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Abstract

Background The short-term (< 1 year) recurrence (STR) is the primary determinant impacting both the life quality
and survival duration in patients who have undergone surgical resection for retroperitoneal liposarcoma (RPLS), a con-
dition with intricate and ambiguous pathogenesis. The purpose of this study was to analyze the risk factors associated
with STRin cases of RPLS and primary retroperitoneal liposarcoma (PRPLS).

Methods For this retrospective observational study, a total of 296 RPLS cases were selected as research subjects,
who experienced tumor recurrence during the follow-up period. The Local recurrence-free survival (LRFS) rates were
estimated using the Kaplan—-Meier method and subsequently compared between groups utilizing the log-rank test.
The subsequent analyses involved univariate and multivariate logistic regression to identify predictors of STR in RPLS
cases. Additionally, a logistic regression model was constructed for PRPLS.

Results The 1-, 3-, and 5-year LRFS rates of the 296 RPLS cases were 51.7%, 16.9%, and 7.1%, respectively. In the uni-
variate analysis, several factors were found to be associated with STR, including preoperative neutrophil/lymphocyte
ratio (NLR), smoking history, surgical frequency, combined organ excision, operative time, intraoperative bleeding,
transfer to the intensive care unit (ICU), multiple primary tumors, tumor shape and capsule characteristics, histologi-
cal subtype, and presence of tumor necrosis. The elevated preoperative NLR, surgical frequency of > 3 times, transfer
to the ICU, presence of multiple primary tumors, and tumor necrosis were identified as independent risk factors

for STRin surgically resected RPLS. Conversely, diabetes, intact tumor capsule, and well-differentiated histological
subtype appeared to be independent protective factors. Analysis for PRPLS revealed that tumor capsule and tumor
necrosis were independent predictors of STR.

Conclusions The elevated preoperative NLR, surgical frequency of > 3 times, transfer to the ICU, presence of multiple
primary tumors, tumor necrosis, and tumor capsule were expected to serve as predictive factors of STR for surgical
resected RPLS and PRPLS.
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Introduction

Retroperitoneal malignancy refers to a group of tumors
that originate from the retroperitoneal space, encompass-
ing various tissue types and presenting with concealed
clinical symptoms. Despite its rarity, accounting for less
than 0.1% of all malignant tumors, retroperitoneal lipo-
sarcoma (RPLS) stands as the most prevalent soft tissue
sarcoma in this anatomical region [1-3]. The deep ana-
tomical location and rapid progression of RPLS tumors
pose challenges in terms of the complexity and extent
of radical surgery. Despite undergoing radical surgery,
cases of primary retroperitoneal liposarcoma (PRPLS)
still exhibit a high 5-year local recurrence rate ranging
from 20 to 75%. The recurrence of tumors and the need
for reoperation can significantly impact patients’ quality
of life, increase hospitalization frequency, and even result
in mortality [3-5].

Existing literature evidence suggests that tumor recur-
rence may be attributed to the following mechanisms
[6-8]: Firstly, the dense adhesion and large volume of
RPLS tumors result in a loss of anatomical space, thereby
increasing the surgical difficulty and the likelihood of
residual tumor tissue or capsule. Secondly, tumor inva-
sion into internal organs, blood vessels, or nerves poses
significant challenges for complete resection of RPLS.
Lastly, due to its resemblance to normal adipose tissue,
lobulated RPLS can be mistaken as multiple tumors and
resected in fragments, potentially leading to residual
tumor tissue.

Although numerous studies have reported on the risk
factors associated with recurrence of RPLS, the findings
have been inconsistent [9-14]. Xue’s study revealed that
the French Federation of Cancer Centers Sarcoma Group
(FNCLCC) grade and completeness of resection could
serve as independent predictors for local recurrence-free
survival (LRFS) [9]. Furthermore, Sun et al. discovered
that recurrence, age, tumor necrosis, and tumor site were
valuable prognostic markers for RPLS [12], while Yan’s
study demonstrated that tumor grade was an independ-
ent prognostic factor for progression-free survival (PES)
[11]. In published studies, however, there was no distinc-
tion made between short- and long-term recurrence, and
the inclusion of participants with small sample sizes was
noted [10]. This analysis aims to investigate the demo-
graphic, surgical, and pathological factors that predict
short-term (<1 year) recurrence (STR) for both RPLS
and PRPLS using case data obtained from a high-volume
hospital.

