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Survival and prognostic a
nalysis of preoperative
indicators in patients undergoing surgical
resections with rhabdomyosarcoma
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Abstract
Several preoperative blood and biochemical parameters are associated with postoperative survival in many kinds of tumors. The aim
of this study is to study the predictive value of several routine preoperative blood and biochemical parameters on the prognosis
patients with rhabdomyosarcoma (RMS).
We retrospectively recruited 55 patients diagnosed with RMS and had surgery atWest China Hospital, Sichuan University between

January 2010 and December 2018. Baseline characteristics of the patients, tumor features, surgery details, and values of several
examinations were extracted. A long-term follow-up was conducted by phone call. A novel statistical analysis was subsequently
carried out to look for the relationship of preoperative parameters and patients’ prognosis.
The ROC analysis showed an area under curve (AUC) of 0.608, 0.620, 0.626, 0.591, and 0.518 for neutrophil to lymphocyte ratio

(NLR), platelet to lymphocyte ratio (PLR), monocyte to lymphocyte ratio (MLR), lactic dehydrogenase (LDH), and alkaline
phosphatase (ALP) respectively, and the cut-off value of 2.843, 162.961, and 0.239 for NLR, PLR, andMLR respectively. The survival
analysis showed that certain blood and biochemical parameters could cause differences in overall survival (OS) (P= .005 for NLR,
P= .005 for PLR, and P= .007 for MLR) and progression free survival (PFS) (P= .029 for NLR, P= .008 for PLR, and P= .013 for
MLR).
Several preoperative blood and biochemical parameters are novel prognostic factors in RMS patients. Specifically, a higher NLR,

PLR, and MLR value will predict a statistically shorter OS and PFS.
In the future, surgeons should care more about NLR, PLR, and MLR values and several other parameters in patients’ preoperative

normal blood and biochemical tests to predict the postoperative conditions.

Abbreviations: AJCC = American Joint Committee on Cancers, ALP = alkaline phosphatase, ALT = alanine aminotransferase,
ARMS = alveolar rhabdomyosarcoma, AST = aspartate transferase, AUC = area under curve, ERMS = embryonal
rhabdomyosarcoma, HR = hazard ratio, LDH = lactic dehydrogenase, MLR = monocyte to lymphocyte ratio, NLR = neutrophil
to lymphocyte ratio, OS = overall survival, PFS = progression-free survival, PLR = platelet to lymphocyte ratio, RMS =
rhabdomyosarcoma, ROC = receiver operating characteristics, SD = standard deviation, WBC = white blood cell.
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1. Introduction

Rhabdomyosarcoma (RMS) is recognized as the most universal
sarcoma in children under 15 years old, which takes up over
50% of all soft tissue sarcoma and 4.5% of all malignancies in
children.[1,2] Meanwhile, it’s reported that an approximate 350
children are eventually diagnosed with RMS in the United
States alone.[3] Due to the severity and vulnerability of RMS,
wide attention has been focused on its pre-clinical research,
diagnosis, treatment, and prognosis.[4] In 2013, the World
Health Organization (WHO) pathologically divided RMS into
several subgroups, including spindle cell/sclerosing, pleomor-
phic, alveolar rhabdomyosarcoma (ARMS), and embryonal
rhabdomyosarcoma (ERMS).[5] Types of RMS were correlated
with distinct and different prognosis. Another report suggested
that high variability in site, size, histology, differentiation, and
clinical behavior of the original tumors contributed to the
complexity of long-term management.[6] Fortunately, with
the advancement in molecular biology, risk stratification,
and targeted appropriate tailor therapy, it became easier to
enact a well-rounded, targeted, personal, and highly-effective
therapy.[7]
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Thanks to the advancement of diagnostic technologies, precise
classification of the tumor’s biological features, and subsequent
standard treatment can be obtained.[8] Therefore, a couple of
standard technologies in treatment have also been developed. To
be specific, chemotherapy, new adjuvant therapy, radiology and
biotherapy immunotherapy are the most highly-recommended
non-surgical strategies.[9] Still, surgery remains the best possible
way to manage early- and medium-stage and regionally limited
malignancies, especially in tumors located in the upper and lower
extremities and the retroperitoneal cavity are best recom-
mended.[10,11] Hence, a standard perioperative management
schedule should be established, therefore special attention to
certain prognosis-related procedures should be paid. In other
words, prognostic factors which can be obtained preoperatively
are ought to be found and evaluated.
To our regret, insufficient parameters which could predict

