.
Results: This meta-analysis included 7 articles with 1,635 cases. Compared with OC,
LC had lesser blood loss, lesser perioperative transfusion, lesser complications, lesser
wound infection, and shorter length of hospital stay. Moreover, there was no
significant difference between the two groups in terms of 5-year overall survival (Sy
0OS), and 5-year disease-free survival (5y DFS), RO resection rate, positive resection
margin, lymph nodes harvested >12, and recurrence. Trial Sequential Analysis (TSA)
results suggested that the potential advantages of LC on perioperative transfusion
and the comparable oncological outcomes in terms of 5y OS, 5y DFS, lymph
nodes harvested >12, and RO resection rate was reliable and no need of further studly.
Conclusions: Laparoscopic surgery is safe and feasible in T4 colon cancer in terms of
short- and long-term outcomes. TSA results suggested that future studies were not
required to evaluate the 5y OS, 5y DFS, RO resection rate, positive resection margin
status, lymph nodes harvested >12 and perioperative transfusion differences
between LC and OC.

Systematic Review Registration:
identifier: CRD42022297792.

https://www.crd.york.ac.uk/PROSPERQOY/,

KEYWORDS

laparoscopic colectomy, open colectomy, T4 colon cancer, survival, meta-analysis

Introduction

Colorectal cancer is both the third most commonly diagnosed cancer and the
third cause of cancer-related death globally (1). In addition, colon cancers
account for nearly 60%, while approximately 106,180 new cases will be confirmed

in 2022 (1, 2). Among them, about 15% of colon cancer patients diagnosed with
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locally advanced disease (T4 stage) (3). Compared with open
colectomy, the widely used minimally invasive surgical
technology for colon cancer has better short-term results
and comparable tumor prognosis (4-8). Moreover, based
on the several large randomized controlled trials such as
COLOR, CLASICC, COST, EnROL trial and several recent
meta-analyses, the NCCN guidelines for colon cancer
(2006) recommended that minimally invasive colectomy
was considered for colon cancer and performed only by
surgeons experienced in this techniques (9-20). However,
since the tumor volume of T4 colorectal cancer is large
and invades surrounding tissues or adjacent organs,
laparoscopic (Lap) En-bloc resection is difficult and risky.
Several large randomized controlled trials have compared
laparoscopic and open colectomy. But in the Barcelona,
ALCCaS, COST, COLOR, MRC CLASSICC, ACOSOG
76051 trials, locally advanced colon tumors were portion
of the exclusion criteria (20-25). Later, most clinical
studies enrolled fewer cases of T4 colorectal cancer (20,
25-27). Therefore, there is limited evidence-based data to
prove the safety and effectiveness of laparoscopic resection
for T4 colon cancer. Laparoscopic T4 colorectal cancer

resection is considered to be a technique demanding

accuracy and its efficacy 1is still controversial. The
American Joint Committee on Cancer (AJCC) TNM
staging system and guidelines from the European

Association of Endoscopic Surgery (EAES) guidelines did
not recommend laparoscopic surgery for T4 colon cancer
(28). However, due to the innovation and progress of
the
improvement of laparoscopic technology, surgeons in some
tried apply
in T4 colorectal and

laparoscopic  platform and popularization and

large and well-experienced centers to

laparoscopic technology cancer

achieved better short-term benefits and oncological
outcomes similar to open surgery (4, 6, 8, 29, 30).
Recently, three updated meta-analyses showed that LC
was associated with better perioperative outcomes like a
lower complication compared with OC and RO resection
rates, 5y OS, and 5y DFS for OC and LC were similar (4,
6, 8). Nevertheless, most of the cases included in the
above three meta-analyses were retrospective studies, and
the huge heterogeneity caused by different definitions of
T4 (T4a vs. T4b, clinical T4 vs. pathological T4). In
addition, with more and more statistical analysis of the
accumulated literature, the possibility of observing false
negative or false positive results increased (31). Trial
Sequential Analysis (TSA) the
shortcomings (32, 33). Therefore, we used TSA method in

meta-analysis to control the risk of type I errors.

can overcome above

In this study, we systematically reviewed the existing
relevant literature and performed a meta-analysis comprised
of TSA of the data on short- and long-term outcomes of LC
vs. OC for pT4 colon cancer.
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Methods

This meta-analysis was carried out according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) and AMSTAR (Assessing the methodological quality
of systematic reviews) Guidelines (34). Ethical consent was not
applicable. The present study was registered in PROSPERO
website  (https://www.crd.york.ac.uk/PROSPERO/) the
Registration Number is: CRD42022297792.

and

Literature search

A systematic literature search was carried out in the
PubMed, Web of Science, Embase, Cochrane Library, and
Clinicaltrials.gov from inception to June 3, 2022 with no limit.
The main terms were: (Colonic Neoplasms OR Colonic
Neoplasm OR Colon Neoplasm OR Colon Cancer OR
Colonic Cancer OR Colonic malignancy OR Colon tumor OR
Colon tumour OR colon carcinoma) AND (Locally advanced
OR T4 OR multivisceral OR advanced OR pT4 OR cT4)
AND (Laparoscopy OR laparoscopic OR open OR minimally
invasive OR minimal invasive). In addition, a manual search
of references of relevant literatures and reviews was also
conducted obtain more potential research.

Inclusion and exclusion criteria

The inclusion criteria for the meta-analysis were: (1) studies
with patients with primary colon cancer; (2) clinical studies that
compared LC vs. OC; and (3) raw data that included followings:
conversion rate, postoperative complications, perioperative
transfusion, mortality, survival, RO resection rate, resection
margin status, number of harvested lymph nodes, and
recurrence. The exclusion criteria were: (1) studies did not
present data of T4 tumors, (2) mix with rectal cancer or other
T stage, (3) studies with no comparison cohort, (4) reviews or
meta-analyses, (5) conference abstract, (6) letter, (7) study could

not be retrieved.

Study selection and quality assessment

Three authors (PC, HZ and CC) independently used the
Methodological Index for Non-Randomized Studies (MINORS)
instrument to assess the quality of the included prospective
observational studies (35). The items were scored 0 (not
reported), 1(reported but not enough) or 2 (reported and
enough). The full score of non- comparative research is 16
points, and the total score of comparative research is 24 points.
Moreover, the Grading of Recommendations Assessment,
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Development, and Evaluation system (GRADE system) was used
to rate the level of evidence as very low, low, moderate, or high
and created a summary table with the GRADE profiler
software (version 3.6.1) (36). Any differences were resolved
through consensus discussion between the review group.

Data extraction

Three researchers (PC, HZ and CC) used structured tables to
extract data from each study and input the data into the database.
The extracted items contained: author, publication year, study
period, country, Single or multicenter study, sample size,
gender, age, body mass index(BMI), American Society of
Anesthesiologists (ASA), Tumor, Node, Metastasis (TNM)
staging  classification,  neoadjuvant  therapy,  adjuvant
chemotherapy, inclusion and exclusion criteria, median follow-
up, conversion rate, operation time (min), blood loss (ml),
length of hospital stay (days), soft diet (days),

complications, wound infection, intra-abdominal abscess, ileus,

start

anastomotic leakage, perioperative transfusion, diverting stoma,
mortality rate, 5y OS, 5y DES, RO resection rate, positive
resection margin, lymph nodes harvested >12, recurrence.

Follow-up plans

The follow-up plans were similar in the 3 studies that
evaluated long-term results. Patients were followed up at 3
monthly intervals for the first 2 years and every 6 months
Physical
antigen (CEA) were routinely performed, whereas abdominal

thereafter. examination and carcinoembryonic
and chest CT scans were performed with an average interval
of 6 months. Colonoscopy was carried out once a year or
when abnormalities were detected during any follow-up visit.
An 18-FDG PET scan was performed if recurrence was

suspected. Biopsies were selectively performed.

Statistical analysis

Analysis was performed using Review Manager (version
5.4.1). Meta-analysis was conducted in which two or more
studies assessed the same risk factor in a comparable manner
(37). The inverse-variance method and the Mantel-Haenszel
estimator were used to calculate pooled mean difference (MD)
values and odds ratios (ORs), respectively. MD and pooled
ORs were used for continuous variables and dichotomous
variables respectively. For continuous variables, if the study
only provides median and range values or means and range
values, the method described in the previous study was used
to calculate the means and standard deviations (38). For the
survival endpoints, relative risk (RR) with the corresponding
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95% CIs were applied. Statistical heterogeneity was assessed
using the Higgins I*value (39).

The thresholds of low, medium and high heterogeneity(I*)
are 25%, 50% and 75%, respectively. A random-effects model
was used for all outcomes (40). Publication bias was evaluated
through the funnel plots in Review Manager. P<0.05 was
considered statistically significant.

Trial sequential analysis

TSA was used to evaluate the statistical reliability of data in
the cumulative meta-analysis. It controlled the @ and B Value
for repetitive testing on the accumulating data. TSA was a
tool to assess whether the currently available evidence is
sufficiently conclusive (41). Meta-analysis of small samples
may increase the risk of false-positive results, resulting in
wrong conclusions. To avoid false-negative/positive results, we
performed a TSA using the TSA software (version 0.9.5.10,
Copenhagen Trial Unit, Denmark). TSA was performed for
both dichotomous and continuous outcomes, in which a 20%
relative risk reduction, a low-risk-based MD, a type I error (o
=0.05, two-sided), and a type II error (8=0.20, power of
80%) were applied to calculate optimal information size.

Results

Selected studies and baseline
characteristics

According to the literature search and selection strategy, a
total of 7 prospective observational studies that included 1,635
cases with pT4 colon cancer resection (863 LC and 772 OC)
were enrolled in this meta-analysis (Figure 1) (42-48).
Demographic and clinical characteristics of 7 prospective
in Table 1. Quality
assessment of studies was shown in Table 2; 7 studies had a
score of >18 points based on MINORS. Meta-analysis for LC
vs. OC was shown in Table 3.

observational studies were shown

Short-term outcomes

Table 3 showed the results of meta-analysis for all outcomes.
All 7 clinical studies reported data on conversion rate with a
pooled rate of 11% (95 cases) (42-48). The conversion rate
ranged from 7.1 to 28.2% in the LC group. The pooled results
showed no significant difference in the operation time between
the two groups (MD =11.48, 95% CI, —8.85 to 31.81, P=0.27).
The pooled results showed a significant reduction (MD =
—121.12 ml, 95% CI, —236.08 to —6.15, P=0.04) in blood loss
among the LC group. LC group showed a significantly lower
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3508 records identified
PubMed (n = 1320)
EMBASE (n=173)

Web of Science (n = 1773)
Cochrane Library (n = 237)
Clinical Trials.gov (n = 5)

Y

2157 records after 1351 duplicates

10.3389/fsurg.2022.1006717

5 additional records identified through

other sources

—

2162 records screened

66 full-text articles assessed

for eligibility

17 records identified through databases

I - Reviews or meta analyses(n=4)

2096 records excluded based on the

title/abstract screening

49 full-text articles excluded
* Did not present data of T4 tumors (n=21)
» Mix with rectal cancer or other T stage(n = 10)

* No comparison cohort (n = 6)

* Conference abstract (n = 06)
* Letter(n=1)

* Could not be retrieved(n=1)

Excluded retrospective observational studies

search

v

7 studies for included in quantitative

synthesis(meta-analysis)

FIGURE 1
The literature search and selection

A 4

(n=10)

hospital stay than OC group (MD = —5.34 days, 95% CI, —9.04 to
—1.64, P=0.005). LC group showed a shorter trend duration than
OC group in terms of the number of days to the soft diet start
(MD =—3.58, 95% CI, —10.14 to 2.99, P=0.29).

Frontiers in Surgery

The morbidity rates of LC group ranged from 13.5% to
28.3%, while the morbidity rates of OC group ranged from
27.1% to 52.6%. The overall complications significantly
decreased in LC group compared to OC group (OR=
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TABLE 2 Methodological quality assessment based on MINORS.

10.3389/fsurg.2022.1006717

Refs Aim® Inclusion® Prospective’ End  Unbiased®  Follow- Lost to  Size" Control' Contemporary Baseline® Statistical Total
points? up' follow- analyses'
up®

Bellio (20) 2 2 2 2 1 NA 0 1 2 2 2 2 18
Chan (19) 2 2 2 2 1 2 0 1 2 2 0 2 18
de’Angelis 2 2 2 2 1 2 0 2 2 2 2 2 21
(17)

Elnahas (25) 2 2 1 2 1 NA 0 2 2 2 2 2 18
Kang (18) 2 2 2 2 1 2 0 1 2 2 2 2 20
Takahashi 2 2 1 2 1 1 0 1 2 2 2 2 18
(1)

Vignali (14) 2 2 1 2 1 2 0 1 2 2 2 2 19

MINORS = methodological index for nonrandomized studies; NA = not applicable.
The following items are scored 0-2 (0: not reported, 1: reported but inadequate, 2: reported and adequate).

A clearly stated aim.
®Inclusion of consecutive patients.
“Prospective collection of data.

9End points appropriate to the aim of the study.
®Unbiased assessment of the study end point.
‘Follow-up period appropriate to the aim of the study

9Lost to follow-up <5%.

"Prospective calculation of the study size.

'An adequate control group.
JContemporary groups.
“Baseline equivalence of groups.
'Adequate statistical analyses.

TABLE 3 Meta-analysis for LC vs. OC.

Outcome and trials (number of studies)

No. of studies

Sample size

Events Pooled OR or MD (95% CI) I* (%) P value

Conversion 7 863 95 - - -
Continuous variables
Operation time (min) 5 315/307 - 11.48 [-8.85, 31.81] 58 0.27
Blood loss (ml) 4 276/269 - —121.12 [-236.08, —6.15] 79 0.04
Length of hospital stay (days) 5 315/307 - —5.34 [-9.04, —1.64] 76 0.005
Soft diet start (days) 2 158/163 - —3.58 [—10.14, 2.99] 97 0.29
Dichotomous variables
Complications 5 315/307 70/109 0.49 [0.31, 0.77] 33 0.002
Wound infection 3 197/201 8/21 0.36 [0.15, 0.86] 0 0.02
Intra-abdominal abscess 2 145/144 10/9 1.08 [0.41, 2.81] 0 0.88
Ileus 3 197/201 15/25 0.41 [0.09, 1.80] 66 0.24
Anastomotic leakage 3 215/214 15/11 1.38 [0.61, 3.12] 0 0.44
Perioperative transfusion 3 631/582 87/137 0.39 [0.28, 0.55] 0 <0.01
Diverting stoma 3 215/214 7/13 0.54 [0.21, 1.41] 0 0.21
Mortality rate 4 276/269 3/2 1.39 [0.26, 7.47] 0 0.7
Oncological outcomes
5-year overall survival 3 228/233 131/140 0.96 [0.82, 1.12]* 0 0.6
5-year disease-free survival 3 228/233 121/125 0.98 [0.81, 1.20]* 23 0.85
RO resection rate 7 863/772 736/665 0.92 [0.69, 1.23] 0 0.57
Positive resection margin 2 561/512 120/100 1.10 [0.81, 1.49] 0 0.53
Lymph nodes harvested >12 2 154/142 141/131 0.92 [0.26, 3.25] 48 0.9
Recurrence 2 91/95 28/33 0.84 [0.45, 1.55] 0 0.57
?Pooled RR
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0.49, 95% CI, 0.31-0.77, P=0.002, 2).
Among overall complication, the pooled results showed

Figure

a significant reduction in wound infection among the
LC group (OR=0.36, 95% CI, 0.15-0.86, P=0.02).
In addition, the incidence of perioperative transfusion
in the LC group was lower than that in the OC
group (OR=0.39, 95% CI, 0.28-0.55, P<0.01).
The pooled results showed no significant differences in
terms of intra-abdominal abscess (OR=1.08, 95% CI,
0.41-2.81, P=0.88), ileus (OR=0.41, 95% CI, 0.09-1.80,
P=0.24), anastomotic leakage (OR=1.38, 95% CI,
0.61-3.12, P=0.44), diverting stoma (OR=0.54, 95%
CI, 0.21-1.41, P=0.21), mortality (OR=1.39, 95%
CI, 0.26=7.47, P=0.7), RO resection rate (OR=0.92,
95% CI, 0.69-1.23, P=0.57), positive resection margin
(OR=1.10, 95% CI, 0.81-1.49, P=0.53), and
lymph nodes harvested >12 (OR=0.92, 95% CI, 0.26-
3.25, P=0.9).

10.3389/fsurg.2022.1006717

Oncological outcomes

The pooled results showed no significant difference in 5y OS
between the LC group and OC group (RR =0.96, 95% CI, 0.82-
1.12, P=0.6, Figure 2). Also, no significant difference was found
in the rate of 5y DFS between the groups (RR=0.98, 95% CI,
0.81-1.20, P=0.85, Figure 2). There was no significant
between-group difference in terms of recurrence (OR=0.84,
95% CI, 0.45-1.55, P=0.57) between the two groups.

Trial sequential analyses

The potential false-positive errors of the meta-analysis were
found in the length of hospital stay (days) (Figure 3A), blood
(Figure 3B), operation (Figure 3C)
complications (Figure 3E), the TSA results showed that the
cumulative Z-curve crossed the conventional boundary but

loss time and

did not cross the futility boundaries or the trial sequential

A Overall complications

Test for overall effect: Z=0.19 (P = 0.85)

FIGURE 2

LC group OC group Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% ClI
Bellio 2017 10 39 20 38 16.4% 0.31[0.12,0.81] —_—
De'Angelis 2016 30 106 36 106 30.4% 0.77 [0.43,1.38) —
Kang 2017 7 52 21 57 16.3% 0.27 [0.10,0.70] ——
Takahashi 2017 8 48 13 36 150% 0.35[0.13,0.98]
Vignali 2013 15 70 19 70 21.9% 0.73[0.34,1.59) =
Total (95% ClI) 315 307 100.0% 0.49[0.31,0.77] S 4
Total events 70 109
Heterogeneity: Tau®= 0.09; Chi*= 5.97, df= 4 (P = 0.20); F= 33% =0 = 051 1=0 100:
Test for overall effect: Z= 3.07 (P = 0.002) Favours [LC group] Favours [OC group]
B 5-year overall survival
LC goup OC group Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Vignali 2013 3 70 41 70 257% 0.88 [0.65,1.19]
De'Angelis 2016 63 106 64 106 48.0% 0.98[0.79,1.23]
Kang 2017 32 52 35 57 26.3% 1.00[0.74,1.35)
Total (95% Cl) 228 233 100.0% 0.96 [0.82, 1.12]
Total events 131 140
Heterogeneity: Tau®= 0.00; Chi*= 0.47, df= 2 (P = 0.79); F= 0% 0 o1 u=1 ; 140 100‘
Test for overall effect: Z= 0.52 (P = 0.60) Favours [LC goup] Favours [OC group]
C 5-year disease-free survival
LC goup OC group Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI
De'Angelis 2016 61 106 53 106 431% 1.15(0.90,1.48]
Kang 2017 28 hZ 36 57 29.9% 0.85[0.62,1.17)
Vignali 2013 32 70 36 70 27.0% 0.89 [0.63, 1.25)
Total (95% CI) 228 233 100.0% 0.98 [0.81, 1.20]
Total events 121 125
Heterogeneity: Tau®= 0.01; Chi*= 2.60, df= 2 (P = 0.27); F= 23% =0 o1 0=1 : 1’0 mu:

(A) The pooled results showed significant decrease in overall complications with LC compared with OC. (B, C) The pooled results showed no
significant difference in 5-year overall survival and 5-year disease-free survival between the treatment groups.