Materials and methods

Study participants

The RPLS cases treated at the First Medical Center of
the Chinese People’s Liberation Army (PLA) General
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Hospital from January 2008 to December 2021 were
screened. Research subjects were selected based on the
following criteria: (1) age > 18 years; (2) surgical resection
of RPLS and PRPLS cases, with liposarcoma confirmed
by postoperative pathology; and (3) observation of tumor
recurrence during the follow-up period. The exclusion
criteria were as follows: (1) neoplasms originating from
adipose tissue outside the retroperitoneum; (2) patients
who underwent palliative surgery or non-operative
therapy; (3) cases of in-hospital mortality; and (4) cases
where participation was refused or lost to follow-up. This
study was conducted in accordance with the Declaration
of Helsinki and approved by the Medical Ethics Commit-
tee of the First Medical Center of the Chinese PLA Gen-
eral Hospital.

Data collection and outcome evaluation

According to previous studies, the risk factors associated
with neoplasm recurrence encompass demographic, sur-
gical, and pathological characteristics. Therefore, for this
study, the required case data included gender, age, pre-
operative neutrophil/lymphocyte ratio (NLR), smoking
history, diabetes, clinical symptoms, surgical frequency,
tumor resection method, combined organ excision, oper-
ative time, intraoperative bleeding, application of intra-
peritoneal chemotherapy drug, transfer to intensive care
unit (ICU), tumor diameter, multiple primary tumors,
tumor shape, tumor capsule, histological subtype, and
tumor necrosis.

In cases of retroperitoneal tumors with uncertain exci-
sion margins, intraoperative pathological examination
was performed to ensure the efficacy of radical surgery.
Palliative resection was considered in the presence of any
residual tumor during the operation, and patients who
underwent palliative surgery were excluded from this
study. The excision of related organs, either partially or
completely, was performed in cases where the tumors
invaded surrounding organs. Segmented tumor resec-
tion was considered as an alternative only when complete
resection while maintaining tumor integrity was not
feasible. During the post-operative follow-up, patients
underwent regular reviews every 3—4 months for the
first two years and then every 6 months. Routine imaging
techniques such as computerized tomography (CT) or
abdominopelvic magnetic resonance imaging (MRI) were
employed to monitor tumor recurrence. Based on the
time interval between surgery and tumor recurrence, the
included cases of RPLS were categorized into two groups:
STR group (<1 year) and non-STR group (> 1 year).

Statistical analysis
All the statistical analyses in this study were performed
using SPSS software version 26.0. Categorical data was
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reported as numbers (percentages), and compared using
a Chi-square or Fisher’s exact test. The normality of con-
tinuous variables were checked by drawing and visually
inspecting the histograms and Q-Q plots. Continuous
normally distributed variables were expressed as mean
with the standard deviation (SD) and compared between
groups using an independent-samples T-test. Continu-
ous not normally distributed variables were expressed as
median with the interquartile range (IQR) and compared
between groups using a Mann—Whitney U test. The LRFS
was calculated according to the interval between surgery
and tumor recurrence. Besides, we estimated the LRFS
rates based on Kaplan—Meier method, and compared
different groups using log-rank test. A univariate analy-
sis was conducted to examine the correlation between
covariates and dependent variables. Subsequently, the
covariates with P<0.1 in the univariate analysis would
be included in a multivariate logistic regression model to
identify the independent predictors. All tests were con-
sidered statistically significant if P values < 0.05.