postoperative outcomes have been determined, which prevented
surgeons to take necessary measurements and predict prognosis
before surgery. Among these, some parameters reflecting the
inflammatory response and biochemical values have been proved
to have such correlation with prognosis in several types of
tumors.[12–14] The most widely known correlation is the one
between the value of lactic dehydrogenase (LDH) and prognosis of
patients with most types of lymphoma.[15] As is all known,
inflammatory response plays an important role in tumor activity,
since this process attracts and releases inflammatory cells and
secrets significant chemicals.[16] In the meantime, tumorigenesis
and tumor development depend on a certain degree of inflamma-
tory response and needs to be mediated by immune cells and
molecules.[17] Therefore, core cells in the immune system, such as
neutrophils, monocytes, platelets, white blood cells (WBC),
lymphocytes, and other cells can largely have an impact on tumor
behavior and thus influence disease outcome. Previous studies on
other tumors have pointed out several ratios were correlated with
tumor prognosis, including neutrophil to lymphocyte ratio (NLR),
platelet to lymphocyte (PLR), and monocyte to lymphocyte
(MLR), etc.[18,19] Thus, our study recruited 55 patients diagnosed
with RMS at West China Hospital, Sichuan University from
January 2010 to December 2018 to identify the correlation
between these important blood and biochemical parameters.
2. Methods

2.1. Patient selection

In order to recruit as many patients as we could, we
retrospectively analyzed the clinical records of 87 patients
diagnosed with RMS and treated at West China Hospital,
Sichuan University between January 2010 and December 2018.
Strict inclusion and exclusion criteria were subsequently
proposed to limit the heterogeneity of patients. Three inves-
tigators were assigned to carefully analyze patients’ clinical
records to meet the set inclusion and exclusion criteria. The
inclusion criteria included: having at least 1 surgery; the surgical
records as well as the pathological records could be traced
whether at West China Hospital, Sichuan University or at other
hospitals; patients with pathologically diagnosed evidence. The
main exclusion criteria included: having surgeries elsewhere and
surgical records were not able to be collected; patients who did
not receive surgery; patients with incomplete follow-up so that
their living status could not be determined. After a strict selection
process, a total of 55 patients were enrolled into this study. All the
2

55 patients were from China, with 35 men and 20 women. Our
study strictly conformed to the Declaration of Helsinki (2013) of
the World Medical Association. Our study was approved by the
Ethics Committee of West China Hospital, Sichuan University.
The authors had no access to information that could identify
individual participants during or after data collection

2.2. Clinical data collection

After defining the exact number of patients to be recruited, we
collected the parameters from the clinical records system. In
general, the baseline characteristics of the patients (age, sex, etc),
the features of the tumor, the information concerning the surgery,
the results of important clinical blood and biochemical tests were
extracted. The T-stage, N-stage, M-stage, TNM-stage by AJCC
(American Joint Committee on Cancers) were extracted to reflect
the features of the tumors. The date, pathway of surgery, whether
there was a combined chemotherapy, radiotherapy, adjuvant
therapy, biochemical therapy, and immunotherapy were
extracted to reflect the treatment options. The values of alanine
aminotransferase (ALT), aspartate transferase (AST), LDH,
alkaline phosphatase (ALP), neutrophil count, platelet count,
lymphocyte count, monocyte count, hemoglobin, albumin of the
last examination before the surgery were collected.

