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Background: Extended surgery with multi-visceral resection is the standard treatment for retroperitoneal liposarcoma (RLPS).
Malnutrition tends to result in increased surgical complications and reduced survival. The aim of this study was to identify the
prognostic role of nutritional status in patients with RLPS.

Patients and methods: Data from 189 consecutive patients with RLPS who underwent surgical treatment at the Peking University
Cancer Hospital Sarcoma Center between April 2011 and August 2022 were retrospectively reviewed. The following nutritional
parameters were calculated: nutritional risk index, prognostic nutritional index (PNI) and Nutrition Risk Screening 2002. Time-
dependent receiver operating characteristic (time-ROC) curve analysis was conducted to compare the prognostic utility of nutritional
indicators. The associations between nutritional indicators and major complications, local recurrence-free survival (LRFS) and overall
survival (OS) were investigated.

Results: Based on the time-ROC curve analysis, the PNI was superior to other nutritional indices at predicting OS. The optimal cut-
off value of PNI was 41.2. The PNI was significantly inversely associated with tumor size, tumor grade, and histological subtype.
Patients in the low PNI group (< 41.2) had significantly shorter LRFS and OS than those in the high PNI (> 41.2) group, with higher
major morbidity and mortality rates. The PNI was found to be a unique nutritional predictor that independently predicted LRFS and
OS in the multivariate analysis.

Conclusion: The PNI is an effective tool for nutritional assessment in patients with RLPS. A low PNI value in patients with RLPS
predicts worse survival outcomes.
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Introduction
Retroperitoneal sarcomas (RPS) are a set of heterogeneous tumors that comprising more than 100 different histological types.'
The predominant form of RPS is retroperitoneal sarcoma (RLPS), accounting for roughly 40-60% of RPS.? Considering the
wide potential space of the retroperitoneum, liposarcoma is most frequently asymptomatic and often discovered as an
incidental finding of a huge abdominal mass during check-up.® Subtle symptoms such as abdominal discomfort, fatigue,
dyspepsia or constipation are occasionally reported, but patients with RLPS seldomly present with clinically evident
hydronephrosis or bowel obstruction.® Therefore, accurately evaluate nutritional status in patients with RLPS is quite difficult.
Given that RLPS is prone to encase or abut vital viscera and major vessels, complete resection in a high-volume
center is the cornerstone of the management of RLPS.* Extended surgery with multi-visceral resection commonly
involves gastrointestinal resections and has a high postoperative morbidity rate, highlighting the necessity of nutritional
evaluation.” Nutritional status has been recognized as a critical role in tumor progression and prognosis in various

cancers.®® For the patients with RLPS, the real weight loss can be balanced by the increasing weight of the tumor.” For
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this reason, the malnutrition in RLPS patients is easily neglected. Hence, a reliable nutritional screening tool is needed to
identify patients with a high risk of malnutrition and to optimize their nutritional status preoperatively when possible.

The screening of nutritional status is crucial in the treatment of RLPS. Various nutritional screening tools, such as the
nutritional risk index (NRI), prognostic nutritional index (PNI) and Nutrition Risk Screening 2002 (NRS-2002) have been
explored in various type of cancers.”'®'" The PNI, calculated based on a combination of serum albumin and lymphocyte
count, has been used as a prognostic tool for survival in cancer patients.® The NRI (derived from serum albumin level and the
ratio of the actual to usual body weight) has also been reported to be a useful nutritional tool in patients with soft tissue
sarcoma (STS).® To date, standard nutritional assessment has not been thoroughly explored in patients with RLPS.

Owing to its rarity, histology-tailored outcomes of nutritional status for RPS have seldom been reported. Therefore,
the study aimed to explore the prognostic utility of nutritional parameters in patients with RLPS.