Favours [LC group] Favours [OC group]
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monitoring boundary (TSMB). Therefore, more trials are
needed before drawing a definite conclusion. For mortality
(Figure 3F), recurrence (Figure 4E), and positive resection
margin status (Figure 4F), neither the TSMB nor the
traditional boundary was crossed, indicating the lack of
specific evidence and the need for more research. For
perioperative transfusion (Figure 3D), the cumulative Z-curve
crossed the TSMB and the traditional boundary, indicating
conclusive evidence in the LC group compared with the OC
group. The meta-analyses of 5y OS (Figure 4A) and 5y DFS
(Figure 4B) did not differ statistically significant; the
cumulative Z-curve crossed neither the traditional boundary
nor the TSMB, but it crossed the futility boundaries,
suggesting no statistical significance between-group difference
and no need of further study. The cumulative Z-curve of
lymph nodes harvested >12 (Figure 4C) and RO resection
rate (Figure 4D) crossed the RIS, suggesting firm evidence of
no statistical significance in the LC group compared with OC

group.

GRADE of the outcomes

The GRADE system was applied to synthesize and evaluate
the evidence level for the outcomes (Table 4). The power of
length

complications, ileus, diverting stoma, and wound infection,

evidence was moderate in of hospital stay,
while it was low in operation time, blood loss, RO resection
rate, mortality, 5y OS, 5y DFS, lymph nodes harvested >12,
anastomotic leakage, intra-abdominal abscess, infectious
complication, recurrence, and adjuvant chemotherapy. The
level of evidence was high in perioperative transfusion and

very low in soft diet start.

Evaluation of publication bias

A funnel plot of RO resection rate was applied to visually
assess publication bias in this meta-analysis. The funnel plot
of RO resection rate suggested a lack of publication bias
(Figure 5).

Discussion

The safety and oncological outcomes of LC for pT4
colon cancer remain controversial. In the meta-analysis, we
included 7 prospective observational studies comparing the
efficacy of LC with OC for colon cancer, all of which are
scored as high-quality studies based on the MINORS
scores (42-48). The results showed that LC could be
performed with lesser perioperative transfusion, lesser
blood loss, lesser complications, lesser wound infection,
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and shorter length of hospital stay. Furthermore, there was
no significant difference between the two groups in terms
of 5y OS, 5y DFS, RO resection rate, positive resection
margin, lymph nodes harvested >12, and recurrence. Based
on the TSA results, the current evidence for the potential
advantages of LC on perioperative transfusion appeared
reliable and conclusive. Meanwhile, TSA results suggested
that the comparable outcomes in terms of 5y OS, 5y DFS,
lymph nodes harvested >12, and RO resection rate drawn
from this meta-analysis were reliable and no need of
further study.

The perioperative short-term outcomes were significantly
more superior in the LC group for colon cancer in terms of
lesser blood loss, lesser perioperative transfusion, lesser
complications, lesser wound infection, and shorter length of
hospital stay. Moreover, the evidence of the advantage of LC
on perioperative blood transfusion seemed to be reliable and
decisive. Based on the existing literature, LC for T4a colon
tumor might be safe, but it should be performed cautiously
for T4b colon cancer requiring multivisceral resection (MVR)
(6, 49, 50). However, several study groups have reported the
safety and effectiveness of Lap MVR (47, 51, 52). Both studies
considered that patients with urinary tract invasion were not
suitable for lap MVR because the technical complexity and
possibility of complications outweighed the gains (47, 48).
Nevertheless, with the maturity of laparoscopic surgery
technology, especially with the appearance of robotic surgery,
had
experience. Therefore, this technology depends, at least to

ureterectomy and anastomosis accumulated  rich
some extent, on the technology of urologists in each hospital.
However, several studies reported that MVR was related to
high postoperative morbidity and increased risk of conversion
(49, 50, 53). Some studies have pointed out that preoperative
conversion was associated with poor postoperative outcomes,
such as increased postoperative complication rate and
mortality, and even a poor prognosis (54, 55). However,
studies have reported that conversion has been divided into
two types: (I) strategic conversion, which is a prescient
decision to avoid complications; (II) reactive conversion, i.e.,
difficulties

complications (56, 57). It is well known that strategic

laparotomy due to unexpected surgical or
conversion can bring better results than reactive conversion
(56). Takahashi et al. reported that except for one case of
reactive conversion due to intraoperative bleeding, the other
five cases were strategic conversion. The results showed that
the reported postoperative complication rate was relatively
low, the patient’s hospital stay was not prolonged, and the
This suggested that

strategic conversion might not have a significant unfavorable

oncological results were favorable.

effect on short- and long-term outcomes.

Another worry is the risk of Rl resection-insufficient
clearance of cancer tissue. Our meta-analysis results showed
that there were no differences in the RO resection rate treated
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Trial sequential analysis (TSA). The adjusted required information size was calculated using oo = 0.05 (two-sided), B = 0.20 (power 80%), and an
empirical mean difference. (A) 5-year overall survival; (B) 5-year disease-free survival; (C) Lymph nodes harvested >12; (D) RO resection rate; (E)
Recurrence; (F) Positive resection margin status.
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TABLE 4 Strength of evidence for LC in patients with T4 colon cancer compared with OC.

Outcomes
risk with Lap

Anticipated absolute effects: Corresponding

Operation time

Blood loss

Length of hospital stay
(days)
Soft diet start (days)

Conversion

RO resection rate
Complications

Mortality

5-year OS

5-year DFS

Resection margin status
Perioperative transfusion
Tleus

Lymph nodes harvested
>12

Diverting stoma
Anastomotic leakage
Wound infection
Intra-abdominal abscess
Infectious complication
Recurrence

Adjuvant chemotherapy

The mean in the intervention groups was 11.48 higher

The mean in the intervention groups was 121.12 lower

The mean in the intervention groups was 5.34 lower

The mean in the intervention groups was 3.58 lower

Study population

Lap

120 per 1,000 (101-143)
851 per 1,000 (811-884)
212 per 1,000 (146-298)
10 per 1,000 (2-53)
575 per 1,000 (483-662)
526 per 1,000 (422-630)
211 per 1,000 (164-266)
100 per 1,000 (74-135)
55 per 1,000 (13-204)
916 per 1,000 (756-975)

34 per 1,000 (13-84)
70 per 1,000 (32-145)
40 per 1,000 (17-91)
67 per 1,000 (27-158)
130 per 1,000 (85-196)
309 per 1,000 (193-452)
619 per 1,000 (498-730)

Corresponding risk with  Assumed risk with

Open

861 per 1,000
355 per 1,000
7 per 1,000
601 per 1,000
536 per 1,000
195 per 1,000
222 per 1,000
124 per 1,000
923 per 1,000

61 per 1,000
51 per 1,000
104 per 1,000
62 per 1,000
185 per 1,000
347 per 1,000
624 per 1,000

95% CI No of Quality of
participants evidence
(studies) (GRADE)
8.85 lower to 31.81 622 (5 studies) LOW
higher
236.08 to 6.15 lower 545 (4 studies) LOW
9.04 to 1.64 lower 622 (5 studies) MODERATE
10.14 lower to 2.99 321 (2 studies) VERY LOW
higher
Relative effect
(95% CI)
OR 0.92 (0.69-1.23) 1,635 (7 studies) LOW
OR 0.49 (0.31-0.77) 622 (5 studies) MODERATE
OR 1.39 (0.26-7.47) 545 (4 studies) LOW
OR 0.9 (0.62-1.3) 461 (3 studies) LOW
OR 0.96 (0.63-1.47) 461 (3 studies) LOW
OR 1.1 (0.81-1.49) 1,073 (4 studies) LOW
OR 0.39 (0.28-0.55) 1,213 (3 studies) HIGH
OR 0.41 (0.09-1.8) 398 (3 studies) MODERATE
OR 0.92 (0.26-3.25) 296 (2 studies) LOW
OR 0.54 (0.21-1.41) 429 (3 studies) MODERATE
OR 1.38 (0.61-3.12) 429 (3 studies) LOW
OR 0.36 (0.15-0.86) 398 (3 studies) MODERATE
OR 1.08 (0.41-2.81) 289 (2 studies) LOW
OR 0.66 (0.41-1.08) 538 (4 studies) LOW
OR 0.84 (0.45-1.55) 186 (2 studies) LOW
OR 0.98 (0.59-1.63) 538 (4 studies) LOW

GRADE Working Group grades of evidence.

High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: we are very uncertain about the estimate.

with laparoscopic surgery and the evidence of comparable RO
resection rates was reliable. RO resection was very important
for the cancer treatment of T4 patients, and it was also the
principal factor affecting the survival after MVR (47, 49, 58).
Some people worried that choosing the lap method might
threaten the implementation of RO (48). The COLOR trial,
about 20% of T4 patients detected a microscope positive edge
(R1), compared to 1% of T3 patients; However, the open
group had little superiority (T4, 17.6%; T3, 1.0%) (59).
Takahashi et.al reported that the Rl rate in lap group did not
increase and two patients in lap group underwent RI
palliative resection for stage IV patients (47). Therefore, the
risk of R1 resection in the treatment of T4 tumors with Lap
method had not been fully confirmed.
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Although the oncological safety of LC in the treatment of
colon cancer has been confirmed, there were scarce data on
LC in the treatment of T4 colon cancer. In this meta-analysis
and TSA of 7 prospective observational studies, there was no
significant difference in 5y OS, 5y DFS between two group
patients, which was in line with previous studies (4, 60). The
above results showed that the oncological results of LC for
pT4 colon cancer are acceptable.

Our results also revealed that laparoscopic surgery did not
increase the recurrence rate of T4 colon cancer patients when
compared with open surgery. Consistent with our research,
several large meta-analysis and original research had
confirmed this conclusion (4, 8, 61, 62). However, after
literature search, there were still several reports that
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FIGURE 5
The bilateral symmetry shaped funnel plot of RO resection rate indicated a lack of publication bias.

laparoscopic surgery could increase the peritoneal and trocar
recurrence rate of T4 colon cancer patients (63-67). Wang
et al. reported that laparoscopic colectomy for T4 colon
cancer had a higher peritoneal recurrence rate than open
surgery (18.1 vs. 10.6 percent; RR 1.56, 1.23-1.99; P=
0.0003) (66). In addition, a review published in 1998 showed
that trocar recurrence seemed to be secondary to a variety of
factors,  including  pneumoperitoneum,  laparoscopic
instruments, biologic properties of the tumor, local trauma,
and individual surgical skills (63). Therein, careful patient
selection in operative approach for T4 colon cancer is
needed especially for patients at high risk of intraperitoneal
tumor spread.

Recently, there had also been studies on the safety and
effectiveness of robot approaches for T4 colon cancer (68-70).
An NCDB propensity score-matched analysis of open,
laparoscopic, and robotic approaches demonstrated that
compared with T4 colon cancer open resection, laparoscopic
and robot-assisted surgery had achieved better tumor
prognosis and survival rate and robot-assisted surgery was
significantly associated with a lower conversion rate compared
with laparoscopic surgery (69). This case-matching study
the

techniques in T4 colon cancers (69). Further multicenter,

demonstrated safety of wusing minimally invasive
large-sample randomized controlled trials are needed to verify
these results.

Our present meta-analysis has several advantages. The

search methodology and inclusion criteria were rigorous, with

Frontiers in Surgery

a systematic literature search to determine the relevant
prospective observational studies without restrictions. Further,
TSA integrated information indicators and effect indicators,
which was more conservative and might be more accurate. In
the evaluation setting of non-significant results, TSA could
help determine whether “more studies needed” to reduce
uncertainty when cumulative Z-curve did not cross the futility
boundary. However, this study has some shortcomings. First,
there trials
information on quality of life in the literature included in this
meta-analysis. Second, because different literatures had
different definitions of T4 (T4a vs. T4b, clinical T4 vs.
pathological T4), there was heterogeneity between the studies.

were no randomized controlled and no

Conclusion

In conclusion, laparoscopic surgery is as acceptable as open
surgery for T4 colon cancer in terms of the conversion rate, RO
resection rate, short-term and oncological outcomes.
laparoscopic surgery is an innovative and promising approach
the of T4 TSA  results

demonstrated that further research is not needed to evaluate

for treatment colon cancer.
the 5y OS, 5y DFS, RO resection rate, positive resection
margin status, lymph nodes harvested >12 and perioperative
transfusion differences between two techniques. Additional

multicenter, large-sample randomized controlled trials to
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evaluate the safety and effectiveness of robot and laparoscope
technology for T4 colon cancer are needed in the future.
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Background: Forkhead Box Protein C2 (FOXC2) belongs to the Forkhead/
Wing-helix family. The regulatory role of this transcription factor in
physiological function and carcinogenic activity has been proven in
subsequent investigations. However, there is still scarcity of evidence on the
relationship between FOXC2 expression and prognosis in human solid
tumors. We conducted this meta-analysis to evaluate the role of FOXC2 as a
prognosis factor and a possible target marker in human solid tumors.
Methods: PubMed, Web of Science, Embase, and the Cochrane library
database were all searched methodically. Eligible publications on FOXC2 in
human solid tumors were gathered and reviewed. The effect sizes were
calculated using pooled hazard ratios (HRs) or odds ratios (ORs) with the
corresponding 95% confidence interval (Cl). Statistical analysis was
conducted with Stata SE12.0.

Results: This meta-analysis comprised 3,267 patients from 20 studies covering
a variety of solid tumors. Increased FOXC2 expression was related to shorter
overall survival (OS) (HR=2.05, 95% Cl: 173-2.42). High expression of
FOXC2 is associated with lymph node metastases (OR = 3.33, 95% Cl: 2.65—
4.19), TNM stage (OR =3.09, 95% CI: 2.00-4.78), and age (OR =1.26, 95%
Cl: 1.06-1.50), according to the pooled ORs. However, no significant
association was observed between the high expression of FOXC2 and sex,
tumor size or tumor differentiation.

Conclusion: Increased expression of FOXC2 is associated with unfavored OS,
lymph node metastases, TNM stage, and age. FOXC2 is a promising
prognostic marker and a novel target marker in human solid tumors.
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Introduction

The transcription factor forkhead box (FOX) is a family with a
highly conserved winged-helix DNA-binding domain (1, 2). FOX
family members are involved in cell growth, differentiation, aging
and carcinogenesis, and various regulatory and functional activities
(3, 4). From FOXA to FOXR, there are 17 gene subfamilies of
FOX and more than 14 have been identified in humans (5).
FOXC2, also known as the mesenchyme forkhead-1 (MHFI),
consists of a single exon located on the chromosomal band
16p24.1 (6). FOXC2 is necessary for the development of the lungs
(7), bone (8), cardiovascular system (9), adipose tissue in adults
(10), and various other organs or tissues. In addition to physiologic
functions as cellular metabolism, angiogenesis and wound healing,
dysregulated FOXC2 contributes to tumorigenesis and malignancy
progression in cell proliferation, metabolic reprogramming, lymph-
angiogenesis, epithelial-mesenchymal transition (EMT), and drug
resistance (11-16). Recent studies have reported that FOXC2 is
dysregulated in malignancies, including breast cancer (13), gastric
cancer (17), esophageal carcinoma (18).

Currently, there is an increasing interest on the oncogenic role of
FOXC2 both in vivo and in vitro. FOXC2 has also merged as a
potential molecular target in preclinical/clinical studies due to the
dysregulated expression level and nuclear localization. Previous
studies have associated expression levels of FOXC2 with clinical
and  pathological  characteristics including tumor  size,
differentiation, metastasis, and stage (19, 20). However, there is still
lack of proof that FOXC2 expression in human solid tumors has
significant predict value. This analysis was carried out in order to

systematically assess the potential prognostic significancy of FOXC2.

Methods
Literature search

A systematic literature search was undertaken in PubMed,
Web of Science, Embase, and Cochrane library databases
before April, 2022. The following keywords and search terms
were used to find potentially eligible studies: (“Forkhead box
protein C2” OR “FOXC2> OR “MHFI” OR “mesenchyme
forkhead1”) AND (“cancer” OR “carcinoma” OR “neoplasm”
OR “tumor” OR “malignancy”) AND
“survival”). Additional research was found by looking through

(“prognosis” OR
the references of the selected articles. The Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
statement was used in this analysis (21).

Study selection

The following were the selection criteria of this analysis: (1)
patients with solid tumors diagnosed pathologically; (2) the
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FOXC2
immunohistochemistry

in tissue

(IHC)
polymerase chain reaction (q-PCR); (3) available data for
calculating odds ratio (OR) with 95% CIs were depicted; (4)
only the study with the most extensive or recent data was

expression were  determined by

or quantitative real-time

considered, if multiple publications wused employed
overlapping samples from the same institution; (5) patients
were categorized into groups based on high and low FOXC2
expression levels. Exclusion criteria in this meta-analysis were
as follows: (1) duplicate publications; (2) research with no
data or data from animal or cellular experiments; (3) only
serum levels of FOXC2 expression were detected; (4) studies
only provided Kaplan-Meier curves but no multivariate data;

(5) reviews, letters, case reports, or expert opinions.