2.3. Postoperative follow-up

Since discharge, we conducted a long-term follow-up for 8 years at
most by phone call. The follow-up was performed to every patient
each month. The follow-up collected the patient’s general
condition, postoperative recovery, tests’ results during reexamina-
tion in hospitals, suspected symptoms, life quality, etc. Subse-
quently, we determined the date of progression and date of death.

2.4. Statistical analysis

We calculated the OS and PFS according to the date of diagnosis,
date of progression, and date of death. The OS and PFS were
recorded by months. Then we generated a receiver operating
characteristic (ROC) curve based on survival data andNLR, PLR,
MLR, LDH, and ALP values to determine a cut-off point for these
parameters. Then we applied the Kaplan–Meier method and the
log-rank test to come up with the survival curves by both OS and
PFS. We subsequently compared the differences in survival data
between groups. Finally, we used cox proportional hazards
regression to calculate the hazard ratios (HRs) bymultivariate and
univariate analyses respectively to look for potential validated
indicators. We also did a Chi-squared-analysis to determine the
heterogeneity ofNLR, PLR, andMLRvalues in subgroups divided
by age, sex,T-stage,N-stage,M-stage,TNM-stage byAJCC,ALT,
AST, LDH, ALP, neutrophil count, platelet count, lymphocyte
count, monocyte count, hemoglobin value, and albumin value.
The results were all standardly presented as mean±SEM, P-

value was considered statistically significant when P< .05. We
then evaluated their clinical significance according to specific
circumstances. All data analyses were performed using SPSS22.0
(IBM, the USA).

3. Results

3.1. Patients characteristics

We finally recruited 55 patients diagnosed with RMS and had at
least 1 surgery atWest China Hospital, Sichuan University. In the
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55 patients, 35 were men and 20 were women. Among them, 39
patients were under 30 years old and 16 were over 30 years old.
In T-stage classification, 26 patients were stage T1a or T1b; 23
patients were stage T2a or T2b, and only 6 patients were stage T3.
In N-stage classification, 27 patients were stage N0 indicating no
lymph node metastasis and 28 patients were stage N1. InM-stage
analysis, 34 patients were M0 indicating no distant metastasis
and 21 patients wereM1. In AJCC classification, 12 patients were
determined as stage Ia or Ib; 13 patients were determined as stage
IIa or IIb; 12 patients were stage III; and 17 patients were IV. The
detailed information of the patients recruited were shown in
Table 1.
The mean of NLR, PLR, and LMR of non-survival group were

4.12, 192.30, and 3.25 respectively. The standard deviation (SD)
of NLR, PLR, and LMR of non-survival group were 2.84,
108.81, and 1.55 respectively. Themean of NLR, PLR, and LMR
of survival group were 2.82, 139.10, and 5.23 respectively. The
SD of NLR, PLR, and LMR of survival group were 3.12, 95.39,
and 5.23 respectively. The mean of NLR, PLR, and LMR of
progression-free group were 3.33, 154.78, and 4.84 respectively.
The SD of NLR, PLR, and LMR of progression-free group were
3.92, 112.06, and 2.74 respectively. The mean of NLR, PLR, and
LMR of progression group were 3.33, 154.78, and 4.84
Table 1