Materials and Methods
Study Population

This cohort enrolled all consecutive patients operated at Peking University Cancer Hospital Sarcoma Center for
RLPS between April 2011 and August 2022. Clinical data was extracted from a prospectively maintained database.
None of the patients received neoadjuvant and adjuvant chemotherapy or radiotherapy in this study. The inclusion
criteria included pathologically diagnosed liposarcoma, available medical records and follow-up data, absence of
metastasis, and not received preoperative chemoradiotherapy or targeted therapy. Patients were excluded: a) who
received prior antitumor treatment (n=5), b) lost to follow-up (n=2), c) diagnosed with acute infection or chronic
inflammatory diseases (n=4), d) had incomplete laboratory results (n=3). Finally, 189 patients were included in the
current study.

The study was performed in compliance with the Declaration of Helsinki. Ethical approval was acquired from Peking
University Beijing Cancer Hospital. All patients signed the informed consent prior to surgery.

Diagnosis and Definitions
The histology of the patients was diagnosed by two specialized pathologists in sarcomas. MDM2 (mouse
double minute 2) amplification was performed to confirm the diagnosis if needed.” Pathological subtypes were
evaluated based on the 2020 World Health Organization criteria for soft tissue tumors.'? Surgical resections were
grouped as macroscopically complete (RO/R1) or macroscopically incomplete (R2). Tumor size was defined as the
sum of the largest tumor diameters. Tumor grading was determined based on the grading system of the French
Federation of Cancer Centers Sarcoma Group (FNCLCC).'?> Multifocality was defined as the presence of more
than one noncontiguous tumor through pathological confirmation.

The parameters to assess short-term clinical outcomes were: length of postoperative hospital stay, estimated blood
loss, operation time, and major morbidity. The postoperative complications were evaluated based on the Clavien—Dindo
classification and recorded “major” if grade IIT or higher occurred.'*

Definition of Nutritional Indices
Preoperative laboratory test results, comprising serum albumin, lymphocyte count, weight and height were obtained
within a week before operation. Nutritional indicators were calculated as following formula: The PNI'® = albumin (g/L)
+ 5*lymphocyte count (10°/L); NRI'® = 1.487 * albumin level (g/L) + 41.7 * preoperative weight/ideal body weight (kg).
We defined ideal body weight as 22 *height (m)? based on previously described methods.’

BMI was calculated as weight (kg)/height (m)?'” Briefly, NRS-2002 incorporates three parameters: impaired
nutritional status (03 points), severity of disease (0—3 points), and age (0—1 points). A total score of >3 points represents
that the patient is at risk of malnutrition.'®
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Follow-up
Patients were regularly followed up every 3 months during the first 2 years after discharge and every 6 months thereafter.
During each follow-up, blood test, physical examination, abdominopelvic computed tomography (CT) or magnetic
resonance imaging (MRI) were routinely conducted.

The primary outcomes were major complication rate, LRFS and OS. LRFS was regarded as the time between surgery
and the local recurrence or last follow-up. OS was regarded as the time between surgery and death or last follow-up.

Statistical Analysis

Continuous variables are presented as median (interquartile range, IQR) and were compared using the two-sided Chi square test
or Fisher’s exact test. Categorical variables are given as absolute number (percentage) and were performed using the Mann—
Whitney U-test. The area under the ROC curve (AUC) was estimated to compare prognostic ability of nutritional indicators in
predicting OS by using time-dependent receiver operating characteristic (time-ROC) curve analysis.'® X-tile analysis was
performed and the largest point of the log-rank statistic for 5-year OS determined the optimal cut-off values of nutritional
indicators.”® The independent risk factors on major complications were determined by performing univariate and multivariate
logistic regression analyses and reported as odds ratios (ORs). The independent predictors of LRFS and OS were identified via
univariate and multivariate Cox regression analysis and expressed as hazard ratios (HRs). Kaplan—-Meier method was used to plot
survival curves and the Log rank test was conducted to compare the differences. Results was considered statistically significant at
p-value < 0.05. X-tile software (version v3.6.1, Yale University) were utilized to perform X-tile analysis. Other statistical
analyses were performed using SPSS version 26.0 (Chicago, IL, USA) and R software (version 3.6.1).