Date extraction and quality assessment

The two screened the all

publications, classified and sorted out the titles and abstracts of

independent investigators
the literature retrieved from reading, excluded duplicate
literatures and literature failed inclusion criteria, contacted the
original author for relevant information for the literature with
incomplete information report, and determined whether it
could be included in the final study after obtaining the full text.
The research team shall assist in solving any dispute. The
following information was retrieved from eligible articles: name
of first author; publication year; sample size; cancer kind;
of FOXC2;
methodology; outcome measuring; patient follow-up; HRs with

criteria.  for increased expression detecting
corresponding 95% CI; and clinical characteristics (age, sex,
tumor size, lymph node metastases, distant metastases, TNM
stage). We preferred multivariate analysis in research with both
univariate and multivariate analyses because it is better at
explaining confounding factors. If there was a disagreement, a
compromise was sought through debate until everyone agreed.
The quality evaluation for eligible studies was undertaken by 2
independent investigators (CW and LZ), and any discrepancies
were handled by consensus among all authors. The Newcastle-
Ottawa Scale (NOS) tool was used to evaluate the quality of all
eligible studies (22). The NOS scores ranged from 0 to 9. High

quality was assigned to studies with NOS score > 6.

Statistical analysis

Stata SE12.0 was applied to conduct this meta-analysis (Stata
Corp., College Station, USA). The heterogeneity of the included
studies used Chi-square-based Q test and I? statistic (23). P<
0.05 for the Q test and an I*>50% indicates significant
heterogeneity. For studies with no obvious heterogeneity (P, >
0.05, 12<50%), the fixed-effects model was adopted, and the
random-effects model was used for others (P, <0.05, >
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50%). The sensitivity analysis was conducted to check the stability
of results. Begg’s and Egger’s tests were conducted to investigate
potential publication bias (24). Differences with P <0.05 were
considered as statistically significant.

2697 of records identified through
PubMed, Embase, Web of Science
and Cochrane Library searching

221 potentially relevant studies
after reviewing titles and abstracts

Studies were excluded:
| * 174 duplicates
* 26 reviews and letters

19 studies met the inclusion criteria

1 additional studies
identified by manually

] [ Eligibility ] [ Screening | (Identification

- searching
'53 20 full-text articles included in
= qualitative analysis

FIGURE 1

Literature search and selection flowchart.

10.3389/fsurg.2022.960698

Results
Study characteristics

The procedure of literature retrieval was depicted in
Figure 1. A total of 3,267 patients with solid tumors were
included in eligible articles published between 2011 and
2021 (17-19, 25-40). These studies were conducted in
China (n=12), Japan (n=>5), Singapore (n=1), Spain (n=
1), and Norway (n=1). Mean of patient sample size was
163 (from 61 to 338). In this meta-analysis, 15 varying
solid tumor kinds were summarized, including 2 non-
small-cell lung cancer, 2 breast cancers, 2 esophageal
squamous cell carcinoma, 2 colorectal cancer, 2 cervical
cancer, and 1 each of glioma, oral squamous cell
carcinoma, pulmonary neuroendocrine tumors,
extrahepatic cholangiocarcinoma, hepatocellular carcinoma,
gastric cancer, oral tongue squamous cell carcinoma,
ovarian cancer, prostate cancer, and phyllodes tumor of
the breast. All of the specimens were well preserved, and
diagnosis was made based on pathological findings. The
main characteristics of enrolled studies are summarized in
Supplementary Table S1. Eligible studies included in this
meta-analysis had NOS scores ranging from 5 to 9, with a

mean of 6.5.

Study %
ID HR (95% CI) Weight
Nishida 2011 1.79 (1.16, 2.75) 15.42
Li2012 2.35(1.37,4.03) 9.79
Jiang 2012 2.05(0.75, 5.57) 2.84
Watanabe 2013 2.38 (1.11,5.12) 4.85
Galvan 2014 1.85(1.01, 3.38) 7.80
Wang 2014 5.27 (2.71, 10.25) 6.42
Sasahira 2014 1.90 (0.97, 3.72) 6.27
Imayama 2015 - 31.23 (1.94, 503.84) 0.37
Jiang 2016 1.90 (0.82, 4.39) 4.07
Shimoda 2018 2.21(1.06, 4.59) 5.33
Borretzen 2019 1.80(1.07, 3.02) 10.60
Ma 2020 1.65(1.04, 2.64) 12.97
Sun 2021 1.79 (1.12, 2.84) 13.28
Overall (I-squared = 13.1%, p=0.313) 2.05(1.73,2.42) 100.00
I I
00198 504
FIGURE 2
Forest plots for the relationship between high FOXC2 expression and OS.
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Prognostic value of FOXC2 in patients
with solid tumors

In 13 articles, the overall survival (OS) was reported. The pooled
hazard ratios (HRs) and corresponding 95% CI were estimated by
the fixed-effects model. The results indicated a mild heterogeneity
in studies (I = 13.1%, P, = 0.313). HRs for the increased FOXC2
expression against the low FOXC2 expression were 2.31 (95% CI:
1.73-2.42) (Figure 2). Patients with increased expression of
FOXC2 presented significantly shorter OS, indicating that
increased FOXC2 expression was associated with unfavored OS.

Clinical and pathological characteristics
associated with FOXC2 expression

The pooled results (Supplementary Table S2) showed that
elevated expression of FOXC2 was significantly related with

10.3389/fsurg.2022.960698

lymph node metastases (OR=3.33, 95% CIL: 2.65-4.19, P<
0.05) (Figure 3A), TNM stage (OR =3.09, 95% CI: 2.00-4.78,
P <0.05) (Figure 3B), and age (OR =1.26, 95% CI: 1.06-1.50,
P <0.05) (Figure 3D). However, no significant correlation was
observed between increased expression of FOXC2 and tumor
differentiation (Figure 3C), sex, or tumor size (data not
shown). Due to a lack of data, we were unable to detect the
relationship between FOXC2 overexpression and other clinical

and pathological characteristics.

Sensitivity analysis

Sensitivity analysis was conducted to assess the FOXC2
expression and OS by gradually deleting each individual
research from the pooled analysis. The purpose of this
approach is to evaluate the impact of the deleted data set on

Study %
D OR (95% CI) Weight Study *
D OR (95% Cl) Weight
i
Nishida 2011 —_— 4.89 (1.23, 19.47) 244
Liz012 q-! 342(165,7.10) 1027 Nishida 2011 2.91(1.09,7.74) 10.10
Watanabe 2013 —a— 3.58(1.19, 10.73) 3.89
Li2012 1.74(0.84,361 13.08
Zhu2013 = 3.31(1.99,5.52) 18.15 ( )
Dai 2014 E 390149, 1026) 538 Watanabe 2013 — s 9.18(1.96,43.00) 575
i
Sasahira 2014 —'%; 1.44 (0,67, 3.10) 12.59 Zhu2013 —— 4.05(2.41,681) 15.93
Zheng 2014 . 5 1.73(0.09, 33.82) 094 Dai 2014 ——————  667(1.83,2435) 731
Imayama 2015 = 181(055,8.99) 487 Sasahira 2014 N 1.04(0.50, 2.15) 13.08
Li2015 == 2.98(1.62,5.47) 14.35
) = Imayama 2015 2.21(069,7.10) 833
Jiang 2016 3.11(1.59,6.09) 1365
Borretzen 2019 - 3.31(0.16, 69.92) 0.70 Li2015 — 2.94(161,5.40) 1471
i
Li2020 = 669 (2.91, 15.40) 603 Ma 2020 —_— 6.96(3.02, 16.01) 174
:
Sun 2021 ] 502(2.26,11.14) 698 Overall (I-squared = 58.5%, p = 0.013) <> 3.09 (2,00, 4.78) 100.00
Overall (I-squared = 0.0%, p = 0.607) @ 3.33(265,4.19) 100.00
}
: NOTE: Weights are from random effects analysis
H T T
T T 0233 1 43
0143 1 699
Study %
Study * D OR (95% Cl) Weight
1} OR (95% Cl) Weight
i
Li2012 ﬂ : 050 (0.25, 0.97) 10.98
[ Ik
Lizot2 184(1.02,371) 1108 Jiang 2012 1—%: 243 (1.07,5.50) 306
Zhu2013 037 (020,067) 1238 Watanabe 2013 0.86 (0.30, 2.49) 3.20
! 37 (020.087) Zhu 2013 1.81(1.09,3.02) 297
Watanabe 2013 1.43 (045, 4.52) 767 Dai 2014 1,23 (052, 2.90) 410
Cui2014 1.19(0.58, 2.46) 1123 Cui 2014 1.52(0.87, 2.64) 2.00
‘Sasahira 2014 -~ 0.68 (0.18, 2.50) 667 Wang 2014 —i 0.79(0.34,1.87) 5.18
Imayama 2015 411 (0,69, 24.58) 439 Sasahira 2014 0.98(0.47,2.04) 630
) Zheng 2014 7.05(038,130.92) 026
L2018 = 171(054, 457) B Imayama 2015 1.05 (0.37, 2.99) 301
Lim 2015 2.36 (0,62, 9.06) 6.43 Lim 2015 1.07 (0.62, 1.85) 10.91
Jiang 2016 —_— 0,89 (053, 1.49) 13.18 Li2015 ; 1.39 (0.75, 2.56) 7.59
Weng 2017 3850781899 547 Jiang 2016 1,39 (0.81,2.37) 1022
1 —% .64 (0.22,1. 81
Li2020 i 2.10(1.10, 3.98) 12.00 Wang 2017 ! 064(022,1.85) 58
L Shimoda 2018 —_—— 1.08 (0.36, 3.28) 267
Overall (I-squared = 63.5%, p = 0.002) <\> 1.33(0.86, 2.06) 100.00 Ma 2020 E_ 1.97 (1,05, 3.71) 608
Sun 2021 —_ 1.24(0.50, 3.09) 365
NOTE: Weighis are from random effects analysis
: . Overall (I-squared = 19.5%, p = 0.226) 1.26 (1.06, 1.50) 100.00
odor 1 216 i
H
T T T
00764 1 131
FIGURE 3
Forest plots for the relationship between FOXC2 overexpression and clinical and pathological characteristics. (A) Lymph node metastases, (B) TNM
stage, (C) tumor differentiation, (D) patient age.

Frontiers in Surgery

173

frontiersin.org


https://doi.org/10.3389/fsurg.2022.960698
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Zhang et al.

10.3389/fsurg.2022.960698

Meta-analysis estimates, given named study is omitted
O Estimate

| Lower CI Limit

Nishida 2011

Li 2012

Jiang 2012 |
Watanabe 2013 [

Galvan 2014 [ ¥ SRS .|

Wang 2014
Sasahira 2014
Imayama 2015

Jiang 2016
Shimoda 2018 I

Borretzen 2019 | .................................................... e (D) s e st ot v s s e 1 5 2 5 1 5 2 e e ‘
Ma 2020 | ...................................................... O e
Sun 2021 | ...............................................

| Upper CI Limit

0.48

FIGURE 4
Sensitivity analysis regarding overall survival.

the overall HRs. The fingdings were reliable, and the exclusion
of any study had no effect on the results (Figure 4).

Publication bias

Begg’s Test and Egger’s tests were conducted to evaluate the
publication bias. Findings revealed that there was no publication
bias between FOXC2 expression and OS in the included studies
(Figure 5).

Discussion

As a kind of genomic disease, lots of somatic mutations,
structural mutations and gene recombination occur during the
carcinogenesis process (41). There were 19.3 million new
cancer cases and 10.0 million cancer deaths estimated in 2020
worldwide, with cancer burden anticipated to rise to 28.4
million by 2040 (42). Despite advancements in cancer
surveillance enrollment, surgical techniques, systematic
therapy and palliative care, the survival of individuals with
solid tumors still remains unsatisfactory. Finding novel tumor
markers is critical in order to provide accurate diagnosis and
prospective therapeutic targets.

FOXC2 acts as a key mediator of tumor initiation and
progression, involving tumor proliferation, migration,
invasion, metastasis, and EMT (3). FOXC2 overexpression
has been reported in a range of tumor kinds, including lung
cancer (19), colorectal cancer (15), gastric cancer (16),

ovarian cancer (40) and glioma (32). Furthermore, FOXC2
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FIGURE 5
Publication bias in this meta-analysis.

overexpression was associated with clinical characteristics

and a poor prognosis (43, 44). FOXC2 is a novel
independent biological marker for predicting tumor
progression and survival because of its prognostic

significancy and association with clinicopathological features.
The prognosis effect of elevated FOXC2 expression was
assessed in patients with solid tumors. The findings
indicated that elevated FOXC2 expression was related with
shorter OS in solid tumors. Additionally, increased FOXC2
was closely associated with age, TNM stage and lymph node
metastasis, suggesting that FOXC2 could be a useful
biomarker for predicting prognosis in human solid tumors
based on clinical pathology. Targeting FOXC2 might be a
viable approach for these patients.
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The limitations of this analysis were as follows: first, in this
meta-analysis, the majority of the studies were conducted
among Asian population. Other ethnic groups, such as
Europeans, Africans and Americans, are relatively under-
studied, which may limit the global applicability of the results
discussed. Further high-quality studies from diverse ethnical
origins are necessary to investigate the therapeutic importance
of FOXC2. the fact that FOXC2
overexpression was associated with patient age, tumor

Second, despite

differentiation, lymph node metastasis and TNM stage, we
were unable to evaluate the association between FOXC2
overexpression and other clinical and pathological
characteristics due to insufficient data. Third, the number of
studies included in this analysis could restrict its statistical
power. Although no publication bias was found, potential
publication bias may still exist due to the insufficient studies
available for assessments. Then, inconsistencies in detecting
platforms, methodologies, and criteria for IHC or RT-PCR,
and distinct tumor kinds with varying prognostic differences
may lead to skewed results. Furthermore, the mean of NOS
scores is 6.5, implying that the quality of studies in this
analysis is acceptable but not supreme, which might be
inevitable in meta-analysis. Finally, the combined predictive
significance of FOXC2 and other tumor markers was not
assessed. As a result, higher quality multicenter studies with
larger population, as well as consistent criteria for assessing
the expression of FOXC2, are necessary for validation of the

findings.

Conclusion

In this analysis, increased expression level of FOXC2 is
associated with poor prognosis, as well as TNM stage, lymph
node metastases, and age. FOXC2 could serve as a novel
prognostic marker in solid tumors. For these patients,
targeting FOXC2 could be a feasible treatment option. To
corroborate the findings, further well-designed pre-clinical/
clinical studies with high-quality data are needed.
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Diffuse malignant peritoneal mesothelioma (DMPM) is an unusual and life-
threatening locally invasive tumor. The morbidity and mortality of the disease
are associated with progressive local effects in the abdominal cavity, such as
abdominal distention, painful sensations, and early saturation with reduced
oral intake, which eventually lead to intestinal obstruction and cachexia.
Computed tomography (CT) has been widely used as a first-line diagnostic
tool for DMPM. In addition, the most sensitive immunohistochemical
markers of DMPM include WT 1, D2-40, and calmodulin. This paradigm has
altered with the advancements in the immunohistochemical analysis of
BRCA1-Associated Protein 1 (BAP1) the lack of BAPL expression shows the
diagnosis of malignancy. DMPM is resistant to conventional chemotherapies.
Therefore, the gold standard for the treatment of DMPM is the combination
of cytoreductive surgery (CRS) and hyperthermic intraperitoneal
chemotherapy (HIPEC). The overexpression of the phosphatidylinositol 3-
kinase (PI3K)/AKT serine/threonine kinase 1 (AKT)/mammalian target of
rapamycin (mTOR) signaling pathway drives the malignant phenotype of
DMPM, thereby showing promising potential for the treatment of DMPM.
The coordinated activities among multiple RTKs are directly involved in the
biological processes of DMPM, suggesting that the combined inhibition of
the PI3K and mTOR signaling pathways might be an effective measure. This
treatment strategy can be easily implemented in clinical practice. However,
the combined inhibition of ERBB1(HER1)/ERBB2 (HER2) and ERBB3 (HER3)
requires further investigations. Thus, based on these, the discovery of novel
targeted therapies might be crucial to improving the prognosis of DMPM
patients.

KEYWORDS

diffuse malignant peritoneal mesothelioma (DMPM), hyperthermic intraperitoneal
chemotherapy (hipec), immunotherapy, targeted molecular therapy, signaling pathway

Introduction

Malignant peritoneal mesothelioma (MPM) is an unusual and invasive primary
malignancy of the peritoneum, which is characterized by the widespread multiple
meta-static nodules, originating from the peritoneum. MPM has been conventionally
classified into diffuse MPM (DMPM) and border-line forming MPM, including multi-
cystic PM (MCPM) and well-differentiated papillary PM (WDPPM). DMPM is a rare
type of primary malignancy, originating from the mesothelial cells in the peritoneum,
and is characterized by a diffused and invasive growth of the tumor along the
peritoneal surface.
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Incidence and epidemiology

DMPM accounts for 7%-30% of mesotheliomas (1). Wynn
and Miller first reported DMPM for the first time in 1908 (2).
The global epidemiological data of DMPM varies due to
differences in geographical locations, genetic susceptibilities,
and exposure levels of environmental and occupational
carcinogens. The United Kingdom, Australia, and New
Zealand have the highest incidence rates, while Japan,
Slovenia, and other central European countries have the
lowest incidence rates. The median age at the time of DMPM
diagnosis is earlier than other peritoneal surface malignancies
(63 71 years). Males are more likely to develop pleural
mesothelioma, while females are more likely to develop
DMPM. Moreover, DMPM occurs in younger females more
likely as compared to the DMPM, occurring in male patients.
The incidence rates of DMPM in the United States are 19.4
million and 4.1 million among the male and females
populations, respectively, with about 15,000 new confirmed
cases each year; the median age at the time of diagnosis is
63.3 years with a latency period of about 40-50 years from
asbestos exposure to disease development (3, 4). There are
limited epidemiological studies conducted on DMPM in
China. Zhao et al. reported that the overall incidence and
mortality rates increased from 2.14 to 3.14 million and 1.24 to
2.44 million, respectively, in the asbestos-exposed population
at the time of DMPM diagnosis in China from 2000 to 2013.
The mean ages at the time of DMPM diagnosis were 55.2
years in the exposed population and 47.3 years in the non-
exposed population (5).

Etiology and pathogenesis

Asbestos is believed to be the most frequent carcinogen,
causing pleural mesothelioma. Although it has a weak
correlation, it is considered one of the high-risk factors for
DMPM. Approximately, one-third of the DMPM patients
have a history of previous asbestos exposure (4). The
timing and duration of asbestos exposure are not directly
correlated with the disease progression, suggesting that
long-term asbestos exposure might not cause DMPM. On
the contrary, the short-term exposure might cause a
substantial tumor burden. Numerous randomized and
the
Screening Trial (NLST) and International Early Lung

observational studies, including National Lung
Cancer Action Program (IELCAP), screened asbestos-
exposed workers using chest computed tomography (CT)
Although

moderately consistent epidemiological correlation between

for lung screening programs. there is a
the DMPM and asbestos exposure, no screening program or

plan has been proposed for the early detection of DMPM.
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Therefore, researchers have recommended annual
abdominal ultrasonography for individuals with a history of
asbestos exposure to improve early detection (6). Other
physicochemical carcinogens include gross zeolite, xylene,
The
factors associated with DMPM include chronic peritonitis

and therapeutic radiation. In addition, DMPM is also

mica, and talcum powder. other  physical

associated with genetic susceptibility and simulated jejunum
40 (7).