Results

Patients characteristics

After screening, a total of 1095 in-hospital cases of
RPLS were identified at the study center from Janu-
ary 2008 to December 2021 using the electronic medi-
cal records (EMR) system. Among these patients, 653
neoplasms originated from adipose tissue outside the
retroperitoneum, while 64 individuals received pal-
liative surgery or non-operative therapy. Addition-
ally, nine patients experienced mortality during their
hospital stay, and 21 either refused to participate or

Retroperitoneal tumor cases that
hospitalized at our center from 2008
t0 2021 (n=1095)

Page 3 of 9

were lost to follow-up. Furthermore, there were 52
cases without tumor recurrence. Ultimately, a total
of 296 RPLS cases with tumor recurrence during the
follow-up period were included as research subjects in
this analysis (Fig. 1). The median LRFS for these 296
RPLS cases was 13.0 months [95% confidence interval
(CI): 10.8-15.2], and the LRFS rates at 1, 3, and 5 years
were found to be 51.7%, 16.9%, and 7.1%, respectively.
Among the cohort of patients, there were initially
diagnosed cases (n=94) and relapse cases (n=202),
with median LRFS durations of 23.0 months (95%
CI:17.3-28.7) and11 0.0 months(95% CI:9 0.9-12 0.1),
respectively.

Logistic regression analyses for 296 RPLS cases

The 296 cases of RPLS were divided into two groups
based on the duration of LRFS: STR group (<1 year) and
non-STR group (>1 year), which included 143 and 153
cases, respectively. Univariate analysis revealed that pre-
operative NLR (p=0.004), smoking history (p=0.026),
surgical frequency (p<0.001), combined organ exci-
sion (p=0.049), operative time (p<0.001), intraoperative
blood loss (p<0.001), transfer to ICU (p=0.001), multi-
ple primary tumors (p<0.001), tumor shape (p=0.024),
tumor capsule status (p<0.001), histological subtype
(<0.00 1), and presence of tumor necrosis (p<0.00 1)
were significant predictive factors for achieving STR.
The association between STR and gender, age, BMI, dia-
betes, clinical symptoms, resection method, application
of intraperitoneal chemotherapy drug, or tumor diameter
was not found to be statistically significant (p > 0.05)
(Table 1).

Exclusion (n=747)

1) Neoplasms originate from non-retroperitoneal adipose tissue (n=653)
2) Did not undergo surgery or underwent palliative surgery (n=64)

3) Death from surgical complications or other causes (n=9)

4) Cases lost to follow-up or refused to participate (n=21)

Retroperitoneal liposarcoma cases
that underwent radical operation
(n=348)

Tumor recurrence during the
follow-up period (n=296)

Non-recurrence occurred during the
follow-up period (n=52)