Baseline characteristics and preoperative values of clinical examina

NLR

N=55 Total n (valid percentage) <2.843 >2.843

Age < 30 39 24 15
≥30 16 12 4

Gender Male 35 24 11
Female 20 12 8

T 1a, 1b 26 18 8
2a, 2b 23 14 9
3 6 4 2

N 0 27 19 8
1 28 17 11

M 0 34 23 11
1 21 13 8

TNM-stage Ia, Ib 12 9 3
IIa, IIb 13 9 4
III 9 6 3
IV 21 12 9

ALT �40 41 29 12
>40 14 7 7

AST �40 44 30 14
>40 11 6 5

LDH �245 41 26 15
>245 14 10 4

ALP �110 32 17 15
>110 23 19 4

Neutrophil cell count �7.5 46 35 11
>7.5 9 1 8

Platelet count �300 40 28 12
>300 15 8 7

Lymphocyte count �4 50 32 18
>4 5 4 1

Monocyte count �0.8 48 33 15
>0.8 7 3 4

Hemoglobin �150 47 29 18
>150 8 7 1

Albumin �55 39 22 17
>55 16 14 2

3

respectively. The SD of NLR, PLR, and LMR of progression
group were 3.92, 112.06, and 2.74 respectively.
In Chi-squared analysis, heterogeneity of NLR between

subgroups was not influenced by age (P= .808), sex (P= .520),
T-stage (P= .826), N-stage (P= .452), M-stage (P= .663), TNM-
stage by AJCC (P= .829), ALT (P= .159), AST (P= .395), LDH
(P= .586), platelet count (P= .247), lymphocyte count (P= .473),
monocyte count (P= .178), and hemoglobin (P= .156). Hetero-
geneity of NLR between subgroups was influenced by ALP
(P= .023), neutrophil count (P< .001), and albumin value
(P= .028). Heterogeneity of PLR was not affected by age
(P= .123), sex (P= .218), T-stage (P= .826), N-stage (P= .853),
M-stage (P= .109), TNM-stage by AJCC (P= .085), ALT
(P= .449), AST (P= .119), LDH (P= .449, ALP (P= .263),
neutrophil count (P= .495), platelet count (P= .247), lymphocyte
count (P= .088), monocyte count (P= .722), and albumin value
(P= .115). Heterogeneity of PLR was affected by hemoglobin
(P= .026).Meanwhile, MLR heterogeneity was not influenced by
age (P= .303), sex (P= .959), T-stage (P= .612), N-stage (P
= .076), M-stage (P= .171), TNM-stage by AJCC (P= .113),
ALT (P= .692), AST (P= .498), LDH (P= .692), ALP (P= .058),
neutrophil count (P= .162), platelet count (P= .912), lymphocyte
count (P= .231), monocyte count (P= .140), and hemoglobin
tions.

PLR MLR

P <162.96 >162.96 P <0.239 >0.239 P

P= .808 28 11 P= .123 23 16 P= .303
8 8 7 9

P= .520 25 10 P= .218 19 16 P= .959
11 9 11 9

P= .826 18 8 P= .826 16 10 P= .612
14 9 11 12
4 2 3 3

P= .452 18 9 P= .853 18 9 P= .076
18 10 12 16

P= .663 25 9 P= .109 21 13 P= .171
9 10 13 12

P= .812 9 3 P= .088 8 4 P= .109
9 4 10 3
8 1 5 4
9 12 8 13

P= .159 28 13 P= .449 23 18 P= .692
13 6 7 7

P= .395 31 13 P= .119 25 19 P= .498
5 6 5 6

P= .586 28 13 P= .449 23 18 P= .692
8 6 7 7

P= .023 19 13 P= .263 14 18 P= .058
17 6 16 7

P< .001 31 15 P= .495 27 19 P= .162
5 4 3 6

P= .247 28 12 P= .247 22 18 P= .912
8 7 8 7

P= .473 31 19 P= .088 26 24 P= .231
5 0 4 1

P= .178 31 17 P= .722 28 20 P= .140
5 2 2 5

P= .156 28 19 P= .026 23 24 P= .043
8 0 7 1

P= .028 23 16 P= .115 18 21 P= .051
13 3 12 4

http://www.md-journal.com


Figure 1. (A). Overall survival of NLR�2.843 and NLR>2.843 group (36 and 19 patients, respectively). (B). Overall survival of PLR�162.961 and PLR>162.961
group (36 and 19 patients, respectively). (C). Overall survival of MLR �0.293 and MLR >0.293 group (30 and 25 patients, respectively).
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(P= .051). MLR heterogeneity was affected by hemoglobin
(P= .043).
3.2. ROC analysis