Clinical presentation

Most DMPM cases are asymptomatic or non-specific in
their early stages. However, DMPM has an insidious onset
and is diagnosed in the middle to late stages with a median
the of symptoms to diagnosis of

four months. The diversified clinical
presentations mainly depend on the degree of intra-abdominal

time from onset

approximately

spread. The most common symptoms include abdominal
distention (41%-86%) and abdominal pain (31%-87%). Other
clinical manifestations include weight loss (32%), abdominal
masses (30%), fever (22%), diarrhea (17%), vomiting (15%),
and new hernias (12%). In addition, about 8% of the cases are
incidentally diagnosed. The typical growth of DMPM is
characterized by an extensive growth along the peritoneal
surface with little involvement of the extra-abdominal organs.
The enlargement of the local lymph node might obstruct the
superior vena cava or compress the vital organs, thereby
showing the corresponding signs and symptoms. In some
patients, the acute abdominal disease is the primary clinical
manifestation, such as malignant intestinal obstruction or
gastrointestinal perforation. During its progression, DMPM
might also be accompanied by paraneoplastic syndromes, such
as fever, thrombocytopenia,
hypoglycemia,
anemia, and nephrotic syndrome.

malignancy-associated

thrombosis, Coombs-positive  hemolytic

Staging

Due to the inconsistent occurrence of lymph nodes and
spread of metastasis, DMPM does not fit into the typical
Tumor-Node-Metastasis (TNM) staging system for tumors.
Yan et al. [2011] presented a staging system based on the
degrees of peritoneal disease burden (T), intraperitoneal
lymph node metastasis (N), and extraperitoneal metastasis
(M) (8). The T stage was determined based on the
index (PCI)
(Figure 1) (9). The Peritoneal Surface Oncology Group
International(PSOGI) classified DMPM into three stages,
including Stages I, II, and III, based on this TNM principle
(Table 1).

calculation of the peritoneal carcinoma
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Regions esion size Lesion size score

0 Central LS 0 No tumor seen

1 Right upper LS1 Tumor upto 0.5 cm

2 Epigastrium LS 2 Tumor up to 5.0 cm

3 Left upper LS3 Tumor> 5.0 cm

4 Left flank or confluence

5 Left lower

6 Pelvis

7 Right lower

8 Right flank

9 Upper jejunum

7 6 5 o . —

10 Lower jejunum

11 Upper ileum

12 Lower ileum
FIGURE 1
Peritoneal cancer Index (PCI) scoring system (9). Lesion size (LS) should be considered. The absence of malignant deposits is indicated by an LS-0
score: the tumor nodules less than 0.5 cm are indicated by an LS-1 score (the number of tumor nodules is not scored; only the size of the largest
nodule is calculated); tumor nodules between 0.5 cm and 5.0 cm are indicated by an LS-2 score; and tumor nodules of more than 5.0 cm in either
direction are indicated by LS-3 score. The confluence of stratification of tumors also indicates a score of LS-3 in the abdominal or pelvic areas. Each
of the 13 areas received an LS score. The patient’s peritoneal cancer index was calculated as the average lesion size score for each of the 13
abdominal-pelvic areas. The highest score was 39 or 13*3.

TABLE 1 TNM staging system for diffuse malignant peritoneal
mesothelioma (DMPM).

Stage PCI T N M 5-year survival rates
1 1-10 T N, M, 87%
11 11-30  Ths N, M, 53%
11 >30 T, Noot Mo 29%
Tl*‘t Nl Ml)fl
T4 No-1 M,

T refers to PCI: T, (PCI 1-10), T, (PCI 11-20), Ts (PCI 21-30), and T4 (PCI 30—
39), which were significantly associated with the patient survival rates. N refers
to lymph node status: No without lymph node metastasis and N; with lymph
node metastasis. M refers to extra-abdominal metastasis: My without extra-
abdominal metastasis and M; extra-abdominal metastasis.

Diagnosis and pathology

Diagnostic imaging/preoperative work-
ups

Computed tomography (CT)

Currently, for the preoperative evaluation of DMPM, the
CT scan is the preferred radiological method (10). This
might be due to the feasibility, cost, short acquisition time,
of
radiologists. In addition, a CT scan can detect peritoneal

and relative ease interpretation by non-trained
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diseases either malignant disease or plaques, and can
identify asbestos exposure. In general, a CT scan can show
mesenteric thickening, peritoneal effusion, greater omental
thickening, peritoneal thickening, abdominal masses, and
extra-abdominal metastases (11). Recent studies suggested
that CT scans might help in diagnosing DMPM and other
peritoneal surface malignancies (PSM) (12, 13). A meta-
analysis showed that the CT scan tended to under-value
the disease burden, regarding the small-volume diseases of
these results were similar to the
(14-16).
However, these results might not indicate a restriction of

intestine;
of the peritoneal diseases

the small
imaging analyses

CT scans in determining the surgical resectability of the
preoperative workup for DMPM, given that high PCI is
not one of the exclusion criteria for the surgical treatment
of DMPM.

Magnetic resonance imaging (MRI)

MRI can be used as an imaging method for the diagnosis
and preoperative evaluation of DMPM. It can more
accurately assess the tumor progression, quantify PCI
scores, diagnose peritoneal effusion, and determine disease
stage (17, 18).
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Fluorine-18 fluorodeoxyglucose (18F-FDG)-
positron emission tomography-contrast-
enhanced CT (PET/CT)

PET/CT has been recently introduced for the diagnosis of
DMPM and has shown a promising potential due to the
significant differences in the standardized uptake value (SUV)
of 18F-FDG. PET/CT can be used to differentiate benign
peritoneal lesions from malignant mesothelioma. Additionally,
PET/CT can more accurately determine the preoperative
staging lymph node status as compared to the CT alone and
can also more sensitively detect the potential recurrent lesions
with specificity accuracy and sensitivity of 89%, 87%, and
86%, respectively (19). These data, although heartening,
require further verification by additional studies to highlight
the importance of PET/CT in the preoperative evaluation of
DMPM.

Laparoscopy

Laparoscopy is an effective method used for the diagnosis of
DMPM due to its minimal invasiveness and clear visualization
of the abdominal cavity. Laparoscopy can more accurately assess
the resectability of DMPM, avoid ineffective open surgery, and
has lower complications and mortality. Laparoscopy can better
assess the small peritoneal metastatic lesions as compared to
CT. The sensitivity, specificity, positive prediction value,
negative prediction value, and accuracy of the laparoscopic
preoperative evaluation are 100%, 75%, 96.6%, 100%, and
96.9%, respectively (20). However, for patients with poor
abdominal conditions, such as previous surgery or high tumor
load, laparoscopy might
preoperative evaluation. The laparoscopic incision has a risk

not achieve a comprehensive
of implanting metastases as well (21, 22). The preoperative
laparoscopy should be performed during subsequent surgery
for the prevention of port site recurrence, thorough
assessment of the abdominal cavity, and evaluation of serum,
mesentery, and PCI (23). The biopsy of the diaphragmatic
peritoneum is associated with local inflammatory reactions
and adhesions, which limit the subsequent diaphragmatic
peritoneal resection; therefore, surgery should be performed
with caution or even avoided. The procedure of laparoscopy
can be videotaped for repeated evaluation by the subsequent

specialist (20).

Diagnostic histopathology

Most DMPM cases can be easily detected or strongly
suspected based on immunohistochemical (IHC) staining and
routine hematoxylin and eosin (H&E) staining. The results of
H&E staining for the detection of DMPM can be classified as
micropapillary clear cell, tubular papillary, solid, mucinous,
pleomorphic sarcomatous, and biphasic. The sarcomatous
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type is characterized by the presence of closely spaced

spindle-shaped  cells. = Moreover, = few  sarcomatous
mesotheliomas are also observed with scattered malignant
bony, muscle-like, or cartilage-like structures. The biphasic
type includes both the sarcomatous and epithelial subtypes
and accounts for at least 10% of the DMPM cases (24). In
clinical practice, THC staining is indispensable for the
pathological diagnosis of DMPM. The histological diagnosis
of DMPM should be performed by an expert pathologist,
because the treatment recommendations are based on the
specific assessment of histological subtypes and aggressiveness,
including high Ki-67 index and high mitotic rate (25).
DMPM can be

peritoneal plasmacytoma based on the IHC analysis and

differentiated from adenocarcinoma and
specific biomarkers. The IHC markers include positive
markers, such as WT'1(tumor suppressor gene), calretinin, and
D2-40, which the

differentiation, negative

confirm presence of mesothelial

and markers, such as
carcinoembryonic antigen (CEA), thyroid transcription factor
1 (TTF-1), claudin-4, and polyclonal which confirm the
presence of DMPM (26-28). Notably, no single IHC marker
is completely sensitive and specific. Therefore, a combination
of the positive and negative markers, including at least two
mesothelial cell markers (D2-40, calretinin, WT1) and two
cancer cell markers (TTF-1, CEA, polyclonal, claudin-4), is
recommended for the diagnosis of DMPM (29). The most
sensitive marker for sarcomatous mesothelioma is D2-40/
Podoplanin (transmembrane mucoprotein) (30). The broad-
MNF116 (pan-Cytokeratin
antibody), AEI/AE3 (pan-Cytokeratin antibody), and pan-

cytokeratin,

spectrum  keratins, such as

are expressed in both mesothelioma and

carcinoma and are not specific.

Treatment options

DMPM was once considered an end-stage disease with a
median overall survival (OS) of only 6 to 12 months after
diagnosis. Recently advancements have been made in the
treatment of DMPM, including both single chemotherapy and
multiple forms of combination therapies, such as a
combination of cytoreductive surgery (CRS) and hyperthermic
(HIPEC),

chemotherapy, peritoneal chemotherapy, immunotherapy, and

intraperitoneal chemotherapy systemic

targeted molecular therapy.

Combination of CRS and HIPEC

DMPM is mostly disseminated in the abdominal cavity.
PSOGI established a
strategy by combining the CRS and HIPEC as its core

recently comprehensive treatment

treatments for the resection and control of tumor progression;
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TABLE 2 Preoperative, intraoperative, and postoperative managements
for the combined CRS-HIPEC treatment.

Item

Preoperative management
Preoperative anaesthetic
assessment

Physical exercise/
prehabilitation

Preoperative optimisation

Nutritional screening,
supplementation

PONYV prevention

Preoperative bowel
preparation

Preoperative fasting and
carbohydrate treatment

Intraoperative management

Antimicrobial prophylaxis
and skin preparation

Standard anaesthetic protocol

Intraoperative normothermia

Intraoperative
normoglycaemia

Recommendation

Preoperative anaesthetic assessment (including
cardiac risk, obstructive sleep apnea and frailty
screening)

Prehab programme of physical exercise should
be indicated routinely

Smoking and alcohol cessation (alcohol abusers)
four weeks before surgery should be indicated
routinely

Anemia identification and correction
preoperatively should be indicated routinely

Preop nutritional screening using a validated
tool and measuring serum albumin should be
indicated routinel

Nutritional and protein supplementation in
cases of severe malnutrition should be indicated
routinely

Oral immunonutrition could be indicated

At least 2 antiemetic drugs should be indicated
routinely to prevent PONV
TIVA could be indicated to prevent PONV

MBP alone for patients undergoing CRS +
HIPEC including probable colectomy should
not be indicated

MBP alone for patients undergoing CRS +
HIPEC including probable rectal resection could
be indicated

In patients undergoing CRS + HIPEC, oral
antibiotic decontamination with or without
preoperative MBP could be indicated

Preoperative fasting of 6 h for solids and 2 h for
liquids should be indicated routinely
Carbohydrate loading until 2 h before induction
of anaesthesia could be indicated

PrAntiseptic shower, shaving and adhesive
drapes could be indicated

Ophylactic antibiotics within 1 h before incision
should be indicated routinely

Antibiotic prophylaxis during the postoperative
period should not be indicated

Cricoid pressure during rapid sequence
intubation could be indicated

Epidural analgesia should be indicated routinely
Multimodal analgesia with one or several agents
could be indicated routinely

Protective ventilation should be indicated
routinely

Cardiac output monitoring should be indicated
routinely

Deep neuromuscular block and reversal by
specific antagonists could be indicated

Prevention of intraoperative hypothermia by use
of active warming devices should be indicated
routinely

Diabetes screening and intraoperative glycaemic
control should be indicated routinely
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TABLE 2 Continued

Item Recommendation

Perioperative fluid Use of GDFT and catecholamines guided by

management advanced/invasive monitoring should be
indicated routinely

Substitution of losses (fluids and protein) by use
of crystalloids could be indicated

Limiting postop fluid-related weight gain is
advised

Transfusion and management
of coagulopathy

Restrictive transfusion should be performed
routinely

TXA alone or with cryoprecipitate could be
administered

Prothrombin complex concentrate could be
administered

Early extubation Early extubation should be done routinely
Postoperative management

Nasogastric drainage Prophylactic nasogastric drainage should not be

done

Urinary indwelling catheter Removal of urinary catheter as early as

postoperative day 3 is recommended
Removal of urinary catheter before removal of
the epidural catheter could be indicated

Postoperative analgesia Thoracic epidural analgesia containing local

anaesthetics and short-acting opiates is
recommended

After TEA removal, analgesia with paracetamol
(acetaminophen), NSAIDs and opioids is
recommended

PONYV, postoperative nausea and vomiting; TIVA, total intravenous anesthesia;
MBP, mechanical bowel preparation; GDFT, goal directed fluid therapy; TXA,
tranexamic acid.

this strategy is preferred for the treatment of DMPM. With a
median OS of 38.4 to 63.2 months, a five-year survival rate of
39.0% to 91.3%, and a perioperative mortality rate of 0 to 6%,
the death risk among the patients with serious adverse events
in the perioperative period is more than twice that of the
patients without serious adverse events. Effective management,
including preoperative, intraoperative, and postoperative
management, in the perioperative period for the combined
CRS and HIPEC might effectively reduce perioperative
mortality (Table 2) (31-33). The combined CRS and HIPEC
treatment strategy can completely resect the visible tumor,
which can be seen with the naked eye. The supplementation
of high-dose HIPEC can enhance treatment efficacy under
hyperthermia. The most effective HIPEC regimen is the
combination of HIPEC with high-dose

chemotherapeutic agents, circulating in all the regions of

platinum-based

abdominal and pelvic cavities, under sustained hyperthermia
(43°C),  which cytotoxicity  of  the
chemotherapeutic agents (Figure 2). The adverse events of

enhances  the
combined CRS and HIPEC mainly include pulmonary

infection, biliary leakage, abdominal abscess, deep vein
thrombosis, anastomotic leakage, congestive heart failure,
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FIGURE 2
Equipment required for hyperthermic intraperitoneal chemotherapy
(HIPEC) (9).

intestinal leakage, intestinal obstruction, incision dehiscence,
hematological toxicity, cerebral infarction, pleural effusion,
and moderate to severe hypoalbuminemia. These adverse
events are correlated with the duration of surgery, PCI score,
number of anastomoses, and organs or peritoneum resected
(33). The adverse events are graded based on the PSOGI
study (6) and consist of 48 adverse events, which are divided
into 9 categories; each of which is classified as grade I-V.
Grade I adverse events do not require intervention; grade II
adverse events require drug therapy; grade III adverse events
can be cured by conservative treatment and usually require
intervention by auxiliary examinations, such as imaging; grade
IV adverse events require intervention in the operation
theater; and grade V adverse events are the patients’ deaths.
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Among these, grade III-V adverse events are defined as SAE
(severe adverse events).

Systemic chemotherapy (SC)

Palliative systemic chemotherapy

Pleural mesothelioma and DMPM are two different types of
tumors. The effects of chemotherapeutic agents are similar for
both these tumor types. However, the clinical trials, evaluating
systemic therapy for the treatment of DPMP are limited. This
might be due to the less effectiveness of single-agent and
combination chemotherapies against DMPM with remission
rates below 15%-20%. In phase III clinical trial, Vogelzang
et al. recommended the use of pemetrexed in combination
with cisplatin as a first-line chemotherapy regimen for the
treatment of malignant pleural mesothelioma (34, 35). Two
that
combination with cisplatin could effectively treat DMPM
(median OS of 8.7 months 13.1
respectively) (36, 37). The results showed that pemetrexed was

more studies reported pemetrexed alone or in

rates and months,
well-tolerated with a low incidence of grade III/IV adverse
events, among which, hematologic toxic reactions (2%) and
non-hematologic toxic reactions, such as dehydration (7%),
nausea (5%), and vomiting (5%), were the most common. A
phase II clinical trial (38) showed that the combination of
pemetrexed with gemcitabine could extend the median OS of
DMPM patients to 26.8 months. However, the combined
treatment regimen showed a higher incidence rate of serious
This the

chemotherapy regimen for inoperable patients. The alternative

adverse  events. combination  is first-line
second-line regimens include the combination of cisplatin
with

monoclonal

irinotecan or gemcitabine and tremelimumab, a
antibody cytotoxic  T-lymphocyte-

associated antigen 4 (CTLA4). However, the current second-

against

line regimens have not shown any survival advantage in the
relapsed or refractory cases.

Perioperative chemotherapy

Adjuvant chemotherapy combined with a drug regimen is
recommended for DMPM patients, receiving the combination
of CRS and HIPEC and having at least one poor prognostic
factor, such as sarcomatous or biphasic type, involvement of
lymph node, Ki-67>9%, PCI >17, adjuvant chemotherapy
combined with a drug regimen is advised. The patients,
receiving CRS + HIPEC and having a good prognosis, such as
complete CRS, epithelial type, no lymph node involvement,
Ki-67 < 9%, PCI <17, require regular follow-up. It is unclear
whether the patients will be benefitted from the adjuvant
chemotherapy. The most preferred chemotherapy regimen is a
combination of platinum and pemetrexed.
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Peritoneal chemotherapy (PC)

PC can be used to treat malignant tumors on the peritoneal
surface. The administration of high-dose chemotherapeutic
drugs into the peritoneal cavity can reduce their systemic
adverse effects. Studies on the intraperitoneal chemotherapy
for DMPM have recommended postoperative intraperitoneal
chemotherapy to enhance the efficacy of CRS and HIPEC
(39). There types of
intraperitoneal chemotherapies. For the patients with DMPM,
receiving CRS and HIPEC combination therapy,
adjuvant therapy (EPIC and/or NIPEC) can be recommended
with if the
postoperative clinical conditions are adequate. Long-term

combination therapy are two

local

in combination systemic  chemotherapy
regional chemotherapy can improve the survival rates of
DMPM patients (40).

intraperitoneal chemotherapy regimen. An in-vitro study (41)

However, there is no definitive
suggested that the cisplatin and gemcitabine or cisplatin and
pemetrexed combination therapies were more effective as
the

chemotherapy; this study can serve as a basis for further

compared to single-agent  cisplatin in  thoracic

studies on the abdominal chemotherapy regimens.