Fig. 1 The flowchart of patient selection



Yu et al. World Journal of Surgical Oncology (2024) 22:46 Page 4 of 9

Table 1 Characteristics of included RPLS cases in STR group and non-STR group

Variables Total (n=296) STR group (n=143) non-STR group (n=153) p value

Demographic characteristics

Gender 0.539
Male 171 (57.8) 80 (55.9) 91 (59.5)
Female 125(41.2) 63 (44.1) 62 (40.5)
Age (years) 53 (46, 60) 54 (47,60) 53 (45,61) 0321
Preoperative NLR 3.08(1.89,3.58) 3.57(2.20,3.58) 240(1.69,3.58) 0.004
BMI (kg/mz) 23.55(21.80, 24.80) 23.55(22.06, 24.61) 23.55(21.53,25.51) 0472
Smoking history 0.026
Yes 50(16.9) 17(11.9 33(21.6)
No 246 (83.1) 126 (88.1) 120 (78.4)
Diabetes 0.085
Yes 15(5.1) 4(28) 11(72)
No 281 (94.9) 139(97.2) 142 (92.8)
Clinical symptoms 0653
Yes 172 (58.1) 85(59.4) 87 (56.9)
No 124 (41.9) 58 (40.6) 66 (43.1)
Surgical characteristics
Surgical frequency <0.001
Isttime 94 (31.8) 28(19.6) 66 (43.1)
2nd time 80(27.0) 38 (26.6) 42 (27.5)
>3rd time 122 (41.2) 77 (53.8) 45(29.4)
Resection method 0.567
Piecemeal 36(12.2) 19(13.3) 17(11.1)
Complete 260 (87.8) 124 (86.7) 136 (88.9)
Combined organ excision 0.049
Yes 201 (67.9) 105 (73.4) 96 (62.7)
No 95 (32.1) 38 (26.6) 57(37.3)
Operative time (min) 239 (174,301) 260 (196, 335) 215 (160, 280) <0.001
Intraoperative blood loss (ml) 800 (400, 1575) 1000 (500, 2000) 700 (300, 1200) <0.001
Intraperitoneal chemotherapy drug application 0414
Yes 121 (40.9) 55(38.5) 66 (43.1)
No 175 (59.1) 88 (61.5) 87 (56.9)
Transfer to ICU 0.001
Yes 74 (25.0) 48 (33.6) 26 (17.0)
No 222 (75.0) 95 (66.4) 127 (83.0)
Pathological characteristics
Tumor diameter (cm) 23.0(16.1,30.0) 23.0(16.5,30.0) 22.0(16.0,30.0) 0.700
Multiple primary tumors <0.001
Yes 151 (51.0) 88 (61.5) 63 (41.2)
No 145 (49.0) 55(38.5) 90 (58.8)
Tumor shape 0.024
Irregular 115 (38.9) 65 (45.5) 50(32.7)
Regular 181 (61.1) 78 (54.5) 103 (67.3)
Tumor capsule <0.001
Intact 176 (59.5) 70 (49.0) 106 (69.3)
Broken 120 (40.5) 73(51.0) 47 (30.7)
Histological subtype <0.001
Well-differentiated 69 (23.3) 16(11.2) 53(34.6)
De-differentiated 64 (21.6) 47 (329) 17(9.2)
Other subtypes 163 (55.1) 80 (55.9) 83 (56.2)
Tumor necrosis <0.001
Yes 70(23.6) 49 (34.3) 21(137)
No 226 (76.4) 94 (65.7) 132(86.3)

Data presented in median (interquartile range) for continuous variables and frequency (percent) for categorical variables, RPLS Retroperitoneal liposarcoma, STR
Short-term recurrence, BMI Body mass index, NLR Neutrophil/lymphocyte ratio, ICU Intensive care unit
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The subsequent step involved constructing a multi-
variate binary logistic regression model, incorporating
the following variables: preoperative NLR, smok-
ing history, diabetes, surgical frequency, combined
organ excision, operative time, intraoperative blood
loss, transfer to ICU, multiple primary tumors, tumor
shape, tumor capsule status, histological subtype, and
presence of tumor necrosis. Analysis results demon-
strated that an elevated preoperative NLR [odds ratio
(OR)=1.129, p=0.007], surgical frequency>3 times
(OR=2.642, p=0.018), transfer to ICU (OR=2.390,
p=0.013), presence of multiple primary tumors
(OR=2.052, p=0.038) and existence of tumor necro-
sis (OR =2.131, p=0.048) were identified as independ-
ent risk factors for STR, while diabetes (OR=0.143,
p=0.013), intact tumor capsule (OR=0.499,
p=0.030), and well-differentiated histological sub-
type (p<0.001) seemed to be independent protective
factors (Table 2). The histological subtype and surgi-
cal frequency emerged as significant independent fac-
tors influencing tumor recurrence. Consequently, we
generated Kaplan—Meier curves for LRFS based on
surgical frequency (Fig. 2A) and histological subtype
(Fig. 2B). Furthermore, the log-rank test results dem-
onstrated a strong correlation between surgical fre-
quency (p<0.001) and histological subtype (p <0.001)
with LRFS.
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Logistic regression analyses for 94 PRPLS cases

In this study, 94 patients with RPLS were identified as
initial cases, while 202 were classified as relapse cases.
Subsequently, a comprehensive analysis of STR was con-
ducted among the PRPLS cases. The results of univariate
analysis demonstrated significant associations between
STR for initial cases and several factors, including intra-
operative blood loss (OR=1.001, p=0.006), transfer to
the ICU (OR=4.098, p=0.008), presence of an intact
tumor capsule (OR=0.231, p=0.004), de-differentiated
histological subtype (OR=5.914, p=0.012), and the pres-
ence of tumor necrosis (OR=6.000, p <0.001).

