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Purpose: Preoperative diagnosis of uterine leiomyosarcoma (LMS) is challenging because
the disease can mimic benign leiomyoma (LM). The objective of the present study was to
investigate the role of preoperative clinical characteristics and hematologic parameters to
differentiate uterine LMS and LM.

Methods: Preoperative clinical and laboratory variables were reviewed retrospectively in
patients with LMS or LM, and the significances of intergroup differences were assessed.
Receiver operating characteristic (ROC) curves were used to determine optimal cut-off
values for each variable. Logistic regression analysis was applied to identify variables
predicting the presence of LMS.

Results: The preoperative clinical and laboratory variables of 336 patients with uterine
tumor were analyzed. Seventy-nine patients had LMS and 257 had LM. A significant
difference was observed between LMS and LM in terms of the median value of age at
diagnosis, menopausal status, white blood cell (WBC) count, absolute neutrophil count
(ANC), C-reactive protein (CRP),
lymphocyte ratio (NLR) (all P < 0.001). Multivariate analyses showed that menopausal
status (odds ratio [OR] = 3.40, P=0.002), WBC count (OR = 2.09, P = 0.012), ANC (OR =
3.17, P < 0.001), CRP (OR = 21.74, P < 0.001), LDH (OR = 10.77, P < 0.001), and NLR
(OR = 2.58, P =0.001) predicted the presence of LMS.

Conclusion: Our results suggest that in older or postmenopausal patients, high WBC count,
ANC, CRP, LDH, and NLR could be useful biomarkers for the differentiation of LMS and
LM, which indicate that serum markers might be useful, cost-effective, and broadly available
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Introduction
Uterine leiomyoma (LM) is a common gynecologic benign disease that affects 40-60% of
all reproductive women, whereas uterine sarcoma is not commonly encountered.
Leiomyosarcoma (LMS) is the most common type of uterine sarcoma, accounts for 1—
2% of all uterine malignancies, and has a dismal prognosis.' Furthermore, the risk of LMS
in women with presumed LM is low but not negligible. Several studies have reported the
prevalence of unexpected sarcoma in women undergoing hysterectomy for presumed
benign LM ranges up to 0.49%.?

Preoperative diagnosis of uterine LMS is challenging because the disease can
mimic benign LM. Differentiation of LMS and LM is required: 1) to prevent
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inadequate surgical procedures and uterine injury caused
by myomectomy or power morcellation during minimally
invasive hysterectomy, and 2) to prevent diagnostic delays
due to misdiagnosis and facilitate prompt treatment. This
differentiation is also important when choosing fertility-
preserving alternatives to hysterectomy, such as uterine
artery embolization. Another important clinical issue
encountered in daily practice is presumed LM with degen-
erative changes suspicious of LMS in patients referred
from primary gynecologic clinics due to unusual sono-
graphic appearances. In such cases, accurate differential
diagnosis and correct answers are essential.

However, no known preoperative diagnostic test can
reliably predict uterine LMS, although various tools have
been suggested. Some clinical studies have reported that
age, menopausal status, clinical presentation, tumor size,
and body mass index might be helpful, but these vari-
ables do not enable diagnosis with certainty.>* Hence,
more objective, easier, simpler tests are needed. Tumor
necrosis and hemorrhage are characteristic findings of
LMS, and tumor necrosis has been suggested to be asso-
ciated with local inflammation,! which suggests serum
markers may reflect these associated conditions.
Previously, our group reported that systemic inflamma-
tory markers might serve as prognostic factors in ovarian
and endometrial cancer and that cervical intraepithelial
neoplasia has a diagnostic role in epithelial ovarian can-
cer (EOC).>"? Other researchers have also reported that
systemic inflammatory markers have prognostic and
diagnostic values in various malignancies.'™'" However,
the values of preoperative hematological parameters for
the differentiation of LMS and LM have not been fully
determined.

Thus, the aim of this study was to investigate the
diagnostic values of preoperative clinical characteristics
and hematological parameters in patients with uter-

ine LMS.