Immunotherapy

Malignant mesothelioma is sensitive to immunotherapy.
Currently, preclinical studies and small sample clinical trials
have been conducted on immunotherapy of mesothelioma.
(TNFa), (IEN),
granulocyte-macrophage colony-stimulating factor (GM-CSF),

Tumor necrosis  factor-o interferon
and interleukin-6 (IL-6) are effective immunotherapeutic
agents for mesothelioma (42). Tani et al. (43) also reported
that the combination of activated cytotoxic T lymphocytes
(CTL) and chemotherapy was effective for DMPM patients. A
phase II clinical trial (44) used tremelimumab, an anti-CTLA4
antibody, as a second-line treatment for mesothelioma,
showing a disease control rate of 31% and progression-free
survival (PFS) of 6 months. In addition, an animal study (45)
showed that the pulse-treated dendritic cells could inhibit
mesothelioma growth and control the local recurrence of
mesothelioma. The immune-related drugs can kill tumor cells
by blocking the negative costimulatory signaling pathways and
activating the effector T cells. Simultaneously, the activated T
cells can attack normal tissues and induce inflammatory
cascades or even inflammatory storms by releasing cytokines,
such as ILs and IFNs, resulting in various degrees of
immunotherapy-related adverse reactions (irAEs). The irAEs
can spread to various organ systems throughout the body,
causing numerous toxicities, such as immunotherapy-related
skin toxicity, gastrointestinal toxicity, liver toxicity, endocrine
adverse reactions, pulmonary toxicity, bone and muscle
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toxicity, and rare immunotherapy-related toxicities, including

neurotoxicity,  cardiotoxicity, = ocular  toxicity, = and
nephrotoxicity (Figure 3) (46). The diagnosis and treatment
of malignancy by a multidisciplinary team (MDT) approach
through multidimensional discussions and analyses of irAEs
can diagnose malignancy as early as possible, formulate a
reasonable diagnosis, develop a reasonable treatment pathway
and strategy, improve the efficiency of diagnosis and
treatment plan, and improve the prognosis and quality of life
of the patients (47). Further studies are needed to explore the

efficacy of immunotherapy on DMPM.

Targeted molecular therapy

In most DMPM patients, strong ERBB1 (HERI) activation
is associated with the co-activation of ERBB2 (HER2), ERBB3
(HER3), Axl receptor tyrosine kinase (Axl), and c-Met/
hepatocyte growth factor receptor (MET); this activation is
mediated mainly by the heterodimerization of receptors and
by an autocrine-paracrine loop, which is induced by the
expression of its cognate ligand. miRNA34a can downregulate
the expression of Axl (48). Mutations were found in the
structural domain of MET Sema in two “progressive” DMPM
patients. The combined targeted molecular therapy of Axl and
MET could inhibit the cellular motility in the DMPM cell line
obtained from “progressive’” DMPM. A study (49) also
suggested that the coordinated activity of multiple crosstalk
receptor tyrosine kinases (RTKs) was directly involved in the
biological processes of DMPM. These results strongly
recommend that the combined inhibition of ERBB1/ERBB2
and ERBB3, MET and Axl, or PI3K/AKT/mTOR signaling
pathway might be a valid therapeutic strategy, which requires
further clinical investigations.

Conclusions

DMPM is an unusual primary malignancy of the peritoneal
mesothelial cell origin. The etiology and pathogenesis of DMPM
are unknown. It might be caused by the interaction of
the
susceptibility of the patients. Most early-stage patients are

carcinogenic  environmental  factors and genetic
asymptomatic or have non-specific symptoms, thereby having
a high misdiagnosis rate and poor prognosis. Some patients
might benefit from the combination therapy of CRS and
HIPEC. Complete CRS is an indicator of a good prognosis.
The combination of pemetrexed and cisplatin is the first-line
chemotherapy regimen for patients, who cannot undergo
surgery. Adjuvant chemotherapy with the combination of
pemetrexed and cisplatin is recommended for DMPM
patients, receiving the combination of CRS and HIPEC and

having at least one poor prognostic factor. The optimal
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FIGURE 3
Diagram of immune checkpoint inhibitor-related toxicities (46).
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outcome after combination therapy is determined by the
pathological and biological markers of disease aggressiveness,
such as proliferative activity and podoplanin expression. The
patients, receiving the combination of CRS and HIPEC and
having a favorable prognosis, require regular follow-up.
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Moreover, the effectiveness of adjuvant chemotherapy is
needed to be further evaluated. This includes a physical
CT of the
laparoscopy, and serum cancer markers. The best practice for
managing DMPM is the peritoneal surface malignancy-

examination, scan chest/abdomen/pelvis,
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multidisciplinary team (PSM-MDT). PSM-MDT might
significantly change the evaluation and management of
DMPM. The phosphatidylinositol 3-kinase (PI3K)/AKT
serine/threonine (AKT)/mammalian target of

rapamycin (mTOR) signaling pathway is overactivated or

kinase 1

altered in many cancer types, thereby regulating a wide range
of the
proliferation, metabolism,

cellular processes, such cellular  survival,
growth,
metastasis. The overexpression of this signaling pathway also
the of DMPM,
promising potential developing novel
Further

molecular biology and immunology of this disease might

as

angiogenesis, and

drives malignant phenotype showing

for interventional

strategies. research and understanding of the

enhance the therapeutic strategies for the long-term survival
and quality of life of DMPM patients.

Author contributions

SHG and LBS conceived and designed the study and helped
to draft the manuscript. CGL performed the data collection. All
authors contributed to the article and approved the submitted

version.

References

1. Moolgavkar SH, Meza R, Turim J. Pleural and peritoneal mesotheliomas in
SEER: age effects and temporal trends, 1973-2005. Cancer Causes Control.
(2009) 20:935-44. doi: 10.1007/s10552-009-9328-9

2. Miller J, William H. A malignant tumor arising from the endothelium of
peritoneum, and producing mucoid ascetic fluid. J Pathol Bacteriol. (1908)
12:267-78. doi: 10.1002/path.1700120212

3. Bianchi C, Bianchi T. Global mesothelioma epidemic: trend and features.
Indian J Occup Environ Med. (2014) 18:82-8. doi: 10.4103/0019-5278.146897

4. Bridda A, Padoan I, Mencarelli R, Frego M. Peritoneal mesothelioma: a
review. MedGenMed. (2007) 9:32.

5. Carbone M, Guo Z, Mao W. Improving the accuracy of mesothelioma
diagnosis in China. ] Thorac Oncol. (2017) 12:e132. doi: 10.1016/j.jtho.2017.04.020

6. Kusamura S, Kepenekian V, Villeneuve L, Lurvink R], Govaerts K, De Hingh
IHJT, et al. Peritoneal mesothelioma: PSOGI/EURACAN clinical practice
guidelines for diagnosis, treatment and follow-up. Eur ] Surg Oncol. (2021)
47:36-59. doi: 10.1016/j.€js0.2020.02.011

7. Gazdar AF, Carbone M. Molecular pathogenesis of malignant mesothelioma
and its relationship to simian virus 40. Clin Lung Cancer. (2003) 5:177-81. doi: 10.
3816/CLC.2003.n.031

8. Yan TD, Deraco M, Elias D, Glehen O, Levine EA, Moran BJ, et al. A novel
tumor-node-metastasis (TNM) staging system of diffuse malignant peritoneal
mesothelioma using outcome analysis of a multi-institutional database*. Cancer.
(2011) 117:1855-63. doi: 10.1002/cncr.25640

9. Sugarbaker PH. Successful management of microscopic residual disease in
large bowel cancer. Cancer Chemother Pharmacol. (1999) 43:515-25. doi: 10.
1007/5002800051093

10. Park JY, Kim KW, Kwon HJ, Park MS, Kwon GY, Jun §], et al. Peritoneal
mesotheliomas:  clinicopathologic features, CT findings, and differential
diagnosis. AJR Am ] Roentgenol. (2008) 191:814-25. doi: 10.2214/AJR.07.3628

11. Baratti D, Kusamura S, Deraco M. Circulating CA125 and diffuse malignant
peritoneal mesothelioma. Eur J Surg Oncol. (2009) 35:1198-9. doi: 10.1016/j.¢jso.
2009.04.007

12. Liang YF, Zheng GQ, Chen YF, Song H, Yin WJ, Zhang L. CT
Differentiation ~ of diffuse  malignant peritoneal —mesothelioma and

Frontiers in Surgery

185

10.3389/fsurg.2022.1015884

Acknowledgments

The authors would like to thank all the reviewers who
participated in the review and MJEditor (www.mjeditor.com)
for their linguistic assistance during the preparation of this
manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

peritoneal carcinomatosis. J Gastroenterol Hepatol. (2016) 31:709-15. doi: 10.
1111/jgh.13260

13. Kato K, Gemba K, Fujimoto N, Aoe K, Takeshima Y, Inai K, et al. Computed
tomographic features of malignant peritoneal mesothelioma. Anticancer Res.
(2016) 36:1067-72. doi: 10.21873/anticanres.11205

14. Low RN, Barone RM, Lucero J. Comparison of MRI and CT for predicting
the peritoneal cancer Index (PCI) preoperatively in patients being considered for
cytoreductive surgical procedures. Ann Surg Oncol. (2015) 22:1708-15. doi: 10.
1245/510434-014-4041-7

15. de Bree E, Koops W, Kroger R, van Ruth S, Verwaal V], Zoetmulder FAN.
Preoperative computed tomography and selection of patients with colorectal
peritoneal carcinomatosis for cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy. Eur J Surg Oncol. (2006) 32:65-71. doi: 10.1016/j.
€j50.2005.09.016

16. Koh JL, Yan TD, Glenn D, Morris DL. Evaluation of preoperative computed
tomography in estimating peritoneal cancer index in colorectal peritoneal
carcinomatosis. Ann Surg Oncol. (2009) 16:327-33. doi: 10.1245/510434-008-
0234-2

17. Low RN, Barone RM, Rousset P. Peritoneal MRI in patients undergoing
cytoreductive surgery and HIPEC: history, clinical applications, and
implementation. Eur J Surg Oncol. (2021) 47:65-74. doi: 10.1016/j.ejs0.2019.02.
030

18. Laghi A, Bellini D, Rengo M, Accarpio F, Caruso D, Biacchi D, et al.
Diagnostic performance of computed tomography and magnetic resonance
imaging for detecting peritoneal metastases: systematic review and meta-
analysis. Radiol Med. (2017) 122:1-15. doi: 10.1007/s11547-016-0682-x

19. Dubreuil J, Giammarile F, Rousset P, Rubello D, Bakrin N, Passot G, et al.
The role of 18F-FDG-PET/ceCT in peritoneal mesothelioma. Nucl Med Commun.
(2017) 38:312-8. doi: 10.1097/MNM.0000000000000649

20. Laterza B, Kusamura S, Baratti D, Oliva GD, Deraco M. Role of explorative
laparoscopy to evaluate optimal candidates for cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy (HIPEC) in patients with peritoneal
mesothelioma. In Vivo. (2009) 23:187-90. doi: 10.1016/j.poly.2004.04.009

21. Nunez MF, Sardi A, Jimenez W, Nieroda C, Sittig M, MacDonald R, et al.
Port-site metastases is an independent prognostic factor in patients with

frontiersin.org


http://www.mjeditor.com
https://doi.org/10.1007/s10552-009-9328-9
https://doi.org/10.1002/path.1700120212
https://doi.org/10.4103/0019-5278.146897
https://doi.org/10.1016/j.jtho.2017.04.020
https://doi.org/10.1016/j.ejso.2020.02.011
https://doi.org/10.3816/CLC.2003.n.031
https://doi.org/10.3816/CLC.2003.n.031
https://doi.org/10.1002/cncr.25640
https://doi.org/10.1007/s002800051093
https://doi.org/10.1007/s002800051093
https://doi.org/10.2214/AJR.07.3628
https://doi.org/10.1016/j.ejso.2009.04.007
https://doi.org/10.1016/j.ejso.2009.04.007
https://doi.org/10.1111/jgh.13260
https://doi.org/10.1111/jgh.13260
https://doi.org/10.21873/anticanres.11205
https://doi.org/10.1245/s10434-014-4041-7
https://doi.org/10.1245/s10434-014-4041-7
https://doi.org/10.1016/j.ejso.2005.09.016
https://doi.org/10.1016/j.ejso.2005.09.016
https://doi.org/10.1245/s10434-008-0234-2
https://doi.org/10.1245/s10434-008-0234-2
https://doi.org/10.1016/j.ejso.2019.02.030
https://doi.org/10.1016/j.ejso.2019.02.030
https://doi.org/10.1007/s11547-016-0682-x
https://doi.org/10.1097/MNM.0000000000000649
https://doi.org/10.1016/j.poly.2004.04.009
https://doi.org/10.3389/fsurg.2022.1015884
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Sun et al.

peritoneal carcinomatosis. Ann Surg Oncol. (2015) 22:1267-73. doi: 10.1245/
$10434-014-4136-1

22. Garofalo A, Valle M. Laparoscopy in the management of peritoneal
carcinomatosis. Cancer J. (2009) 15:190-5. doi: 10.1097/PPO.0b013e3181a58¢e93

23. Passot G, Dumont F, Goéré D, Arvieux C, Rousset P, Regimbeau JM, et al.
Multicentre study of laparoscopic or open assessment of the peritoneal cancer
index (BIG-RENAPE). Br ] Surg. (2018) 105:663-7. doi: 10.1002/bjs.10723

24. Marchevsky AM. Application of immunohistochemistry to the diagnosis of
malignant mesothelioma. Arch Pathol Lab Med. (2008) 132:397-401. doi: 10.5858/
2008-132-397-A0ITTD

25. Turkcu G, Alaballk U, Keles AN, Ibiloglu I, Kiigiikoner M, Sen HS, et al.
Comparison of SKIP expression in malignant pleural mesotheliomas with ki-67
proliferation index and prognostic parameters. Pol J Pathol. (2016) 67:108-13.
doi: 10.5114/PJP.2016.61445

26. Ordonez NG. Immunohistochemical diagnosis of epithelioid mesothelioma:
an update. Arch Pathol Lab Med. (2005) 129:1407-14. doi: 10.5858/2005-129-
1407-IDOEMA

27. Facchetti F, Gentili F, Lonardi S, Bercich L, Antin AS. Claudin-4 in
mesothelioma diagnosis. Histopathology. (2007) 51:261-3. doi: 10.1111/§.1365-
2559.2007.02743.x

28. Anttila S. Epithelioid lesions of the serosa. Arch Pathol Lab Med. (2012)
136:241-52. doi: 10.5858/arpa.2010-0216-RA

29. Husain AN, Colby TV, Ordénez NG, Allen TC, Attanoos RL, Beasley MB,
et al. Guidelines for pathologic diagnosis of malignant mesothelioma 2017 update
of the consensus statement from the international mesothelioma interest group.
Arch Pathol Lab Med. (2018) 142:89-108. doi: 10.5858/arpa.2017-0124-RA

30. Chirieac LR, Pinkus GS, Pinkus JL, Godleski ], Sugarbaker DJ, Corson JM.
The immunohistochemical characterization of sarcomatoid malignant
mesothelioma of the pleura. Am J Cancer Res. (2011) 1:14-24.