A multivariate logistic regression model was con-
structed using the following variables: preoperative
NLR, clinical symptoms, type of resection, duration
of surgery, amount of intraoperative blood loss, trans-
fer to ICU, presence of multiple primary tumors, intact
tumor capsule status, histological subtype, and presence
of tumor necrosis. In the multivariate analysis, intact
tumor capsule (OR=0.230, p=0.037) and tumor necrosis
(OR=4.375, p=0.026) were identified as the independ-
ent predictors for STR (Table 3).

Discussion

Currently, radical surgery remains the primary treat-
ment for RPLS, while the therapeutic efficacy of
radiotherapy, chemotherapy, and targeted therapy is

Table 2 Multivariate analysis of predictive factors for STR among 296 RPLS cases

Variables Coefficients OR (95% Cl) p value
Demographic characteristics
Preoperative NLR 0.121 1.129 (1.035-1.232) 0.007
Smoking history -0.685 0.504 (0.238-1.069) 0.074
Diabetes -1.945 0.143 (0.031-0.659) 0.013
Surgical characteristics
Surgical frequency 0.038
2nd time vs. 1st time 0.272 1.313(0.582-2.960) 0511
>3rd time vs. 1st time 0.971 2642 (1.180-5.913) 0.018
Combined organ excision -0.189 0.828 (0.421-1.626) 0.583
Operative time 0.001 1.001 (0.997-1.005) 0.717
Intraoperative blood loss <0.001 1.000 (1.000-1.001) 0.235
Transfer to ICU 0.871 2.390 (1.200-4.760) 0013
Pathological characteristics
Multiple primary tumors 0.719 2.052 (1.039-4.054) 0.038
Irregular tumor shape 0410 1.507 (0.815-2.788) 0.191
Intact tumor capsule -0.694 0.499(0.267-0.936) 0.030
Histological subtype <0.001
De-differentiated vs. well-differentiated 2239 0.381(3.585-24.548) <0.001
Other subtypes vs. well-differentiated 1.040 2.831(1.326-6.043) 0.007
Tumor necrosis 0.757 2.131(1.007-4.511) 0.048
Constant values -2.660 0.070 <0.001

STR Short-term recurrence, RPLS Retroperitoneal liposarcoma, NLR Neutrophil/lymphocyte ratio, ICU Intensive care unit, OR Odds ratio, C/ Credible interval
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Fig.2 Kaplan-Meier curves of local recurrence-free survival (LRFS) for (A) surgical frequency, and (B) histological subtype
Table 3 Univariate and multivariate analyses for STR among 94 PRPLS cases
Variables Univariate analysis Multivariate analysis
OR 95% Cl p value OR 95% Cl p value
Demographic characteristics
Gender 0.923 0.377-2.259 0.861
Age 1.027 0.987-1.070 0.190
Preoperative NLR 1.029 0.934-1.134 0.567 1.055 0.932-1.194 0.399
BMI (kg/m?) 0.949 0.825-1.092 0463
Smoking history 0.886 0.283-2.776 0.836
Diabetes 0.769 0.146-4.067 0.757
Clinical symptoms 2.702 0.968-7.539 0.058 2.794 0.771-10.124 0.118
Surgical characteristics
Resection method 0.297 0.073-1.202 0.089 0.746 0.102-5470 0.773
Combined organ excision 1.842 0.709-4.783 0.210
Operative time 1.005 0.999-1.011 0.078 1.000 0.991-1.009 0.970
Intraoperative blood loss 1.001 1.000-1.002 0.006 1.000 0.999-1.001 0481
Intraperitoneal chemotherapy drug application 0.978 0.403-2.374 0.962
Transfer to ICU 4.098 1457-11.526 0.008 3533 0.777-16.064 0.102
Pathological characteristics
Tumor diameter 0.989 0.945-1.034 0.612
Multiple primary tumors 1.359 0476-3.878 0.566 0.677 0.153-3.001 0.608
Irregular tumor shape 0.829 0.324-2.119 0.695
Intact tumor capsule 0.231 0.086-0.618 0.004 0.230 0.058-0.915 0.037
Histological subtype 0.035 0.332
De-differentiated vs. well-differentiated 5914 1.484-23.564 0.012 2.690 0.454-15.932
Other subtypes vs. well-differentiated 1.789 0.568-5.635 0.320 0.894 0.204-3.915
Tumor necrosis 6.000 2.262-15914 <0.001 4375 1.198-15.975 0.026