In order to examine the proper cut-off values of NLR, PLR,MLR,
LDH, and ALP, the exact values of NLR, PLR, MLR, LDH, and
ALPand the living statuswere incorporated inorder togenerate the
ROC curves. During the process, we deemed the cancer related
deaths as the end point. Statistically, the area under curve (AUC) of
NLR,PLR,MLR,LDH,andALPwere0.608, 0.620,0.626, 0.591,
and 0.518. We found the AUCs of NLR, PLR, MLR, LDH, and
ALP were all over 0.5, therefore theoretically, they could serve as
satisfactory potential biomarkers. However, the AUCs of LDH
and ALP were just above 0.5, thus we did not treat these 2
parametersaspotential biomarkers toavoidunconsciousmistakes.
Subsequently, the appropriate cut-off values were calculated,
which were 2.843, 162.961, 0.239 for NLR, PLR, and MLR
respectively according to the maximum specificity and sensitivity.
3.3. Prognostic indicator analysis

After confirming the optimal cut-off values of NLR, PLR, and
MLR, we generated Kaplan–Meier curve for both OS and PFS.
4

The Kaplan–Meier curves of NLR (�2.843, >2.843), PLR
(�162.961,>162.961), andMLR (�0.239,>0.239) for OSwere
shown in Fig. 1A–C. Accordingly, we calculated statistical P
values which reflected the statistical differences of OS between
subgroups, which were .005, .005, and .007 for NLR, PLR, and
MLR respectively. In other words, subgroups with different
values of NLR, PLR, and MLR led to a statistically distinct OS.
Therefore, to some extent, NLR, PLR, and MLR could serve as
potential biomarkers for the prediction of OS and general
postoperative performance.
With the same means, the Kaplan–Meier curves of NLR

(�2.843, >2.843), PLR (�162.961, >162.961), and MLR
(�0.239, >0.239) for PFS were also generated and shown in
Fig. 2A–C. Accordingly, we calculated statistical P values which
reflected the differences of PFS between subgroups, which were
.029, .008, and .013 for NLR, PLR, and MLR respectively. In
other words, subgroups with different values of NLR, PLR, and
MLR contributed to a statistically distinct PFS. Hence, NLR,
PLR, and MLR could also serve as promising biomarkers for the
postoperative PFS and general postoperative outcomes.
So, we supposed that preoperative blood indicators including

NLR, PLR, and MLR were satisfactory and efficient factors to
predict prognosis reflected by OS. Meanwhile, we also believed
that preoperative blood indicators including NLR, PLR, and



Figure 2. (A). Progression free survival of NLR �2.843 and NLR >2.843 group (36 and 19 patients, respectively). (B). Progression-free survival of PLR �162.961
and PLR>162.961 group (36 and 19 patients, respectively). (C). Progression-free survival of MLR�0.34 and MLR>0.34 group (30 and 25 patients, respectively).
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MLR were also satisfactory and efficient factors to predict
prognosis reflected by PFS.
3.4. Prognostic values of other parameters

Besides the abovementioned parameters in blood tests, we
speculated that there might be other parameters that could have
an impact on postoperative OS. Therefore, we applied Cox analysis
to calculate the HRs by both multivariate and univariate analytic
methods. The outcomes of the Cox analysis were shown in Table 2.
In univariate analysis, no statistical correlation was found