Results

Baseline Clinicopathological and Treatment Characteristics

A total of 189 consecutive patients operated for RLPS in the study period enrolled the study (Table 1). The proportion of
male and female was 55% and 45%, respectively. The median age was 57 (IQR 48—63) years, with a median BMI of 23.4
(IQR:21.5-25.8). The median tumor size was 20 (IQR 14-28) cm. The most common histologic subtype was DDLPS
(64.6%), followed by WDLPS (25.9%), MLPS (4.2%), and PLPS (5.3%). Furthermore,111 patients (58.7%) had primary
tumors and 71 patients (37.6%) presented with multifocality. The G1, G2 and G3 tumors were identified in 47 (24.9%),

Table | The Baseline Clinicopathologic and Treatment Characteristics of All Patients, as Well as
Patients in the Low (< 41.2) and High (241.2) PNI Groups

Variables Total(n=189) Low PNI(n=68) | High PNI (n=121) | P value
Age [years, median (IQR)] | 57 (48-63) 58 (50-64) 56 (47-62) 0.121°
Gender 0.290*
Male 104 (55) 41 (60.3) 63 (52.1)
Female 85 (45) 27 (39.7) 58 (47.9)
BMI [kg/m?, median (IQR)] | 23.4 (21.5-25.8) 225 (21.2-25.4) | 23.8 (21.7-26.2) 0.062°
Presentation statu 0.166*
Primary 111 (58.7) 35 (51.5) 76 (62.8)
Recurrence 78 (41.3) 33 (48.5) 45 (37.2)
Size [cm, median (IQR)] 20 (14-28) 23 (18-29) 17 (12.5-27) <0.001°
Multifocality 0.005*
No 118 (62.4) 33 (48.5) 85 (70.2)
Yes 71 (37.6) 35 (51.5) 36 (29.8)
Histologic subtypes 0.010%
Well-differentiated 49 (25.9) 10 (14.7) 39 322)
Dedifferentiated 122 (64.6) 54 (79.4) 68 (56.2)
Myxoid/Round cell 8 (4.2) 1 (1.5) 7 (5.8)
Pleomorphic 10 (5.3) 3 (44) 7 (5.8)
(Continued)
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Table | (Continued).

Variables Total(n=189) Low PNI(n=68) | High PNI (n=121) | P value
FNCLCC grade 0.023*
Gl 47 (24.9) 10 (14.8) 37 (30.6)
G2 80 (42.3) 29 (42.6) 51 (42.1)
G3 62 (32.8) 29 (42.6) 33 (27.3)
Extent of resection 0.003*
Complete 172 (91) 56 (82.4) 116 (95.9)
Incomplete 17 (9) 12 (17.6) 54.10)
No. of resected organs 54-7) 6 (5-7) 5 (3-6) <0.001°
NRS-2002 <0.001*
<3 150 (79.4) 44 (64.7) 106 (87.6)
>3 39 (20.6) 24 (35.3) 15 (12.4)
NRI [median (IQR)] 103.8(95.9-109.6) | 98.6(91.5-106.6) | 105.7(98.8—110.2) <0.001°

Notes: Values were shown as n (%), or median (interquartile range). *Comparison of data using the two-sided Chi-square
test. ®Comparison of data using the Mann—-Whitney U-test.

Abbreviations: BMI, body mass index; NRI, nutritional risk index; PNI, prognostic nutritional index; NRS-2002, Nutrition Risk
Screening 2002; FNCLCC, French National Federation of the Centers for the Fight Against Cancer; IQR, interquartile range.

80 (42.3%) and 62 (32.8%) patients, respectively. 91% of patients underwent complete resection and the median number
of resected organs was 5 (IQR 4-7). The majority of patients were classified as NRS-2002 < 3 (79.4%).

Comparison of the Ability of Nutritional Indicators in Predicting OS
As shown in the Figure 1, the AUC of the PNI for predicting OS was markedly greater than those of the BMI, NRI and
NRS-2002 at all tested timepoints. Therefore, the PNI was superior for predicting OS in RPLS patients than any other
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Figure | Time-ROC curve analysis to compare the ability of PNI, NRS-2002, NRI and BMI in predicting overall survival. The horizontal axis depicts the time after surgery,
and the vertical axis depicts the corresponding area under the ROC curve for survival at different time points.
Abbreviations: BMI, body mass index; NRI, nutritional risk index; PNI, prognostic nutritional index; NRS-2002, Nutrition Risk Screening 2002.
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markers assessed. The AUCs of the PNI in predicting the 1-, 3-, and 5-year OS were 0.682, 0.673, and 0.723,
respectively. The results for the NRI, BMI and NRS-2002 were shown in Supplementary Table 1.