31. Ren H, Wan X, Wei C, Yang G. Spatiotemporal variations in cardiovascular
disease mortality in China from 1991 to 2009. BMC Cardiovasc Disord. (2019)
19:159. doi: 10.1186/s12872-019-1128-x

32. Solanki SL, Mukherjee S, Agarwal V, Thota RS, Balakrishnan K, Shah SB,
et al. Society of onco-anaesthesia and perioperative care consensus guidelines
for perioperative management of patients for cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy (CRS-HIPEC). Indian ] Anaesth.
(2019) 63:972-87. doi: 10.4103/ija.IJA_765_19

33. Li J, Wang AR, Chen XD, Zhang YX, Pan H, Li SQ. Effect of hyperthermic
intraperitoneal chemotherapy in combination with cytoreductive surgery on the
prognosis of patients with colorectal cancer peritoneal metastasis: a systematic
review and meta-analysis. World ] Surg Oncol. (2022) 20:200. doi: 10.1186/
512957-022-02666-3

34. Li Y, Zhou YF, Liang H, Wang HQ, Hao JH, Zhu ZG, et al. Chinese Expert
consensus on cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy for peritoneal malignancies. World ] Gastroenterol. (2016)
22:6906-16. doi: 10.3748/wjg.v22.i30.6906

35. Ryan CW, Herndon J, Vogelzang NJ. A review of chemotherapy trials for
malignant mesothelioma. Chest. (1998) 113:665-73S. doi: 10.1378/chest.113.1_
Supplement.66S

Frontiers in Surgery

186

10.3389/fsurg.2022.1015884

36. Vogelzang NJ, Rusthoven JJ, Symanowski J, Denham C, Kaukel E, Ruffie P,
et al. Phase III study of pemetrexed in combination with cisplatin versus cisplatin
alone in patients with malignant pleural mesothelioma. J Clin Oncol. (2003)
21:2636-44. doi: 10.1200/JC0O.2003.11.136

37. Janne PA, Wozniak AJ, Belani CP, Keohan ML, Ross HJ, Polikoff JA, et al.
Open-label study of pemetrexed alone or in combination with cisplatin for the
treatment of patients with peritoneal mesothelioma: outcomes of an expanded
access program. Clin Lung Cancer. (2005) 7:40-6. doi: 10.3816/CLC.2005.n.020

38. Carteni G, Manegold C, MartinGarcia G, Siena S, Zielinski CC, Amadori D,
et al. Malignant peritoneal mesothelioma-results from the international expanded
access program using pemetrexed alone or in combination with a platinum agent.
Lung Cancer. (2009) 64:211-8. doi: 10.1016/j.lungcan.2008.08.013

39. Simon GR, Verschraegen CF, Janne PA, Langer CJ, Dowlati A, Gadgeel SM,
et al. Pemetrexed plus gemcitabine as first-line chemotherapy for patients with
peritoneal mesothelioma: final report of a phase II trial. J Clin Oncol. (2008)
26:3567-72. doi: 10.1200/JC0O.2007.15.2868

40. Sugarbaker PH, Welch LS, Mohamed F, Glehen O. A review of peritoneal
mesothelioma at the Washington cancer institute. Surg Oncol Clin N Am.
(2003) 12:605-21. doi: 10.1016/S1055-3207(03)00045-0

41. Sugarbaker PH, Chang D. Long-term regional chemotherapy for patients
with epithelial malignant peritoneal mesothelioma results in improved survival.
Eur ] Surg Oncol. (2017) 43:1228-35. doi: 10.1016/j.¢js0.2017.01.009

42. Cameron RB, Hou D. Intraoperative hyperthermic chemotherapy perfusion
for malignant pleural mesothelioma: an in vitro evaluation. J Thorac Cardiovasc
Surg. (2013) 145:496-504. doi: 10.1016/j.jtcvs.2012.10.042

43. Soulie P, Ruffié P, Trandafir L, Monnet I, Tardivon A, Terrier P, et al.
Combined systemic chemoimmunotherapy in advanced diffuse malignant
mesothelioma. Report of a phase I-II study of weekly cisplatin/interferon alfa-
2a. J Clin Oncol. (1996) 14:878-85. doi: 10.1200/JC0O.1996.14.3.878

44. Tani M, Tanimura H, Yamaue H, Mizobata S, Yamamoto M, Iwahashi M,
et al. Successful immunochemotherapy for patients with malignant
mesothelioma: report of two cases. Surg Today. (1998) 28:647-51. doi: 10.1007/
5005950050200

45. Calabro L, Morra A, Fonsatti E, Cutaia O, Amato G, Giannarelli D, et al.
Tremelimumab for patients with chemotherapy-resistant advanced malignant
mesothelioma: an open-label, single-arm, phase 2 trial. Lancet Oncol. (2013)
14:1104-11. doi: 10.1016/S1470-2045(13)70381-4

46. Hegmans JP, Hemmes A, Aerts JG, Hoogsteden HC, Lambrecht BN.
Immunotherapy of murine malignant mesothelioma using tumor lysate-pulsed
dendritic cells. Am J Respir Crit Care Med. (2005) 171:1168-77. doi: 10.1164/
rccm.200501-0570C

47. Darnell EP, Mooradian MJ, Baruch EN, Yilmaz M, Reynolds KL. Immune-
Related adverse events (irAEs): diagnosis, management, and clinical pearls. Curr
Oncol Rep. (2020) 22:39. doi: 10.1007/s11912-020-0897-9

48. Winters DA, Soukup T, Sevdalis N, Green J, Lamb BW. The cancer
multidisciplinary team meeting: in need of change? History, challenges and
future perspectives. BJU Int. (2021) 128:271-9. doi: 10.1111/bju.15495

49. Belfiore A, Busico A, Bozzi F, Brich S, Dallera E, Conca E, et al. Molecular
signatures for combined targeted treatments in diffuse malignant peritoneal
mesothelioma. Int ] Mol Sci. (2019) 20:5817. doi: 10.3390/ijms20225817

frontiersin.org


https://doi.org/10.1245/s10434-014-4136-1
https://doi.org/10.1245/s10434-014-4136-1
https://doi.org/10.1097/PPO.0b013e3181a58e93
https://doi.org/10.1002/bjs.10723
https://doi.org/10.5858/2008-132-397-AOITTD
https://doi.org/10.5858/2008-132-397-AOITTD
https://doi.org/10.5114/PJP.2016.61445
https://doi.org/10.5858/2005-129-1407-IDOEMA
https://doi.org/10.5858/2005-129-1407-IDOEMA
https://doi.org/10.1111/j.1365-2559.2007.02743.x
https://doi.org/10.1111/j.1365-2559.2007.02743.x
https://doi.org/10.5858/arpa.2010-0216-RA
https://doi.org/10.5858/arpa.2017-0124-RA
https://doi.org/10.1186/s12872-019-1128-x
https://doi.org/10.4103/ija.IJA_765_19
https://doi.org/10.1186/s12957-022-02666-3
https://doi.org/10.1186/s12957-022-02666-3
https://doi.org/10.3748/wjg.v22.i30.6906
https://doi.org/10.1378/chest.113.1_Supplement.66S
https://doi.org/10.1378/chest.113.1_Supplement.66S
https://doi.org/10.1200/JCO.2003.11.136
https://doi.org/10.3816/CLC.2005.n.020
https://doi.org/10.1016/j.lungcan.2008.08.013
https://doi.org/10.1200/JCO.2007.15.2868
https://doi.org/10.1016/S1055-3207(03)00045-0
https://doi.org/10.1016/j.ejso.2017.01.009
https://doi.org/10.1016/j.jtcvs.2012.10.042
https://doi.org/10.1200/JCO.1996.14.3.878
https://doi.org/10.1007/s005950050200
https://doi.org/10.1007/s005950050200
https://doi.org/10.1016/S1470-2045(13)70381-4
https://doi.org/10.1164/rccm.200501-057OC
https://doi.org/10.1164/rccm.200501-057OC
https://doi.org/10.1007/s11912-020-0897-9
https://doi.org/10.1111/bju.15495
https://doi.org/10.3390/ijms20225817
https://doi.org/10.3389/fsurg.2022.1015884
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

& frontiers | Frontiers in Surgery

’ @ Check for updates

OPEN ACCESS

EDITED BY
Cesare Ruffolo,
University Hospital of Padua, Italy

REVIEWED BY
Dmitry Enikeev,

|.M. Sechenov First Moscow State Medical
University, Russia

Ines Rivero Belenchon,

Virgen del Rocio University Hospital, Spain

*CORRESPONDENCE
Baolin Song
baolin_song@126.com

SPECIALTY SECTION

This article was submitted to Surgical
Oncology, a section of the journal Frontiers in
Surgery

RECEIVED 06 August 2022
AccepTED 02 November 2022
PUBLISHED 06 January 2023

CITATION

Li L, Zhu J, Shao H, Huang L, Wang X, Bao W,
Sheng T, Chen D, He Y and Song B (2023)
Long-term outcomes of radiofrequency
ablation vs. partial nephrectomy for cT1 renal
cancer: A meta-analysis and systematic review.
Front. Surg. 9:1012897.

doi: 10.3389/fsurg.2022.1012897

COPYRIGHT

© 2023 Li, Zhu, Shao, Huang, Wang, Bao,
Sheng, Chen, He and Song. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Surgery

Original Research
06 January 2023
10.3389/fsurg.2022.1012897

Long-term outcomes of
radiofrequency ablation vs.
partial nephrectomy for cT1
renal cancer: A meta-analysis
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Background: Partial nephrectomy (PN) is one of the most preferred nephron-
sparing treatments for clinical T1 (cT1) renal cancer, while radiofrequency
ablation (RFA) is usually used for patients who are poor surgical candidates.
The long-term oncologic outcome of RFA vs. PN for cTl renal cancer
remains undetermined. This meta-analysis aims to compare the treatment
efficacy and safety of RFA and PN for patients with cT1 renal cancer with
long-term follow-up of at least 5 years.

Method: This meta-analysis was performed following the PRISMA reporting
guidelines. Literature studies that had data on the comparison of the efficacy or
safety of RFA vs. PN in treating cT1 renal cancer were searched in databases
including PubMed, Embase, Web of Science, and the Cochrane Library from 1
January2000 to 1 May 2022. Only long-term studies with a median or mean
follow-up of at least 5 years were included. The following measures of effect
were pooled: odds ratio (OR) for recurrence and major complications; hazard
ratio (HR) for progression-free survival (PFS), cancer-specific survival (CSS), and
overall survival (OS). Additional analyses, including sensitivity analysis, subgroup
analysis, and publication bias analysis, were also performed.

Results: A total of seven studies with 1,635 patients were finally included. The
treatment efficacy of RFA was not different with PN in terms of cancer
recurrence (OR =122, 95% Cl, 0.45-3.28), PFS (HR =1.26, 95% CI, 0.75-2.11),
and CSS (HR =127, 95% Cl, 0.41-3.95) as well as major complications (OR =
131, 95% Cl, 0.55-3.14) (P>0.05 for all). RFA was a potential significant risk
factor for OS (HR=176, 95% Cl, 132-2.34, P<0.001). No significant
heterogeneity and publication bias were observed.

Conclusion: This is the first meta-analysis that focuses on the long-term
oncological outcomes of cT1 renal cancer, and the results suggest that RFA
has comparable therapeutic efficacy with PN. RFA is a nephron-sparing
technique with favorable oncologic efficacy and safety and a good treatment
alternative for cT1 renal cancer.
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Introduction

For patients with localized cT1 renal cancer warranting

curative  therapy, = nephron-sparing  treatments  are
recommended by most guidelines (1-4). Particularly, partial
nephrectomy (PN) has become the preferred therapeutic
modality for small renal cancer because quite a few clinical
observations reported similar oncologic outcomes to radical
nephrectomy (5-7). On the other hand, radiofrequency
(RFA),

technique with curative potential for solid tumor, was once

ablation a minimally invasive thermal ablation
considered an alternative therapy predominately for patients
not amenable to nephrectomy (8, 9).

With the clinical promotion of RFA application and
increased number of studies, several meta-analysis further
compared RFA and PN in treating renal cancer. A meta-
analysis by Pan et al. included 16 studies and found that the
local tumor recurrence rate in RFA group was higher than
that in PN group [odds ratio (OR)=1.81]. However, the
distant metastasis rate was not statistically different between
the two groups (OR=1.63) (10). Yang et al. analyzed the
outcome of radiofrequency ablation over partial nephrectomy
for renal mass smaller than 4 cm and identified eight eligible
studies for analyses from May 2007 to May 2015 (11). They
observed no statistical differences between the two groups in
5-year disease-free survival [hazard ratio (HR) =1.29, 95% CI,
0.71-2.32, P=0.4], local recurrence rate (OR=0.99, 95% CI,
0.38-2.58, P=0.98), and surgical complications [relative risk
(RR) =0.82, 95% CI, 0.37, 1.80; P=0.62] between RFA and
PN. Overall, the oncologic efficacy of RFA vs. PN has been
controversial and undetermined.
the
nephrectomy and radiofrequency ablation were very limited.

Previously, long-term results comparing partial
Olweny et al. first reported the oncologic outcomes at a
minimum of 5 years of follow-up and found that RFA yielded
(09),

survival (CSS), overall disease-free survival, local recurrence-

comparable 5-year overall survival cancer-specific
free survival, and metastasis-free survival to PN in 74 patients
(12). After that, the studies from China by Chang et al. also
reported that RFA had comparable 5-year oncologic outcomes
but better preservation of renal function than PN in clinical
Tla renal cancer (13) as well as in T1b renal cancer (14). Ji
et al. also reported 5-year overall, cancer-specific, and disease-
free survival rates of 93.3% vs. 94.6%, 98.0% vs. 98.5%, and
97.1% 97.3%, for RFA and PN, respectively (all
P-value>0.05) (15). Notably, the
difference in these statistics, there seem to be a trend of a

vs.
despite nonsignificant
lower oncologic efficacy for RFA. Therefore, the question of
whether RFA and PN have similar efficacy for clinical T1
renal cancer remains unsettled. Now, with the increased data
from long-term studies in recent years, we performed this
meta-analysis and systematic review to further update our
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knowledge of the long-term outcomes of RFA and partial
nephrectomy for cT1 renal cancer.

Materials and methods
Literature search

The meta-analysis and systematic review were conducted
and reported following the PRISMA guidelines (16, 17). We
searched all literature focusing on the comparison of RFA vs.
PN in patients with renal cancer with long-term follow-up of
at least 5 years in the following databases from 1 Jan 2000 to
1 May 2022: PubMed, Embase, Web of Science, and the
Cochrane Library. The following key words were used for the
literature search:

for searching literature focusing on renal cancer: renal, kidney,
rcc, nephritic;

for searching literature focusing on RFA: ablation, RFA, or
radiofrequency;

for searching literature focusing on PN: nephrectomy or surgical
or surgery or resection.

In addition, an additional literature search was performed via
checking the citation lists of the literature identified and
recent meta-analysis reviews. Literature was managed by the
software Endnotes (version X7). The protocol of this meta-
analysis has been registered in the International Prospective
Register of Systematic Reviews (PROSPERO, registration ID:
CRD42022329446).

Literature screening

There were two authors who independently reviewed the
literature and assessed its eligibility for inclusion. If there was
dissonance with the result, further discussion with the third
conducted. The
considered suitable for inclusion according to the PICOS

author was human-based studies were

guideline:

P (Population): patients with clinical T1 renal cancer (either
Tla or T1b);

I (Intervention): patients were treated by RFA;

C (Comparison): patients were treated by PN;

O (Outcome): at least one of the following main outcomes
should be
(recurrence, metastases, or progression-free survival (PFS),

reported: rate of recurrence, progression
CSS, and OS. Secondary outcome is the rate of major
complication;

S (Study design): a long-term comparative study with
median/mean follow-up time longer than 5 years in both

the RFA and PN groups.
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The following literatures were excluded during the screening of
title, abstract and full text:

(1)

)
A3)

duplicate literatures;

non-English literatures;

several types of literature that usually do not contain
original data: review, meta-analysis, guideline, letter,
comment, editorial, reply, and protocol;

case report;

nonrelevant topic; and

no available data were found in the full text review.

Data extraction

Two authors independently extracted raw data from each
study. The third author was responsible for checking the data
extracted by the two authors and resolving divergences via
discussion and literature review. The following raw data from
included studies were extracted: study location, stage of renal
cancer, ablation approach (percutaneous or laparoscopic),
ablation navigation (computed tomography or ultrasound),
surgical approach (open or laparoscopic), study sample size,
number of the surgery group, number of the ablation group,
average age of the entire population, follow-up duration of the
surgery group, follow-up duration of the ablation group, and
REN.AL. (18)
Furthermore, the following data were collected for further

nephrometry score of both groups.
data synthesis: the incidence of recurrence in the whole
follow-up period; the HR value and 95% CI of PFS, CSS, and
OS; and the incidence of major complications. If the HR and
95% CI were unavailable but the Kaplan-Meier (K-M) curve
were provided for PFS, CSS, or OS, then the statistics of time-
to-event were extracted from the Kaplan-Meier curve by
using the software Engauge, and the data were further used to
calculate the HR and 95% CI via the method provided by
Tierney et al. (19). All extracted data are collected in an Excel
file, which can be found in the Supplementary Material.

Definitions

Recurrence

Local recurrence was defined as a new focal enhancement in
the ablation bed or enlargement of the ablation defect on follow-
up imaging for RFA and a new mass at or near the PN site for
PN. Metastatic defined
disseminated disease, with or without pathologic confirmation.

recurrence was as extrarenal
Tumor recurrence included local recurrence and metastatic

recurrence.

Progression-free survival
PFS was defined as the period from the date of treatment
start or the baseline assessment until objective disease
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progression, subjective disease deterioration, or death,

whichever occurred first.

Cancer-specific survival

CSS was defined as the duration from the time of treatment
start or the baseline assessment to the date of renal cancer-
related death or the end of follow-up.

Overall survival

OS was defined as the duration from the time of treatment
start or the baseline assessment to the date of death or censor of
follow-up.

Major complication

Postoperative complications were categorized according to
the Common Terminology Criteria Adverse Events (CTCAE)
version 5.0:

(1) Grade 1: Mild adverse events (AEs); asymptomatic or
mild symptoms; requiring no treatment;
(2)

Grade 2: Moderate AEs; requiring less treatment; local

or noninvasive treatment;

(3) Grade 3: Severe AEs but not immediately life-
threatening;  hospitalization =~ or  prolong  of
hospitalization;

(4) Grade 4: Life-threatening; requiring emergency
treatment;

(5) Grade 5: Death due to AEs.

Major complications were considered CTCAE grade >3.

Study quality and risk of bias assessment

Based on the recommendations of Cochrane Collaborations,
two independent authors evaluated the quality of the included
studies using the ROBINS-I risk of bias assessment tool (20)
which consists of seven domains, namely, bias due to
confounding, bias in the selection of participants into the
study, bias in the classification of interventions, bias due to
deviations from intended interventions, bias due to missing
data, bias in measurement of the outcome, and bias in
the selection of the reported result (21). The dissonance of
the results was resolved in a similar way as described in the
Literature search section. The risk of overall bias was assessed
according to the summary of the above items.

Effect measures and synthesis methods

In the synthesis and presentation of results, the following
effect measures were obtained using the metan module of the
STATA software, version 15 (Stata Corporation, College
Station, TX, United States): OR and 95% CI for recurrence
and major complications, HR and 95% CI for PFS, CSS, and
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OS. The studies were eligible for each synthesis when the relative
raw data were available following the random effects model. For
missing values such as the HR for PFS, CSS, and OS, the
statistics were extracted from the Kaplan-Meier curves as
described above in the Data extraction section. The forest plots
were used to visually display the results of individual studies
and syntheses. Subgroup analysis was performed to explore
possible causes of heterogeneity among the study results. The
studies were divided into subgroups according to the following
factors: study location (United States, China, and Korea), stage
of renal cancer (Tla, Tlb, and T1a/T1b), ablation approach
(percutaneous and laparoscopic), ablation navigation (CT and
ultrasound), surgical approach (open and laparoscopic), average
age (<60 and >60 years), and REN.A.L. nephrometry score
(available and not reported). Sensitivity analysis was conducted
by omitting one literature at each analysis to evaluate the
robustness of the synthesized results using the metaninf module
of the STATA software.

Reporting bias assessment

To assess the risk of bias due to missing results in a
synthesis, the metabias module of STATA was used to

10.3389/fsurg.2022.1012897

perform Egger’s test. The P-value of Egger’s test <0.05 was
considered significant publication bias. The funnel plot for
identifying the underreported articles was also performed by
using the metafunnel module of STATA to visually display the
results of the reporting bias assessment.

Results

Study selection and characteristics of
included studies

As shown in Figure 1, a total of 2,640 and 35 studies were
initially identified from database searching and citation
searching, respectively. After screening by reviewing the title,
abstract, and full text, seven studies were finally included in
the meta-analysis (12-15, 22-24). As listed in Table 1, 1,635
patients with renal cancer (548 in the RFA group and 1,413
in the PN group) were included. Four studies were conducted
in China, two in the United States, and one in Korea. Both
Tla and T1b renal cancers were studied. RFA was performed
either percutaneously or laparoscopically. Ultrasound was the
most commonly used navigation technique for RFA (n =6 out
of 7) while PN was performed either open or laparoscopically.