between age (HR=0.943, P= .920), sex (HR=0.985, P= .978),
TNM-stage by AJCC (HR=1.578, P= .073), ALT (HR=1.090,
P= .884), LDH (HR=1.860, P= .240), APT (HR=1.266,
P= .653), neutrophil count (HR=1.266, P= .653), platelet count
(HR=1.871, P= .263), monocyte count (HR=0.652, P= .682),
hemoglobin (HR=0.771, P= .734), albumin (HR=1.549, P
= .407), and postoperative OS. Statistical association was
determined between WBC count (HR=3.269, P= .035), NLR
(HR=4.017, P= .009), PLR (HR=4.156, P= .010),MLR (HR=
4.106, P= .012), and postoperative OS.
In multivariate analysis, no statistical correlation was found

between age (HR=2.107, P= .481), sex (HR=0.403, P= .298),
5

TNM-stage by AJCC (HR=1.911, P= .198), ALT (HR=0.112,
P= .127), AST (HR=0.677, P= .737), LDH (HR=2.741,
P= .311), APT (HR=15.393, P= .081), platelet count (HR=
0.900, P= .918),WBC count (HR=0.334, P= .502), hemoglobin
(HR=5.911, P= .280), NLR (HR=11.729, P= .134), PLR
(HR=2.235, P= .420), and postoperative OS. Statistical associ-
ation was determined between neutrophil count (HR=66.710,
P= .008), monocyte count (HR=0.023, P= .016), albumin
(HR=9.043, P= .037), MLR (HR=11.218, P= .019), and
postoperative OS.
4. Discussion

RMS is the most common soft tissue sarcoma among children,
having a great impact on childhood development. With the
development of diagnostic and treatment technologies, several
brand-new options have been put forward for the long-term and
whole-length management of RMS. These emerging technologies
included combined chemotherapy, radiotherapy, adjuvant ther-
apy, molecular therapy, biotherapy, and immunotherapy as well
as separated ones. Despite the advancement of these assistant
therapies, surgery still remains the best first-line treatment for
early diagnosed RMS and in patients with low- or medium-stage

http://www.md-journal.com


Table 2

Influence of age, gender, TNM-stage, ALT, AST, LDH, APT, neutrophil count, platelet count, WBC count, monocyte count, hemoglobin,
albumin, NLR, PLR, MLR on overall survival by univariate and multivariate analysis.

Univariate analysis Multivariate analysis

Variables Parameter HR (95% CI) P value HR (95% CI) P value

Age �30 1.00 1.00
>30 0.943 (0.298–2.982) .920 2.107 (0.265–16.715) .481

Gender Female 1.00 1.00
Male 0.985 (0.335–2.898) .978 0.403 (0.073–2.235) .298

TNM-stage Ia, Ib 1.00 1.00
IIa, IIb
III
IV 1.578 (0.958–2.599) .073 1.911 (0.712–5.126) .198

ALT �40 1.00 1.00
>40 1.090 (0.346–3.431) .884 0.112 (0.007–1.871) .127

AST �40 1.00 1.00
>40 1.948 (0.608–6.242) .261 0.677 (0.070–6.581) .737

LDH �245 1.00 1.00
>245 1.860 (0.660–5.245) .240 2.741 (0.389–19.302) .311

APT �110 1.00 1.00
>110 1.266 (0.452–3.541) .653 15.393 (0.716–330.954) .081

Neutrophil count �7.5 1.00 1.00
>7.5 1.266 (0.452–3.541) .653 66.710 (2.934–1516.896) .008

Platelet count �300 1.00 1.00
>300 1.871 (0.625–5.602) .263 0.900 (0.122–6.661) .918

WBC count �9.5 1.00 1.00
>9.5 3.269 (1.088–9.820) .035 0.334 (0.014–8.207) .502

Monocyte count �0.8 1.00 1.00
>0.8 0.652 (0.085–5.009) .681 0.023 (0.001–0.500) .016

Hemoglobin �150 1.00 1.00
>150 0.771 (0.173–3.438) .734 5.911 (0.236–148.110) .280