STR Short-term recurrence, PRPLS Primary retroperitoneal liposarcoma, NLR Neutrophil /lymphocyte ratio, BM/ Body mass index, ICU Intensive care unit, OR Odds ratio,

Cl Credible interval

suboptimal [2, 4, 5, 15]. Previous studies have indi-
cated that even well-differentiated RPLS exhibited a
disease-specific mortality rate ranging from 30 to 50%,

whereas de-differentiated RPLS presented an alarmingly
high disease-specific mortality rate of up to 30%-75%
[16]. The identification of risk factors for postoperative
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recurrence, particularly STR, remains complex and
unclear in both RPLS and PRPLS cases, making it the
leading cause of mortality. Hence, this study was con-
ducted to ascertain predictors for STR.

The findings of this analysis indicated that a surgical
frequency of > 3 times and a de-differentiated histological
subtype were likely to be significant risk factors for STR.
In general, multiple surgeries necessitate careful consid-
eration of the timing and extent of the operation, as well
as the expertise and technology of the surgeons involved,
along with effective collaboration within the surgical
team. The increased complexity, difficulty, and associ-
ated risks of surgery could result in higher intraoperative
blood loss, prolonged operative duration, and an elevated
incidence of combined organ excision and transfer to the
ICU, thereby increasing the likelihood of residual tumor
tissue and implantation of tumor cells [6, 17, 18]. Com-
pared to previous reports, the rate of combined organ
resection reported in this study appeared to be relatively
lower. On one hand, variations in the incidence, charac-
teristics, therapeutic approach, and timing of surgery for
retroperitoneal tumors across different countries and
regions may contribute to this observation. On the other
hand, it is important to note that the data analyzed in this
study were derived from a single high-volume hospital
in China, which could introduce information bias and
potentially impact the overall quality of evidence.

In the past, our center adopted a more aggressive treat-
ment strategy. For confirmed retroperitoneal tumors,
radical resection was performed regardless of tumor
size or invasion of surrounding organs. The literature
extensively reported the importance of combined organ
resection for retroperitoneal liposarcoma in reducing
local recurrence rates, which was also recommended
by expert consensus both domestically and internation-
ally. In clinical practice, we have observed that combined
organ resection for retroperitoneal tumors invading sur-
rounding organs may lead to a prolonged LRES time,
however, it did not significantly reduce the risk of local
recurrence. Moreover, expanding the excision scope in
pursuit of radical efficacy could potentially elevate surgi-
cal risks and compromise organ functionality. Therefore,
with the primary objective of ensuring surgical safety, it
is imperative to perform en bloc excision of the tumor
and its surrounding tissue as extensively as possible in
order to minimize the risk of residual tumor presence
and subsequent recurrence. In cases where piecemeal
resection is unavoidable for RPLS patients, we meticu-
lously evaluated each surgical margin intraoperatively to
prevent any remnants of the tumor. Consequently, some
cases of piecemeal resection were included in this study
as appropriate subjects, and the local recurrence rate of

Page 7 of 9

these cases was not higher than that of complete resec-
tion cases [19-21].

The RPLS cases included in this study were categorized
into well-differentiated, de-differentiated, and other
pathological subtypes, with the latter encompassing
mucous, pleomorphic, and mixed liposarcoma. Well-dif-
ferentiated and de-differentiated subtypes predominated
among retroperitoneal liposarcomas. However, a sig-
nificant number of RPLS cases exhibited multiple path-
ological subtypes. In order to eliminate the potential
confounding effects of different pathological subtypes,
cases of RPLS that exhibited two or more subtypes were
classified as mixed liposarcoma. Out of the 163 RPLS
cases with other subtypes, 108 were identified as mixed
liposarcoma, predominantly consisting of well-differen-
tiated or de-differentiated components in conjunction
with other subtypes. The prognosis of RPLS cases var-
ies significantly among different histological subtypes, as
reported in the majority of published literature. Notably,
well-differentiated RPLS exhibited a lower recurrence
rate and significantly prolonged LRES compared to other
subtypes [8, 9, 22]. Furthermore, this study demonstrates
that the well-differentiated group has a lower STR rate
than the de-differentiated group. The degree of tumor
differentiation, the number of mitotic figures, and the
extent of tumor necrosis serve as the primary criteria for
tumor pathological grading. Furthermore, a low degree
of tumor differentiation, a high number of mitotic fig-
ures, and extensive tumor necrosis could contribute to a
higher grade of tumor, thereby increasing the incidence
rate of STR [9, 11, 12, 21, 22]. The presence of irregu-
lar tumor shape, incomplete tumor capsule, and multi-
ple lesions often accompanies de-differentiated RPLS,
rendering the identification of the boundary between the
tumor and normal tissue, challenging and impeding the
achievement of complete radical resection [11, 23, 24].