X-tile Analysis to Assess the Optimal Out-off Values

The optimal cut-off values of nutritional indicators were determined by applying X-tile analysis for 5-year OS.
Accordingly, patients were divided into low and high groups in terms of the optimal cut-off values. The optimal cut-
off values of PNI and NRI were 41.2 and 90.5, respectively (Supplementary Figure 1). Therefore, based on the optimal
cut-off value of the PNI, the whole cohort were divided into low (< 41.2, n = 68) and high (> 41.2, n = 121) PNI groups.

Association Between PNI and Clinicopathologic Characteristics

The correlation between PNI and clinicopathologic characteristics were shown in Table 1. Compared with patients in
high PNI group, those in low PNI group were more likely to have larger tumors (p < 0.001), advanced FNCLCC grade (p
= 0.023), and multifocality (p = 0.005). The patients in high PNI group were more likely to receive complete resection (p
= 0.003) and less number of resected organs (p < 0.001). More important, the low PNI group also had markedly lower
NRI (p < 0.001) and higher proportion of NRS-2002 >3 (p < 0.001). Nevertheless, no remarkably association were
detected between the two groups in terms of BMI, presentation status, age, and gender.

Short- and Long-term Outcomes

Operative data and the short- and long-term surgical outcomes of all the patients are presented in Table 2. The patients
experienced longer median operative time (537 vs 420 min, p<0.001) and greater median estimated blood loss (1800 vs
800 mL, p<0.001) in the low PNI group. The major morbidity and 60-day mortality rates in the low PNI group were
higher than that in the high PNI groups (32.4% vs 19%, p = 0.039; 5.8% vs 0.8%, p=0.038; respectively). The
reoperation rates and postoperative hospitalization time were comparable between the low and high PNI groups.

With a median follow-up of 55 (IQR 29-80) months, the median LRFS and 5-year LRFS rates in the low PNI group
was markedly worse than that in the high PNI group (17 vs 49 months, p<0.001; 17.4% vs 45.8%, p=0.015; respectively)
(Figure 2A). Meanwhile, the low PNI group was observed with significantly worse median OS and 5-year OS rates than
that of the high PNI group (26 vs 86 months, p<0.001; 25.2% vs 68.7%, p<0.001; respectively) (Figure 2B).

Univariable and Multivariable Analyses

We performed univariate logistic regression analyses to evaluate risk factors on major complication. The results showed
that none of clinical features as significantly prognostic parameters were associated with major complication
(Supplementary Table 2). Clinical features including gender, presentation, histological subtypes, multifocality,
FNCLCC grade, extent of resection, NRS-2002, NRI, and PNI were studied in the multivariate analysis for LRFS.
The results revealed that presentation, multifocality, FNCLCC grade, extent of resection and PNI were independent

Table 2 Short- and Long-Term Outcomes in Patients Undergoing Surgery for Retroperitoneal Liposarcoma

Variables Total (n=189) Low PNI (n=68) High PNI (n=121) | P value
Operation duration [min, median (IQR)] 460 (327-586) 537 (410-654) 420 (284-528) <0.001
Estimated blood loss [mL, median (IQR)] 1000 (400-2500) 1800 (925-3375) 800 (300-2000) <0.001
Postoperative hospitalization time [days, median (IQR)] | 20 (15-28) 24 (18-32) 19 (14-26) 0.089
Major complications, n (%) 48 (25.4) 22 (32.4) 23 (19) 0.039
Reoperation, n (%) 16 (8.5) 8 (11.8) 8 (6.6) 0.278
Death within 60 days of surgery, n (%) 3 (1.6) 4 (5.8) 1 (0.8) 0.038
Median LRFS (95% CI, month) 31 (2349) 17 (21-31) 49 (32-72)
Median OS (95% Cl, month) 74 (43-89) 26 (14-40) 86 (78-99)
5-year LRFS rate (95% ClI) 36.7% (29.1-46.4%) | 17.4% (7.9-38.4%) 45.8% (36.3-57.9%) | 0.015
5-year OS rate (95% ClI) 54.2% (46.6-62.9%) | 25.2% (14.7-43.1%) | 68.7% (60-78%) <0.001
Abbreviations: IQR, interquartile range; LRFS, local recurrence-free survival; OS, overall survival.
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Figure 2 Comparison of local recurrence-free survival (A) and overall survival (B) between patients with high and low PNI groups in the entire patient cohort.