Albumin �55 1.00 1.00
>55 1.549 (0.551–4.358) .407 9.043 (1.137–71.912) .037

NLR �2.843 1.00 1.00
>2.843 4.017 (1.415–11.407) .009 11.729 (0.470–292.880) .134

PLR �162.961 1.00 1.00
>162.961 4.156 (1.413–12.228) .010 2.235 (0.295–18.643) .420

MLR �0.239 1.00 1.00
>0.239 4.106 (1.366–12.340) .012 11.218 (1.478–85.112) .019

ALT= alanine aminotransferase, APT= alkaline phosphatase, AST=aspartate aminotransferase, LDH= lactate dehydrogenase, MLR=monocyte to lymphocyte ratio, NLR=neutrophil to lymphocyte ratio,
PLR=platelet to lymphocyte ratio.
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RMS or with RMS limited to a constricted region.[20] Moreover,
new approaches and routes have also been developed in tumors
located at different parts of the body.[11] Therefore, the
contraindications for surgery have decreased over the years.
With this regard, more RMS patients were provided with the
opportunity and possibility of a radical surgery.[21] Hence, it is
emergent to continuously develop the surgical capacity and
innovative surgical approaches as well as to better the
perioperative care and management. This management includes
the choice of aided treatment with surgery and the preoperative
prediction of postoperative outcome and body condition.
Our research recruited 55 pathologically diagnosed RMS

patients and explored the possibility of defining several
preoperative parameters that could have predictive values on
postoperative survival outcome. By this means, our conclusion
made it possible to predict the patients’ status relying on simple
and inexpensive preoperative examination results. By generating
the Kaplan–Meier curves, we found that preoperative NLR, PLR,
and MLR values had the tendency to affect postoperative OS.
The higher the NLR, PLR, and MLR values were, the shorter OS
were more likely to be observed, with a statistically concrete
6

satisfactory P-value of .005, .005, and .007 respectively. In the
meantime, the Kaplan–Meier curves on PFS also showed that
NLR, PLR, and MLR values were likely to predict postoperative
PFS. In detail, a higher NLR, PLR, and MLR value had the
tendency to witness a shorter postoperative PFS with a statistical
P-value of .029, .008, and .013 respectively. Since NLR, PLR,
and MLR can be calculated based on the exact value of
neutrophil count, platelet count, monocyte count, and lympho-
cyte count, it is easy to assess the abovementioned parameters
with high prognostic stability and reliability. Thus, we
recommended that not only values reflected by common blood
routine examination but also the calculation of NLR, PLR, and
MLR should be considered as the routine preoperative
procedures of such patients.
Besides, we used Cox analysis to generate the HRs of

independent preoperative risk factors which were likely to have
the potential to predict the postoperative OS in RMS patients.
Our statistical analysis found that WBC count, NLR value, PLR
value, and MLR value were independent prognostic factors for
RMS patients. Detailed analysis indicated that a higher WBC,
NLR, PLR, and MLR value were more likely to predict a
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statistically shorter OS. On the contrary, in univariate analysis,
age, sex, TNM-stage by AJCC, ALT, AST, LDH, ALP, neutrophil
count, platelet count, monocyte count, hemoglobin count, and
albumin count were not regarded as independent risk factors.
And in multivariate analysis, we found neutrophil count,
monocyte count, albumin value, andMLR value were prognostic
factors for postoperative OS. Specifically, a higher neutrophil
count, albumin and MLR value and a lower monocyte count
contributed to a statistically significant shorter OS. Hence, these
significant preoperative indicators by univariate and multivariate
analysis should also be considered to be done preoperatively as
routine examination.
Inflammatory response has long been correlated with

tumorigenesis and tumor development and the cells and
molecular mediators have also been studied to look for their
roles in inflammatory reaction and subsequent tumor activity.[22]