[ Identification of studies via other methods ]

Reports not retrieved
Duplicate records with those

identified from databases (n =
29)

Reports excluded:

no i data (n=3)
not long-term studies (n = 2)

[ Identification of ies via and regi ]
c Records removed before
2 Records identified from Screening:
S databases: Pubmed, Web of > Duplicate records removed Records identified from:
£ Knowledge, Embase and (n=732) Citation searching (n = 35)
5 Cochrane (n = 2640) Records removed for other
k<] reasons (non-English
articles,n = 52)
|
— Records excluded:
review, meta-analysis,
Records screened (n = 1856) | guideline, case report, letter,
comment, editorial, reply,
l protocol (n = 529)
: Reports not retrieved: :
Reports sought for retrieval (n
@ - 1';27) sought for retrieval ( »| non-relevant topic (n = 1225) :T‘eggg)s sought for retrieval
E not long-term studies (n = 35)
: I !
a
Reports assessed for eligibility »| Reports d Reports assessed for eligibility
(n=67) no available data (n=61) (n=6)
__J
\4
o Studies included in meta- n=1
3 analysis
E (n=7)
FIGURE 1
Flow diagram of literature selection. Records were identified via databases (n = 2,640) and other methods (citation searching, n = 35). After screening,
a total of six and one records were considered eligible for inclusion from databases and other methods, respectively. Finally, seven studies were
included in the present meta-analysis.
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TABLE 1 Characteristics of included studies.

Study Study  Stage RFA RFA PN Study No.of No.of Average Follow- Follow-

location of approach navigation approach sample PN ablation age up of up of
RCC size group  group PN RFA
group group

Olweny United Tla P/L CT O/L 74 37 37 <60 66 61

(2012) States

Chang China T1b P/L us O/L 56 29 27 >60 71 73

(2015)*

Chang China Tla P/L UsS O/L 90 45 45 <60 69 67

(2015)°

Ji (2016) China Tla L Us L 179 74 105 >60 82 78

Liu China  Tla/Tlb P Us O/L 213 120 93 >60 80 77

(2017)

Park Korea Tla L UsS O 115 53 62 <60 68 60

(2019)

Andrews United Tla P USs/CT (¢] 908 835 73 >60 113 90

(2019) States

RCC, renal cell carcinoma; RFA, radiofrequency ablation; PN, partial nephrectomy; P/L: percutaneous or laparoscopic; L, laparoscopic; P, percutaneous; CT,
computed tomography; US, ultrasound; O/L, open or laparoscopic; O, open.

2Chang et al. in 2015 investigated the T1b stage RCC.

Chang et al. in 2015 investigated the Tla stage RCC.

The median/mean follow-up duration ranged from 60 to R.EN.A.L. nephrometry scores of both groups were
90 months for the RFA group and 66 to 113 months for reported in three studies. In two studies, the nephrometry
the PN group. The characteristics of the PN and RFA scores were similar between two groups (mean/median
groups were compared and listed in Table 2. The score=8 in both groups). In another study, the

TABLE 2 Comparison of PN and RFA groups.

R.E.N.A.L. Mean/median Mean/median Choice of treatment approach
nephrometry age (year) ASA score
score (mean/
median + range)

Study PN RFA PN RFA PN RFA Indication for PN Indication for RFA
group group group group  group  group

Olweny N/A N/A 54.8 63.8 1.9 23 Unspecified Unspecified

(2012)

Chang 7.8 (5- 8.5 (6- 56.9 64 1.5 21 Unspecified Unspecified

(2015)* 11) 11)

Chang 8 (5-10) 8 (6-10) 52.8 52.9 1.7 1.7 Unspecified Patients with significant comorbidities, a

(2015)° solitary kidney, or tumors in unresectable
locations; patients unwilling to take the risk of

PN
Ji (2016) N/A N/A 57.3 64.2 1.7 23 Unspecified Older and comorbid patients; the presence of
solitary kidney
Liu (2017) 8 (5-11) 8 (5-11) 58.5 68 1 2 Unspecified Patients with smaller tumors (<4 cm) and
peripheral tumors

Park N/A N/A 53 58 1.6 1.8 Unspecified Unspecified

(2019)

Andrews N/A N/A 62 72 N/A N/A Eligibility for PN was first Patients further interested in percutaneous

(2019) determined by the urologist’s ablation or deemed unfit for PN

discretion

PN, partial nephrectomy; RFA, radiofrequency ablation; R.E.N.A.L., radius, exophytic/endophytic, nearness of tumor to collecting system, anterior/posterior, hilar
tumor touching main renal artery or vein and location relative to polar lines; ASA, American Society of Anesthesiologists score; N/A, not available.

?Chang et al. in 2015 investigated the T1b stage RCC.

PChang et al. in 2015 investigated the Tla stage RCC.
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nephrometry scores were not different (8.5 in the PN group
and 7.8 in the RFA group, P=0.698). In most of the
studies (n=6 out of 7), the patients in RFA group were
significantly older than PN group. Similarly, in five of the
seven studies, the patients in RFA group had higher ASA
scores. We have also collected the indication for the choice
of treatment approach (PN and RFA) in these studies, and
it turned out that RFA was commonly recommended in
patients with significant comorbidities, a solitary kidney, or

tumors in unresectable locations.

Risk of bias in studies

Figure 2 shows the results of the assessments of study risk
by using the ROBINS-I tool for non-randomized controlled trial
(RCT) studies. Overall, one study was of high quality with low
risk of bias, five studies were of moderate quality, and the other
one study was identified as having low quality. The most
common confounding bias risk was due to the different ages
in the RFA and PN groups. The confounding bias risk in the
study by Andrews et al. was considered serious due to distinct
baseline confounding factors including age, serum creatinine,
histology, and size of tumor. The study by Chang et al. was
evaluated as high quality because it was designed based on a
propensity score-matched cohort, which reduced the risk of

10.3389/fsurg.2022.1012897

Results of individual studies and
syntheses, sensitivity analyses, and
reporting biases

Recurrence

As shown in Figure 3A, RFA had a higher recurrence
probability than PN but without statistical difference (OR=
1.22, 95% CI, 0.45-3.28, P=0.691) with minor heterogeneity
(I*=34.8%, P=0.189). The sensitivity analysis (Figure 3B)
showed that the study by Liu et al. (22) had a distinct impact
on the pooled result while the other studies did not. After
omitting the study by Liu et al., the pooled OR was 0.87 (95%
CI, 0.39-1.95), which favors the treatment of RFA but still
without significant difference. The funnel plot (Figure 3C)
also suggested that that the study by Liu et al. was a potential
source of publication bias, but this bias did not reach
statistical significance (P-value of Egger’s test =0.063).

Progression-free survival

RFA might be a potential risk factor for PFS (Figure 4A),
with a pooled HR of 1.26 (95% CI, 0.75-2.11) but without
significance (P =0.382). There was no heterogeneity observed
(P=0%, P=0. 948). The sensitivity analysis (Figure 4B)
suggested that the result of pooled PES was relatively stable.
The funnel plot also showed good symmetry, and the P-value
of Egger’s test was 0.443. Thus, no publication bias was
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serious; NI, no information.

1. Bias due to confounding

2. Bias in selection of participants into the study

3. Bias in classification of interventions

4. Bias due to deviations from intended interventions
5. Bias due to missing data

6. Bias in measurement of the outcome

7. Bias in selection of the reported result

Overall Bias

Quality assessment of included studies. Quality assessment of the involved studies with a ROBINS-I tool for non-RCT studies. L, low; M, moderate; S,
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Comparison of recurrence incidence of RFA vs. PN. (A) The forest
plot shows the OR (odds ratio) of recurrence incidence of RFA vs.
PN. OR >1 indicates that RFA has higher probability of recurrence.
(B) Sensitivity analysis was performed by omitting one study at
each analysis. The result of each analysis is also presented as the
forest plot. (C) The funnel plot was used to detect publication

bias. RFA, radiofrequency ablation; PN, partial nephrectomy; OR,
odds ratio.

Cancer-specific survival

The results of CSS were consistent with those of PFS. The
pooled HR (Figure 5A) was 1.27 (95% CI, 0.41-3.95) with P =
0.679. No heterogeneity was observed (I*=0%, P =0. 997). The
forest plot in Figure 5B showed good robustness of the
synthesized HR of CSS. Similarly, no publication bias was found
in the funnel plot in Figure 5C (P-value of Egger’s test was 0.262).

Overall Survival

Unlike PFS and CSS, analysis of OS (Figure 6A) suggested
that RFA was a significant risk factor with synthesized HR =
1.76 (95% CI, 1.32-2.34, P<0.001). No heterogeneity was
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Comparison of PFS of RFA vs. PN. (A) The forest plot shows the HR
of PFS of RFA vs. PN. HR > 1 indicates that RFA has higher risk for PFS.
(B) Sensitivity analysis was performed by omitting one study at each
analysis. The result of each analysis is also presented as the forest
plot. (C) The funnel plot was used to detect publication bias. PFS,
progression-free survival; RFA, radiofrequency ablation; PN, partial
nephrectomy; HR, hazard ratio.

observed (I*=0%, P=0. 983). The sensitivity analysis
(Figure 6B) showed that the robustness of the synthesized
HR of OS was fine. A good degree of symmetry was noticed
via the funnel plot (Figure 6C) with a P-value of Egger’s test
=0.099, indicating no significant publication bias.

Major complication

No significant difference in the incidence of major
complication was observed for RFA and PN (Figure 7A) with
OR=131 (95% CI,0.55-3.14, P=0.545). No heterogeneity
was observed (I°=0%, P=0. 901). The sensitivity analysis
(Figure 7B) showed good robustness of the result. No
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publication bias was observed in the funnel plot in Figure 7C

(P-value of Egger’s test was 0.228).

Subgroup analysis

To investigate the potential source of heterogeneity for the
result of recurrence, further subgroup analysis was performed.
Because no heterogeneity was observed for PES, CSS, OS, and
major complication, subgroup analysis was performed only
for recurrence. As shown in Table 3, because of the small
number of included studies, the analysis was not valid in
most of the subgroups. However, the values of I? in the
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subgroups of average age <60 and >60 years were 0.0% and
61.1%, respectively, indicating that the three studies with
average population age >60 years might be the major source

of heterogeneity for recurrence.

Discussion

In the present meta-analysis, RFA showed lower OS but similar
recurrence, PFS, CSS, and major complications as compared with
PN during the long-term follow-up over 5 years. This is currently
the first meta-analysis focusing on the long-term outcomes of RFA
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Comparison of major complication of RFA vs. PN. (A) The forest plot
shows the OR of major complication of RFA vs. PN. OR > 1 indicates
that RFA has higher probability of major complication. (B) Sensitivity
analysis was performed by omitting one study at each analysis. The
result of each analysis is also presented as the forest plot. (C) The
funnel plot was used to detect publication bias. PN, partial
nephrectomy; RFA, radiofrequency ablation; OR, odds ratio.

and PN for renal cancer. It demonstrates the therapeutic efficacy as
well as the safety of RFA for patients with renal cancer, especially
for those not amenable to surgery.

Several guidelines have already recommended that thermal
ablation should be considered in patients with small-size cancers
who are poor surgical candidates (25-27). The puncture
procedure of percutaneous RFA is similar to a needle biopsy and
involves inserting a needle-like probe into the organ (28). Then,
radiofrequency waves are produced by the probe and sent into
the nearby tissue, which causes the necrosis of surrounding cells
(29). Thereby, this relatively new technique has a remarkable
advantage over PN, namely, RFA is better at preserving renal
function as well as and

reducing other perioperative
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TABLE 3 Subgroup analysis for recurrence.

Subgroup  No.of OR Lower Upper I’ p
studies 95%  95% CI for
CI r
Study location
United 1 0.626 0.161 2.432 — —
States
China 4 1.629 0.461 5.748 40.7%  0.167
Korea 1 — — — — —
Stage of RCC
Tla 4 0.918 0.376 2.237 0% 0.749
T1b 1 0.693 0.107 4.505 — —
T1a/T1b 1 23.959 1.364 420.711 — —
Ablation approach
3 0.831 0.338 2.038 0% 0.743
Percutaneous
or
laparoscopic
2 1.059 0.173 6.499 — —
Laparoscopic
1 23.959 1.364 420.711 — —
Percutaneous
Ablation navigation
CT 1 0.626 0.161 2.432 — —
uUs 5 1.629 0.461 5.748 40.7%  0.167
Surgical approach
Open or 4 1.363 0.374 4.976 51.6%  0.102
laparoscopic
1 1.059 0.173 6.499 — —
Laparoscopic
Open 1 — — — — —
Average age
<60 3 0.877 0.315 2.439 0% 0.459
>60 3 2.006 0.279 14.412 61.1%  0.077
REN.A.L. nephrometry score
Available 3 2.118 0.341 13.162 59%  0.087
Not 4 0.756 0.255 2.241 0 0.65
reported

OR, odds ratio; Cl, confidence interval; RCC, renal cell carcinoma; CT,
computed tomography; US, ultrasound. R.ENN.AL, radius, exophytic/
endophytic, nearness of tumor to collecting system, anterior/posterior, hilar
tumor touching main renal artery or vein and location relative to polar lines.

postoperative complications (30, 31). Thereafter, many clinical
trials and observations have reported favorable results with RFA
when compared with PN. For instance, Bird et al. compared
laparoscopic-guided RFA with laparoscopic PN in a retrospective
study containing 69 patients and found no evidence of tumor
recurrence in the follow-up period (32). In a large cohort study
by Thompson et al, they reported that local recurrence-free
survival and metastases-free survival were not significantly
different between percutaneous RFA and PN (33). One of the
shortcomings of most studies is the limited number of events
(including local recurrence, distant metastases, death, and
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cancer-specific death), which is mainly due to the short duration of
follow-up (34). It is difficult to yield a statistically significant
difference within short-term of follow-up; thus, a long-term
study is needed to further determine the oncologic efficacy of
RFA and PN. A recent meta-analysis by Rivero et al. (35) has a
very alike theme with our meta-analysis. However, only 3 of the
15 studies included in the meta-analysis were with long-term
follow-up more than 5 years. The results of the meta-analysis
mainly reflect short/mid-term outcome of ablation vs. PN. There
are several similar findings between the meta-analysis and ours.
For instance, both meta-analyses yield a more favorable overall
survival of PN. The results of cancer recurrence in both meta-
analyses were similar between PN and ablation (HR=1.32 and
1.22, P=0.22 and 0.691, respectively). However, the cancer-
specific survival was almost similar between RFA and PN in our
study (HR=1.27, P=0.679), but in their meta-analysis, PN
showed better efficacy for cancer-specific survival with HR of
3.84 (P<0.05). Because ablation is usually applied to relatively
older patients with more underlying diseases, this can lead to
more noncancer-related death cases during the long-term follow-
up. Therefore in our meta-analysis, the OS result favors PN, but
the cancer-specific survival is similar between PN and RFA. The
results of CSS might reflect a more objective comparison of RFA
vs. PN.

An important interpretation for the results of the present
meta-analysis is that although RFA shows an HR of 1.76
(P<0.001), it does not necessarily mean that the efficacy of RFA
is worse than PN. First, because the HR of OS in the six studies
(Figure 6A) other than Andrews et al. (24) is extracted from the
K-M curve, they all show large 95% CI range with a small
weight in the synthesized data. On the other hand, the study by
Andrews et al. with HR of 1.81 (95% CI, 1.32-2.34) holds a big
weight of 92.4% in the synthesized data, as shown in Figure 6A.
Thereby, the synthesized result is mainly affected by the study of
Andrews et al., which leads to a final HR of 1.76 (P <0.001).
There might be more or less some bias in this figure, which is
mainly due to the data extraction method and is hard to
eliminate. Similarly, in the analysis of CSS (Figure 5A), the study
by Andrews et al. holds a weight of 34.8%; this is way smaller
than that in the analysis of OS (92.4%, Figure 6A). The final
synthesized result of CSS suggests that the efficacy of RFA is not
different with PN. Taken together, these results indicate that
there might be some factors other than cancer-specific factors
inducing a lower OS of RFA, such as age. As depicted in the
characteristics of the seven included studies, six of them included
an older population of the RFA group. Therefore, there might
also be a potential selection bias, which can lead to the
inconsistent results of OS and CSS.

Currently, PN is the treatment of choice for ¢T1 renal cancer,
while RFA is considered an alternative therapy for patients with
high surgical risk (2). The preference for PN might reflect the
relative lack of clinical studies investigating the long-term
oncological outcomes of RFA. Nevertheless, in this meta-
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analysis, with several recently published studies, we show that
RFA and PN for cT1 renal cancer have comparable long-term
oncological outcomes. There are several strengths of the present
work: there is only minor heterogeneity in the analysis of
recurrence and zero heterogeneity in other analysis, suggesting
that the synthesis of data is more convincing; most of the
results in the sensitivity analysis are quite stable, further
demonstrating the robustness of the synthesized results; and
lastly, the possibility of publication bias is extremely low, as
demonstrated by the funnel plots and Egger’s tests.

There are also several limitations to this study. The number
of included studies is relatively small, which is mainly due to the
current clinical practice of renal cancer management. In
addition, despite the fact that the choice of approach was
usually based on tumor size, location, clinical judgment, and
patient preference, it turned out that RFA was commonly
recommended in patients with significant comorbidities,
solitary kidney, or tumors in unresectable locations. Therefore,
RFA was mainly performed in older patients with more
preoperative risk factors who were not surgical candidates,
which might contribute to the selection bias. A randomized
controlled trial could be ideal and is expected to be performed
in the future. Despite these limitations, the results in most
studies have supported the clinical usefulness of RFA in
appropriately selected patients with renal cell carcinoma (RCC).

Conclusion

This meta-analysis, which focuses on the long-term
oncological outcomes of cT1 renal cancer, suggests that RFA
has comparable therapeutic efficacy to PN. RFA is a safe,
nephron-sparing, and oncologically effective technique for the
treatment of cT1 renal cancer and also a potential treatment
alternative for the young, healthy population. Nevertheless, a
prospective randomized study with large number of patients
and long-term follow-up could draw a further conclusion.
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Purpose: The current study aimed to investigate whether red blood cell
distribution width (RDW) can predict the prognosis of patients with breast
cancer (BC).