predictors for LRFS (Table 3). Moreover, variables including age, presentation, histological subtypes, multifocality,
FNCLCC grade, extent of resection, the number of resected organs, NRS-2002, NRI, and PNI were incorporated into the
multivariate analysis for OS. Age, presentation, FNCLCC grade, extent of resection, and PNI were independent factors

affecting OS (Table 3).

Clinical Utility Assessment of PNI in Predicting LRFS and OS via Subgroup Analyses

To investigate the clinical utility of the PNI, subgroup analyses were performed via univariate Cox regression. As shown

in Figure 3, we found that the PNI was significantly inversely associated with LRFS and OS across nearly all different

clinicopathologic characteristics. The detail clinicopathologic characteristics were as follows: gender (female or male),

age (<60 or >60 years), presentation status (primary or recurrence), multifocality (no or yes), histological subtypes (well-
differentiated, Dedifferentiated, Myxoid/Round cell or Pleomorphic), FNCLCC grade (G1, G2 or G3), and extent of

Table 3 Multivariate Analysis of Variables Influencing LRFS and OS

Variables Local Recurrence-Free Survival Overall Survival
HR (95% CI) P value HR (95% CI) P value
Gender (female vs male) 0.604 (0.393—-1.129) 0.052 — —
Age — — 1.025 (1.000-1.050) | 0.049
Presentation (recurrence vs primary) | 2.019 (1.345-3.03) 0.001 1.901(1.215-2.974) 0.005
Multifocality (no vs yes) 1.004 (0.628-1.607) 0.985 1.018 (0.601-1.723) | 0.948
Histologic subtypes <0.001 0.063
DD vs WD 2.626 (1.392-4.955) 0.003 3.194 (0.928-10.987) | 0.065
Myxoid/Round Cell vs WD 8.755 (3.295-23.262) <0.001 7.746 (1.713-35.015) | 0.008
Pleomorphic vs WD 2.944 (1.178-7.361) 0.021 3.668 (0.862—15.601) | 0.078
FNCLCC grade 0.212 <0.001
G2 vs GI 0.973 (0.349-2.716) 0.999 2.969 (1.371-6.425) | 0.006
G3 vs GI 1.454 (0.505—4.183) 0.488 4.875 (2.245-10.585) | <0.001
Complete resection (no vs yes) 3.217 (1.728-5.987) <0.001 2.2 (1.187-4.077) 0.012
No. of resected organs — — 1.032 (0.913-1.166) 0618
NRS2002 (=3 vs <3) 1.330 (0.806-2.193) 0.264 1.821 (0.909-3.016) | 0.072
NRI (290.5 vs < 90.5) 0.984 (0.518-1.868) 0.961 1.244 (0.644-2.404) | 0515
PNI (241.2 vs < 41.2) 0.515 (0.337-0.788) 0.002 0.435 (0.273-0.693) | <0.001

Note: Bold indicated that p < 0.05 meant the data was statistically significant.
Abbreviations: WD, well-differentiated; DD, dedifferentiated; FNCLCC, French National Federation of the Centers for the Fight
Against Cancer; 95% Cl, 95% confidence interval; OR, odds ratio; HR, hazard ratio.
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Local Recurrence-free Survival Overall Survival
Subgroup HR (95%Cl) P value HR (95%Cl) P value