Materials and Methods
Subjects

We retrospectively reviewed the clinical records of 336
patients who had underwent surgical resection for a uterine
tumor at the gynecologic oncologic centers of four parti-
cipating institutions between July 2005 and August 2019.
Patients with either uterine LM or LMS were eligible for
inclusion in the study. Patients with uterine LM or LMS
were eligible for inclusion. However, patients with any

gynecologic inflammatory condition (eg, adenomyosis or
endometriosis) or non-gynecologic comorbid diseases (eg,
liver or heart diseases, or other malignant tumors) were
excluded because of possible influences on laboratory test
results. Clinical and preoperative blood test variables were
subjected to analysis. All microscope slides were reviewed
by an experienced gynecologic pathologist (KU Choi) to
ensure consistency. This study was conducted in accor-
described
Declaration of Helsinki and was approved by the
Institutional Review Board (IRB) of Pusan National
University Hospital and written informed consent was

dance with the ethical standards in the

waived because of the retrospective nature of this study.
Data with
confidentiality.

were  anonymized and  maintained

Data Extraction

Patient ages, body weights, body mass index (BMI), over-
weight (>23kg/m?), and tumor size at the time of surgery
were retrieved from medical records. The study population
was stratified into normal body weight (BMI: 18.5—
22.9 kg/m?) and overweight or obese (BMI > 23 kg/m?)
according to body mass index (BMI) categories suggested
by the World Health Organization for the Asian popula-
tion. Laboratory tests included: white blood cell (WBC),
platelet, absolute neutrophil (ANC), absolute lymphocyte
(ALC), and absolute monocyte (AMC) counts, hemoglo-
bin (Hb) concentration, mean corpuscular volume (MCV),
red cell distribution width (RDW), mean platelet volume
(MPV), platelet distribution width (PDW), C-reactive pro-
tein (CRP), lactate dehydrogenase (LDH), and cancer anti-
gen 125 (CA125).

Laboratory tests were performed within 1 to 2 weeks
prior to surgery. Quality control criteria and reference
ranges adopted at the different institutions were taken
into consideration while collecting laboratory results.
Variables such as NLR, platelet-to-lymphocyte ratio
(PLR), lymphocyte-to-monocyte ratio (LMR), and mono-
cyte-to-lymphocyte ratio (MLR) were calculated by divid-
ing ANC by ALC, platelet count by ALC, ALC by AMC,
and AMC by ALC, respectively. ROC curve analysis was
used to obtain optimal cut-off values for each variable and
their derived indices for the differentiation of uterine LMS
and LM.

Statistical Analysis
The Mann—Whitney-U test was used to compare median
values of the LMS and LM groups, and the Kruskal-

5002 "

Dove!

Cancer Management and Research 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove

Suh et al

Table | Clinical Features and Laboratory Values Between Uterine Leiomyosarcoma and Leiomyoma

Pre - & Postmenopause LMS, Median (IQR) (n=79) LM, Median (IQR) (n=257) P-value
Age (years) 54 44 < 0.001
Postmenopause (%) 46 (58.2) 41 (16.0) < 0.001
BMI (kg/m?) 24.65 23.72 0.145
Overweight(223kg/m?) 49 (62.0%) 142 (55.5%) 0.369
WBC (per pL) 6690.0 5805.0 < 0.001
ANC (per pL) 4314.1 3387.6 < 0.001
CRP (mg/dL) 1.00 0.04 < 0.001
LDH (U/L) 425.0 185.5 < 0.001
NLR 236 1.91 < 0.001
Premenopause LMS, Median (IQR) (n=33) LM, Median (IQR) (n=216) P-value
BMI (kg/m?) 23.98 2353 0.438
Overweight(=23kg/m?) 20 (60.6) 116 (54.0) 0.598
WBC (per pL) 6230.0 5770.0 0.141
ANC (per pL) 3970.7 3388.9 0.092
CRP (mg/dL) 0.69 0.04 0.005
LDH (U/L) 387.5 175.0 <0.001
NLR 2.30 1.95 0.089

Note: P-values for comparisons of medians were obtained using the Mann—Whitney-U test.
Abbreviations: LMS, uterine leiomyosarcoma; LM, uterine leiomyoma; IQR, interquartile range; WBC, white blood cell; ANC, absolute neutrophil count; CRP, C-reactive

protein; LDH, lactate dehydrogenase; NLR, neutrophil-lymphocyte ratio.