So far, quite a number of tumors have been proved to have an
inflammatory cell- and molecule-related prognosis manifested by
OS and PFS.[23] In 2016, a team suggested that a comprehensive
role of PLR, NLR, MLR, and tumor size were valuable to predict
the survival status for gastrointestinal stromal tumors.[24] In
2017, some physicians found that NLR value was an independent
preoperative prognostic factor in bladder cancer patients
undergoing transurethral resection.[25] In the same year, another
study confirmed that NLR, MPV, and platelet count were
correlated with postoperative survival.[26] In the meantime, a
couple of animal research and review articles also paid great
attention to similar relationships and the inner mechanism.[27]

Neutrophils, monocytes, and lymphocytes are regarded as
important elements in both the innate and adaptive immune
response, playing a big role in the direct elimination of harmful
substances, the secretion and mediation of chemokines and
molecules, and the cascade activation of a series of cells and
activities.[28,29] Platelets were previously understood as a core
element in blood coagulation and thrombus formation process,
but presently platelets are also considered to release several kinds
of pro-inflammatory or inflammatory molecules which are
essential in the cascade reaction.[30] In other words, besides
coagulation, platelets also interact with various elements in the
immune systems.
Neutrophils are believed to work in the first-line reaction of

innate immune response by direct elimination.[31] Some studies
pointed out neutrophil were able to form a specific tumor micro-
environment by secreting various molecules and activating a
series of cells.[32] Neutrophils are believed to get attracted by
chemicals secreted by tumors and therefore manifest tropism to
tumor regions.[33] After accumulating at tumor sites, the
neutrophils provided suitable growing ground for tumor cells,
thus extending the life span of tumor cells.[34] Moreover,
neutrophils were able to help tumor cells to detach on organs and
tissues and also help tumor cells to disseminate. Platelet and
platelet-related parameters have also been proved to be novel
prognostic indicators.[35] Increasing evidence pointed out
platelets were able to attach on the tumor cells thus forging a
protective sheath around the tumor so that it became relatively
difficult for surveillance cells to detect tumor signals released by
receptors and ligands on the surface of tumor cells.[36] In another
aspect, monocytes were also reported to be engaged in tumor
development. As was reported, monocytes were able to
differentiate into tumor-associated macrophages which mediated
the tumorigenesis and tumor developing process.
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As far as we are concerned, an elevated NLR value refers to
either an elevated neutrophil count or a decreased lymphocyte
count. Since lymphocytes play important roles in immune
elimination and surveillance, both of the conditions will lead
to a more fitting condition for tumorigenesis and tumor
progression. Similarly, an increasing PLR indicates either an
increasing platelet count or a diminished lymphocytes count.
These conditions are also preferable for tumorigenesis and tumor
progression. Equally, an elevated MLR reflected an elevated
monocyte count or a decreased lymphocyte count, which still
contributed to tumor development.
To the best of our knowledge, this is the first study to

investigate the predictive values of several preoperative blood and
biochemical parameters on the prognosis in patients with RMS.
Our study found out that several routine preoperative blood and
biochemical parameters were novel indicators for the prediction
of postoperative OS and PFS, including NLR, PLR, and MLR.
This could help better the perioperative and whole-length
management of RMS patients. Moreover, our results could
remind researchers who investigate the inner mechanisms of the
inflammatory cells in tumors alike.
Nevertheless, we did acknowledge that there were several

shortcomings in our study. Firstly, we recruited a rather small
number of patients, which might have contributed to uncon-
scious bias. Secondly, our research was only a single-center study,
most patients we included were southwest inhabitants in China.
Therefore, we believe studies recruiting larger number of patients
especially patients from different regions would be more
convincing to verify the prognostic role of such parameters.

5. Conclusion

NLR, PLR, and MLR are novel prognostic factors in RMS
patients. To be specific, a higher NLR, PLR, and MLR value are
likely to predict a statistically shorter OS and PFS. At the same
time, WBC count, NLR, PLR, MLR, neutrophil count, monocyte
count, albumin and MLR are also associated with the long-term
survival outcome.
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