Gender : I

Male P 2.810(1.686,4.685) <0.001 | —— 3.392(1.943,5.922) <0.001

Female — 1.535(0.780,3.023) 0.215 —— 2.633(1.241,5.586) 0.012
Age i 5

<60 yrs —-— 2.132(1.283,3.544) 0.003 —— 2.983(1.674,5.316) <0.001

>60 yrs \—— 2.597(1.326,5.086) 0.005 ) —— 3.280(1.638,6.567) 0.001
Presentation status E E

Primary | — 3.214(1.740,5.983) <0.001 \—=— 2.333(1.230,4.428) 0.01

Recurrence = 1465(0.8612.495) 0159 ' ———  3.952(2.131,7.330) <0.001
Multifocality

No = 1.760(0.975-3.176) 0.061 = 2.712(1.440,5.111) 0.002

Yes - 2.403(1.347,4.286) 0003 | —— 3.517(1.835,6.741)  <0.001
Histologic subtypes E E

Well-differentiated ,—#%—— > 4.105(1.235,13.650) 0.021 +—#———— > 3.503(0.766,16.016) 0.106

Dedifferentiated E—-— 1.935(1.208,3.098) 0.006 E == 3.287(1.949,5.546) <0.001

Myxoid/Round cell —————#—> 6.481(0.405,23.824) 0.187 ———#——> 6.286(0.305,18.052) 0.859

Pleomorphic @———  1.693(0.386,7.432) 0485 - —> 2.135(0.381,11.957) 0.388
FNCLCC grade

G1 , —#—> 5.373(1.697,17.009) 0.004 —#——> 4.378(1.066,14.982) 0.041

G2 e 1.947(1.067,3.553) 0.03 | —=——  3.822(1.897,7.699) <0.001

G3 T 1.498(0.799,2.812) 0.208 e 1.957(1.033,3.708) 0.039
Extent of resection E E

Complete — 2.026(1.304,3.149) 0002 :—— 2.864(1.767,4.641) <0.001

Incomplete — 1.641(0.513,5.254) 0.404 +—#————— 2425(0.659,8.923) 0.183

01 3 57 01 3 57
High-PNI  Low-PNI_ High-PNI  Low-PNI_

Figure 3 Subgroup analyses using univariate Cox regression to assess the discrimination ability of PNI for local recurrence-free survival and overall survival in patients with
different clinical characteristics.
Abbreviations: FNCLCC, French Federation of Cancer Centers Sarcoma Group; HR, hazard ratio; 95% Cl, 95% confidence interval.

resection (complete or incomplete). Although it failed to acquire statistical significance in subgroup analyses based on
specific clinical features, the trend of decreased survival in patients with low PNI value was consistent.

Discussion

Nutritional status is considered vital to the prognosis of patients with STS.**'* Nevertheless, the methods to accurately
evaluate nutritional status in patients with RPS are remain controversial.”''* To the best of our knowledge, our study is
the most extensive study evaluating the prognostic value of various nutritional indices in a homogeneous population of
patients undergoing surgery for RLPS.

The surgical policies for patients with RPS have been well described.>**> However, there has been growing interest in
the nutritional assessment of patients with RPS in recent years.”''*>22” RLPS is a rare sarcoma that originates from
mesenchymal cells. It tends to reach a large size at diagnosis and affects body weight with its volume.” Surgery is the
mainstay of treatment for RLPS. An extended surgical procedure necessitates en bloc resection of the surrounding
organs, commonly involving the gastrointestinal tract.” Therefore, assessing nutritional status is particularly important in
the global management of RLPS. Considering that real weight loss can be masked by the increasing weight of the tumor,
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assessing weight loss is difficult in patients with RLPS.” Thus, a comprehensive and detailed nutritional assessment is
required for patients with RLPS.