Methods: We searched four databases, including PubMed, Embase, Cochrane
Library databases, and CNKI, from inception to Jun 13, 2022. The primary
outcome was overall survival (OS), and the secondary outcome was disease-free
survival (DFS). A subgroup analysis was conducted based on different
treatments. This meta-analysis was performed with RevMan 5.3 (The Cochrane
Collaboration, London, United Kingdom).

Results: A total of seven studies including 4,884 BC patients were identified.
The high RDW group had a larger tumor size (OR =2.12, 95% Cl =1.67 to 2.68,
P <0.01), higher proportions of advanced stage tumors (OR =1.77, 95% Cl =1.38
to 2.27, P<0.01), more lymph node metastases (OR =2.00, 95% Cl=158 to
2.51, P<0.01) and lower HER-2 expression (OR=0.76, 95% Cl=0.61 to 0.95,
P =0.02). For prognosis, after pooling all the data, we found that the high RDW
group was associated with worse OS (HR=2.12, 95% Cl=1.47 to 3.08, P<0.01)
and DFS (HR=177, 95% Cl=132 to 2.37, P<0.01). The subgroup analysis
found that RDW had prognostic significance but only for surgery-only patients
(HR =241, 95% Cl =1.67 to 3.49, P<0.01).

Conclusion: High RDW was associated with worse OS and DFS. Therefore, RDW
was a simple predictive factor for the prognosis of BC patients.

KEYWORDS

breast cancer, red blood cell distribution width, overall survival, disease-free survival,
meta-analysis

Introduction

Breast cancer (BC) is one of the most common cancers and the second leading cause of
cancer-related death in women worldwide (1, 2). Approximately 1.5 million women are
diagnosed with BC each year, and this number is expected to increase to 2.2 million
annually by 2025 (3). There are different treatments, including systemic therapy, surgery,
and radiotherapy, depending on the stage of BC (4-6). Therefore, convenient preoperative
predictive values for BC prognosis could help surgeons develop treatment strategies and
improve surgical outcomes.

Red blood cell distribution width (RDW) is a simple and readily available parameter that
represents the heterogeneity of red blood cell volume and is traditionally used in the
differential diagnosis of anemia (7). Elevated RDW can predict mortality and morbidity
in patients with benign diseases, including cerebral infarction (8), acute myocardial
infarction (9), pancreatitis (10), pulmonary embolism (11), acute renal failure (12),
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coronary artery disease, and heart failure (13, 14). It is also a
marker for predicting the prognosis of tumors such as gastric
cancer (15), esophageal cancer (16), hepatocellular carcinoma,
and colorectal cancer (17, 18).

However, for BC, the effect of RDW on prognosis is
controversial (19-25). Wang C et al. analyzed 443 BC patients
and found that RDW was not a prognostic factor for OS (19).
Similarly, Takeuchi H et al. analyzed 299 BC patients and found
that RDW was not a predictor for DFS (20). However, Yoo YC
et al. demonstrated that high RDW had high predictive power
for OS and DES (21). In another study reported by Yao D et al.
high pretreatment RDW levels in BC patients were associated
with poor OS and DFS; thus, RDW could be a potential
predictive factor in determining poor prognosis in all from all
patients (23). Therefore, it is necessary to identify the exact role
of RDW in the prognosis of BC patients.

Materials and methods

This meta-analysis was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (26).

Literature search strategy

We searched four databases, including PubMed, Embase,
Cochrane Library databases, and CNKI, from inception to Jun
13, 2022. The search strategy included two keywords: RDW and
BC. For RDW, the search strategy was as follows: “red blood cell
distribution width” OR “red cell distribution width” OR “RDW”.
In terms of BC, the search strategy was as follows: “Breast
Neoplasms” OR “Breast Cancer” OR “Breast Tumor” OR “Breast
Tumors” OR “Breast Carcinoma” OR “Breast Carcinomas”.
Then, we use “AND” to combine the two keywords. The

languages were limited to English and Chinese.

Inclusion and exclusion criteria

Our meta-analysis aimed to analyze the effect of RDW on the
prognosis of BC, therefore, the inclusion criteria for studies were as
follows: (1) the patients included were diagnosed with primary BC;
(2) the study included both a control group (the low RDW group)
and an exercise group (the high RDW group); (3) the study
reported the prognosis including overall survival (OS) or disease-
free survival (DFS); and (4) the study was published in English
or Chinese. The exclusion criteria for studies were as follows: (1)
the article type was a case report, a review, a letter to the editor,
comments, or conference literature; and (2) there was an absence
of the full text. Two reviewers conducted the inclusion and
exclusion criteria, separately. Disagreement was settled by group
discussion.

Frontiers in Surgery

10.3389/fsurg.2023.1000522

Study selection

Two reviewers searched the four databases. The duplicated
studies were eliminated first. Then, the titles and abstracts were
screened to find eligible studies. After that, the full texts were
checked to determine whether the studies were suitable for the
final analysis. Two reviewers conducted the study selection, and
the final judgment was made after a group discussion.

Data extraction

The data included the study information, baseline information,
and prognostic information. The study information included the
first author, publishing year, publishing country, and Newcastle-
Ottawa Scale (NOS) score. The baseline information included the
study data, patient information, sample size, and cutoff value of
RDW. The prognostic information included OS and DFS. These
data were extracted independently and cross-checked by two
reviewers.

Definitions and outcomes

OS was defined as the time from diagnosis to death due to any
cause. DFS was defined as the time from diagnosis to the time of
recurrence, death, or last follow-up. The primary outcome was
OS, and the secondary outcome was DFS.

Quality assessment

The NOS score was used to evaluate the quality of the included
studies (27). A score of nine points represented high quality; a
score of seven to eight points represented medium quality; and
low-quality studies scored less than seven points.

Statistical analysis

In the current meta-analysis, dichotomous variables including
tumor diameter, tumor stage, type of surgery, chemotherapy,
lymph node metastases, peritumoral vascular invasion, and
estrogen receptor (ER)/progesterone receptor (PR) positivity,
were collected, and odds ratios (ORs) plus 95% confidence
intervals (CIs) were calculated. For OS and DFS, hazard ratios
(HRs) plus 95% CIs were calculated. A subgroup analysis was
conducted according to the different treatments for patients. The
I? value and the chi-squared test were used to assess the
statistical heterogeneity (28, 29). When I*>50%, the random
effects model was used, and p<0.1 was considered statistically
significant. The fixed effects model was used when 12 < 50%, and
P <0.05 was considered statistically significant. This meta-analysis
was performed with RevMan 5.3 (The Cochrane Collaboration,
London, United Kingdom).
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Results
Study selection

A total of 71 studies were identified in the four databases (21
studies in PubMed, 32 studies in Embase, 0 studies in the
Cochrane Library, and 18 studies in CNKI). There were 52
studies after removing the duplicated studies. Finally, seven
studies were left for the final analysis (Figure 1).

Patient characteristics and quality
assessment of the included studies

A total of seven studies including 4,884 BC patients were
identified (19-25). The publishing year was from 2014 to 2021.

Records identified in database (n=71)
(21 studies in PubMed, 32 studies
in Embase, 0 study in the Cochrane

Library, and 18 studies in CNKI)

I}

Records after duplicates removed
(n=52)

v

Records screened
(n=18)

]

Full-text accessed for eligibility
(n=10)

]

Study for qualitative synthesis
(n=7)

!

Study included in qualitative synthesis
(n=7)

Records excluded
(n=8)

Studies excluded
(n=3)

| Included ‘ I Eligibility ‘ \Screening H\dentmcation|

FIGURE 1
Flowchart of study selection.

TABLE 1 Baseline characteristics of included studies.

10.3389/fsurg.2023.1000522

Five studies were published in China, one study was published in
Korea and one study was published in Japan. The study period
was from 1996 to 2017. For the prognosis, six studies reported
OS, and five studies reported DFS. The sample size, treatment,
cutoff value, and NOS score of each included study are shown in
Table 1.

Baseline information

The baseline information including tumor diameter, tumor
stage, type of surgery, chemotherapy, lymph node metastases,
peritumoral vascular invasion, ER/PR positivity, HER-2, and
Ki-67, was compared between the high RDW group and the low
RDW group. The high RDW group had a larger tumor size
(OR=2.12, 95% CI=1.67 to 2.68, P<0.01), a higher proportion
of advanced stage tumors (OR=1.77, 95% CI=1.38 to 2.27,
P <0.01), more lymph node metastases (OR =2.00, 95% CI=1.58
to 2.51, P<0.01) and lower HER-2 expression (OR =0.76, 95%
CI=0.61 to 0.95, P=0.02) (Table 2).

OS

Six studies with 4,585 patients reported OS data on BC
patients. After pooling all the data, we found that the high RDW
group was associated with worse OS than the low RDW group
(HR =2.12, 95% CI = 1.47 to 3.08, P<0.01) (Figure 2).

DFS

Five studies with 3,390 patients reported data on DFS in BC
patients. After pooling all the data, we found that the high RDW
group was associated with worse DFS than the low RDW group
(HR=1.77, 95% CI=1.32 to 2.37, P<0.01) (Figure 3).

Author Year | Country = Study Sample Patients Treatment Survival
date size volume
Takeuchi H 2019 | Japan 2006-2017 299 MO0 BC Surgery DES 13.7% 7
Yoo YC 2021 | Korea 2005-2010 1783 Invasive BC Surgery, neoadjuvant therapy, OS/DES 13.5% 9
chemotherapy or radiotherapy
Li F 2018 | China 2010-2012 280 Invasive MO BC | Surgery and chemotherapy OS/DFS 13.45% 7
(no neoadjuvant therapy before
surgery)
Yao D 2019 | China 2009-2014 825 Invasive MO BC | Surgery (no neoadjuvant therapy, | OS/DFS 13.82% 9
chemotherapy or radiotherapy)
Huang DP 2016 | China 2008-2012 203 Invasive BC Surgery or chemotherapy OS/DFS 13.75% 7
under 40 years (no neoadjuvant therapy before
old surgery)
Yao M 2014 | China 2009-2011 608 BC no neoadjuvant therapy before 0Os 13.45% 8
surgery
Wang C 2014 | China 1996-2011 886 Primary invasive | Any kind of clinical treatment, (6N 14.5% 9
BC such as surgery, chemotherapy,
radiation therapy, or hormone
therapy

Abbreviations: NOS, newcastle-ottawa scales; BC, breast cancer; OS, overall survival; DFS, disease-free survival.
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TABLE 2 Summary of characteristics between the high RDW group and the Low RDW group.

10.3389/fsurg.2023.1000522

Characteristics Participants (the High RDW/the Low Odds Ratio/Mean Difference Model | Heterogeneity
RDW) (95% Cl)
Tumor diameter
<5 3 546/762 Reference Reference Reference
>5 3 546/762 2.12 [1.67, 2.68]; P < 0.00001 FE I*=3%; P=0.36
TNM stage
1 3 Reference Reference Reference Reference
I 3 435/881 3.21 [0.23, 44.75]; P=0.39 RE 17 = 99%;
I 3 546/762 1.77 [1.38, 2.27]; P<0.00001 FE P <0.00001
IP=23%; P=0.27
Type of surgery
Conservation 3 546/362 Reference Reference Reference
Radical 546/352 0.81 [0.44,1.47]; P=0.48 FE I*=8%; P=0.30
Chemotherapy
FEC 3 Reference Reference Reference Reference
TAC/TEC 3 500/684 0.80 [0.61, 1.06]; P=0.12 FE I*=29%; P=0.12
Non 3 546/762 0.79 [0.54, 1.17]; P=0.25 FE I*=0%; P=0.25
Lymph node metastases 3 546/762 2.00 [1.58, 2.51]; P <0.00001 FE I>=0%; P=0.83
peritumoral vascular 2 454/574 1.07 [0.45, 2.50]; P=0.88 RE I*=60%; P=0.12
invasion
ER positive 4 756/1160 1.03 [0.85, 1.25]; P=0.76 FE I>=0%; P=0.72
PR positive 4 756/1160 1.13 [0.94, 1.37]; P=0.19 FE I*=0%; P=0.80
HER-2 4 756/1160 0.76 [0.61, 0.95]; P=0.02 FE I>=0%; P=0.82
Ki-67 3 546/762 1.04 [0.83, 1.31]; P=0.72 FE I*=0%; P=1.00
RDW, red blood cell distribution width; CI, confidence intervals.
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Huang DP 2016 1.7727 0.6441 7.0% 5.89 [1.67, 20.80]
Li F 2018 0.4131 0.0728 35.2% 1.51[1.31,1.74] =
Wang C 2014 0.4574 0.387 14.6% 1.58[0.74, 3.37] T
Yao D 2019 0.8879 0.21 25.5% 2.43[1.61, 3.67] —
Yao M 2014 0.8506 0.4204 13.1% 2.34[1.03, 5.34] -
Yoo YC 2021 1.723 0.8314 4.6% 5.60 [1.10, 28.57]
Total (95% CI) 100.0% 2.12[1.47, 3.08] <&
Heterogeneity: Tau? = 0.10; Chi? = 11.61, df =5 (P = 0.04); I? = 57% '0.01 0?1 1 1‘0 100‘

Test for overall effect: Z = 3.98 (P < 0.0001) Favours [High ROW] Favours [Low RDW]

FIGURE 2
Os between the high RDW group and the low RDW group. Abbreviation: OS, overall survival; RDW, red blood cell distribution width.

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV. Random, 95% CIi

Huang DP 2016 15726 0.3794 10.9%  4.82[2.29, 10.14] —=

Li F 2018 0.48 0.0653 34.2% 1,62 [1.42, 1.84] L]

Takeuchi H 2019 0.4574 0401 10.0% 1,58 [0.72, 3.47] I

Yao D 2019 0.6366 0.1988 22.2% 1.89[1.28, 2.79)] =

Yoo YC 2021 0.2135 0.1924 22.7% 1.24[0.85, 1.81] ™

Total (95% CI) 100.0% 1.77 [1.32, 2.37] <&

Heterogeneity: Tau? = 0.06; Chiz = 10.78, df = 4 (P = 0.03); I? = 63% ’0.0 ] oi ] ] 1‘0 ] 00‘

Test for overall effect: Z = 3.83 (P = 0.0001) Favours [High RDW] Favours [Low RDW]

FIGURE 3
DFS between the high RDW group and the low RDW group. Abbreviation: DFS, disease-free survival; RDW, red blood cell distribution width.
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Subgroup analysis for Os

According to the different treatments, the BC patients were
divided into three groups. Two studies included patients who
received surgery, neoadjuvant treatment or adjuvant treatment, two
studies included patients who received surgery or adjuvant
treatment, and two studies included patients who only underwent
surgery. After subgroup analysis, RDW had prognostic significance
only for the surgery-only patients (HR=241, 95% CI=1.67 to
3.49, P<0.01) but not for the all-treatment groups (HR =2.40, 95%
CI=0.75 to 7.72, P=0.14) and the neoadjuvant treatment groups
(HR=2.57, 95% CI=0.70 to 9.41, P=0.16) (Figure 4).

Sensitivity analysis

A sensitivity analysis was conducted by excluding one study at a
time to examine its impact on the result. In the current meta-analysis,
the sensitivity analysis was performed based on the outcomes of OS
and DFS, and the subgroup analyses of OS. After each study was
successively removed, the omission of any of the studies did not
change the conclusion. This suggested that the outcomes had a low
level of sensitivity and produced reliable results.

10.3389/fsurg.2023.1000522

pooling all the data, we found that the high RDW group was
associated with worse OS and DFS than the low RDW group,
especially for BC patients who underwent only radical surgery.
Therefore, we concluded that RDW could be widely used in the
clinic as an easy preoperative prognostic predictor. Surgeons
should pay more attention to patients with high preoperative
RDW levels and take action in advance to prolong the survival
time of BC patients.

Although many new prognostic markers have been explored
and identified, the major problem with these biomarkers is that
they heavily rely on complex molecular or genetic tests (30-32).
Hematological parameters, including albumin, C-reactive protein
(CRP), neutrophils, and lymphocytes, are readily available and
inexpensive parameters for BC patients that could predict the
prognosis (33-35). As a routinely available marker of the
systemic inflammatory response, RDW predicts negative clinical
outcomes in various tumors. However, there is a controversy
regarding whether RDW has an impact on BC (19-25).

Of the seven included studies, two reported that RDW was a
prognostic indicator (19, 20), but the other five studies reported
that RDW did not affect BC (21-25). Therefore, the current
study aims to investigate whether RDW can predict the
prognosis of BC. If RDW could be used as an easy prognostic
indicator, it would be a convenient clinical reference value.
To our knowledge, our study is the first to pool all the

Discussion prognostic data of RDW in BC. In our study, we found that
high RDW was associated with worse OS and DFS than low
A total of seven studies including 4,884 BC patients were =~ RDW, which indicated that RDW was an important
included in the current meta-analysis. For prognosis, after ~biomarker for BC.
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FIGURE 4
Subgroup analysis for OS based on treatment. Abbreviation: RDW, red blood cell distribution width
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The mechanisms for the relationship between RDW and poor
prognosis remain complex and unclear. However, some hypotheses
accounted for the mechanisms. One hypothesis was that oxidative
stress (23, 36) might reduce the survival of red blood cells and lead
to elevated RDW. Both endogenous and exogenous sources of
reactive oxygen species (ROS) can lead to increased oxidative
stress in cells (37). Moreover, excessive ROS can cause damage
and modification of cellular macromolecules, thus mutating
DNA. Another that
inflammation (38) could induce an increase in RDW by

genomic hypothesis  was chronic
disrupting the erythrocyte membrane, leading to changes in
erythrocyte maturation. Inflammation in the microenvironment
could promote tumor growth, invasion, angiogenesis, and
ultimately metastasis of BC (39, 40). This was corroborated by
our finding that patients with high RDW had larger tumor sizes,
more advanced tumor stages, and were more likely to have
lymph node metastases.

Thus, for clinicians, it is critical to pay more attention to
monitoring patients with high preoperative RDW. Minimizing
RDW before surgery and providing interventions such as
nutritional support or anti-inflammatory drugs are necessary
treatment strategies (21, 41).

There were some limitations in our meta-analysis. First, the
seven included studies were relatively small with a small number
of BC patients, which might cause bias; Second, the cut-off of
RDW was inconsistent, which might cause heterogeneity; Third,
all the included studies were from Asia, the lack of other regions
might also lead to selection bias. Therefore, multicenter,
multiregional, prospective, and high-quality RCTs should be
carried out in the future.

In conclusion, high RDW was associated with worse OS and
DES. Therefore, RDW was a simple predictive factor for the
prognosis of BC patients.
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