Tumor-related inflammation can induce the tumor
itself or surrounding cells to express a variety of mol-
ecules, thereby creating a microenvironment that
potentially facilitates tumor progression. Elevated NLR
levels, as indicated by the expression ratio of serum
lymphocytes and neutrophils, typically signify the
suppression of anti-tumor immune status and activa-
tion of an inflammatory response [25-27]. Therefore,
the NLR level may regulate tumor cell growth rate and
invasiveness, thereby influencing the incidence of STR.
Moreover, this study suggested that diabetes may exert
a protective effect against STR. It is widely recognized
that tumor cells predominantly rely on glycolysis for
energy generation in both aerobic and anaerobic envi-
ronments, a phenomenon commonly referred to as
the "Warburg effect". For individuals with diabetes,
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the disruption of glucose metabolism and the reduc-
tion in dietary sugar intake may impede the glycolysis
process of tumor cells, thereby potentially decelerating
the growth rate of RPLS and diminishing the risk of
STR [28]. Given the limited number of diabetes cases
included in this analysis, further investigation is war-
ranted to explore its protective effect against STR.

The presence of tumor necrosis and an intact tumor
capsule were identified as significant risk factors for
STR in both RPLS and PRPLS cases. An intact tumor
capsule often indicates a lower degree of malignancy,
facilitating the achievement of complete radical resec-
tion and thereby reducing the likelihood of residual
tumor tissue. Consequently, ensuring the preserva-
tion of the integrity of the initially operated tumor is
particularly crucial in preventing STR in PRPLS [14].
The occurrence of tumor necrosis is often attributed
to the rapid growth and chronic ischemic injury of
solid tumors, which are indicative of hypoxia and high
malignancy. Extensive tumor necrosis generally signi-
fies a poor prognosis and a high likelihood of recur-
rence [12, 29, 30]. Therefore, it is recommended to
perform intraoperative pathological examination for
confirmation of the presence and extent of tumor
necrosis. The presence of tumor necrosis in RPLS
cases necessitates the appropriate expansion of exci-
sion scope, meticulous surgical techniques, and thor-
ough examination to prevent residual tumor tissue.
Additionally, a shortened review interval and increased
frequency of postoperative reviews are essential for
detecting any potential STR.

Although this study has identified risk factors asso-
ciated with STR in RPLS and PRPLS cases by utilizing
the case data from one of the nation’s largest medical
centers, there are still certain limitations that need to
be acknowledged. First, the level of evidence was con-
strained by administrative and technical disparities
between retrospective cohort studies and single-center
cases, limiting the robustness of the findings. Sec-
ondly, the inclusion of case data spanning a significant
period of time may contribute to the presence of infor-
mation bias. Subsequently, multi-center, large-scale,
and prospective studies are needed to validate and
augment the findings of this study.

Conclusion

Elevated preoperative NLR, surgical frequency of>3
times, transfer to the ICU, presence of multiple primary
tumors, and tumor necrosis were identified as inde-
pendent risk factors for STR in surgically treated RPLS.
Conversely, diabetes mellitus, intact tumor capsule, and
well-differentiated histological subtype were identified as
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independent protective factors. The intact tumor capsule
and presence of tumor necrosis can serve as independent
predictors for STR in PRPLS cases. This study has identi-
fied demographic, surgical, and pathological factors that
can predict STR in both RPLS and PRPLS cases, thereby
offering potential applications in clinical practice.
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