Recently, numerous nutritional indices, such as NRI, NRS-2002, and PNI, are available to assess and score nutritional
status in variety of cancers.”'! In our study, time-dependent ROC analysis showed that the PNI is a preferred tool to
assess the nutritional status of patients with RLPS. Compared to NRS-2002 and NRI, PNI was also identified as an
independent predictor of LRFS and OS in multivariable analyses. The prognostic performance of BMI is limited, likely
because BMI is based on weight and height, without taking into account the actual body composition.® The NRI, which
is derived from serum albumin level and the ratio of the actual to usual body weight, has been reported to be a predictor
of prognosis in various types of cancer.” However, a study from France reported that the NRI fails to show an
independent prognostic value for patients with RPS, which is consistent with the finding of our study.'' The NRS-
2002 have been used to predict prognosis in patients undergoing gastrointestinal surgery.”’ But its prognosis utility was
found to be limited in our study. The poor predictive ability of these nutritional indices may be because they are
characterized by weight-based classifications. Given the low proportion of weight loss in RLPS patients, changes in
weight as a standard to assess nutritional status seem inadequate in predicting the prognosis. Here, the use of
a combination of specific laboratory markers was useful in patients for predicting the prognosis with RLPS.

The PNI, which combines albumin levels and lymphocyte counts, reflects nutritional status of cancer patients and
predicts prognosis.®**! In this study, the PNI showed prognostic superiority in patients with RLPS. Patients in the low PNI
group were more likely to have larger tumors, advanced FNCLCC grade, and multifocality, indicating that aggressive
tumors correlated with decreased nutritional status. Similar to our findings, in a series of 100 patients, a low PNI value was
remarkably associated with adverse outcomes.”” The reason why the PNI is associated with cancer prognosis is not
completely understood, but the speculations for this association are listed below. Serum albumin is an important indicator of
nutritional status and it reflects a negative catabolic state of the body.>**> Whereas peripheral lymphocytes help prevent the
proliferation, and invasion by cancer cells, and contribute to establish the immune response.**

Extended surgery with multi-visceral resection for RLPS commonly comprises gastrointestinal resections.
Accordingly, the rate of postoperative morbidity is high and the occurrence of complications is potentially exacerbated
by malnutrition.?®> In the present study, patients in the low PNI group experienced a longer median operative time and
greater estimated blood loss. As for the short-term outcomes, the major morbidity and 60-day mortality rates in the low
PNI group were higher than that in the high PNI groups. Despite reoperation rate and postoperative hospitalization time
failed to show significant differences between the low and high PNI groups, the trend of unfavorable outcome was
observed in the low PNI group. This may be due to the invasive surgical strategy for RLPS, which involves pancreas and
major vessel resection.*® Therefore, greater attention should be paid to preoperatively nutritional evaluation and support
to mitigate complications. Undoubtedly, further large-sample studies are needed to clarify the role of PNI in predicting
major complications in patients with RLPS.

More importantly, multivariable analyses identified the independent prognostic value of PNI for LRFS and OS in
patients with RLPS. The 5-year LRFS rate of patients in the high-PNI group was 28% higher than that in the low-PNI
groups (45.8% vs 17.4%, P = 0.015). Whereas, the 5-year OS rate of patients in the low-PNI group was lower than that in
the high-PNI groups (25.2% vs.68.7%, P<0.001). Moreover, PNI showed good clinical applicability in patients across
different clinicopathological features. Accordingly, the PNI was able to better identify a high-risk population with
unpromising prognosis, which can guide clinicians to monitor disease progression accurately and to plan individualized
treatment strategies.

Taken together, our findings offer valuable insights into the prognostic utility of the PNI in the comprehensive
nutritional assessment of patients with RLPS. However, our study has several limitations. First, this study was performed
retrospectively and inherent selection bias could not be avoided. Second, the optimal cut-off values for the nutritional
indices may fluctuate with different sample size. In addition, some patient-specific variables, such as age, alcoholism,
mental health issues, medical comorbidities, smoking status, poor socioeconomic status, and access to healthy food, may
affect the evaluation of nutritional status using the PNI. Third, although this is the largest cohort focused on RLPS
reported to date, the sample size was limited. Hence, further studies involving multi-institutional and international
collaborations are required to confirm the results of the current study.
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Conclusion

The preoperative PNI is the preferred tool to assess the nutritional status of patients with RLPS, as it is objective,
economical, reproducible and has robust predictive ability. The PNI independently predicts poor survival and offers
valuable information to aid in the perioperative nutritional management of patients with RLPS. Further large-sample
studies were warranted to confirm the findings.
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