Wallis test was used to compare median values of three
groups. The initial set of variables included in the logis-
tic regression analysis were as follows: age at diagnosis,
WBC count, Hb concentration, platelet count, CA125
level, NLR, PLR, LMR, and MLR. Variables such as
age at diagnosis, WBC count, Hb concentration, platelet
count, and CA125 level were dichotomized using pre-
defined cut-off values. However, the optimal cut-off
points of NLR, PLR, LMR, and MLR for predicting
the presence of LMS were determined by receiver oper-
ating characteristic (ROC) curve analysis. Logistic
regression analysis was used to identify variables pre-
dictive of the presence of LMS. Multivariate analysis
was conducted using variables that reached significance
in the univariate analysis and used to calculate odds
ratios (ORs) and 95% confidence intervals (ClIs). The
analysis was performed using R (ver. 3.6.2) software
and statistical significance was accepted for P values of
<0.05 throughout.

Results
Seventy-nine patients had uterine LMS and 257 patients LM.
All cases were confirmed pathologically using surgical speci-
mens. Clinical features and laboratory values for these two
groups are listed in Tables 1 and 2. LMS patients were
matched to LM patients who underwent hysterectomy or
myomectomy during the same period. Patients with LM
were also divided into LM with degeneration (92 cases) and
LM without degeneration (165 cases) subgroups for compara-
tive analysis (Table 2) because differentiation of uterine LMS
from degenerated leiomyoma is an important clinical issue.
Significant differences were observed between the LMS
and LM groups for the following variables: age at diagnosis,
menopausal status, WBC count, ANC, CRP, LDH, and NLR
(all P<0.001) (Table 1). Median patient ages in the LMS and
LM groups were 54 (range, 45-61 years) and 44 years (39—
49 years), respectively, and the proportions of postmenopau-
sal women were 58.2% and 16.0%, respectively. In the LMS
group, median WBC count, ANC, CRP, LDH, and NLR were
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Table 2 Clinical Features and Laboratory Values Between Uterine Leiomyosarcoma, Leiomyoma with Degeneration, and Leiomyoma

Without Degeneration

LMS, Median (IQR) (n=79) LM, Median (IQR) P-value
With Degeneration (n=92) | Without Degeneration (n=165)

Age (years) 54* 44° 44° < 0.001
Postmenopause (%) 46 (58.2)° 9 (9.9)° 32 (19.4)° < 0.001
BMI (kg/m?) 24.65 22.85 23.96 0.055
Overweight(223kg/m?) 49 (62.0%) 44 (48.4%) 98 (59.4%) 0.144
WBC (per pL) 6690.0° 6190.0* 5620.0° < 0.001
ANC (per pL) 4314.1° 3701.6° 3283.5° < 0.001
CRP (mg/dL) 1.00* 0.04° 0.04° < 0.001
LDH (U/L) 425.0° 196.5° 166.0° < 0.001
NLR 2.36 2.00° 1.90° < 0.001

Notes: “°Medians with the same letter (superscript a, b) are not significantly different; P-values for comparisons of medians were obtained using the Kruskal-Wallis test;
A post-hoc test (Bonferroni) was applied with pairwise comparison between medians.

Abbreviations: LMS, uterine leiomyosarcoma; LM, uterine leiomyoma; IQR, interquartile range; WBC, white blood cell; ANC, absolute neutrophil count; CRP, C-reactive

protein; LDH, lactate dehydrogenase; NLR, neutrophil-lymphocyte ratio.

6690/uL  (5740-8280/uL), 4314 puL (3495-5438/uL),
1.00 mg/dL (0.28-2.46 mg/dL), 425.0 TU/L (248.0-628.5
IU/L), and 2.36 (1.84-3.84), respectively, and corresponding
values in the LM group were 5805/uL (4790-7282/uL),
3387/uL (2663-4471/uL), 0.04 mg/dL (0.02-0.12 mg/dL),
185.5 TU/L (161265 TU/L), and 1.91 (1.41-2.67), respec-
tively. Significant differences were not observed between the
LMS and LM groups for the following variables: body
weight, BMI, overweight status (>23kg/m?), and tumor size
(Table 1, Supplementary Table 1). We further analyzed our

data especially in premenopausal women, and our dataset
appeared to be heavily unbalanced: 216 cases of LM versus
33 cases of LMS were reported. CRP and LDH showed
significant differences between the LMS and LM groups
(Table 1).

Significant differences were observed between the
above-mentioned variables in the LMS group and the
LM with or without degeneration subgroups (all P <
0.001) (Table 2). After applying the Bonferroni correction,
no significant differences were observed between these
three groups in terms of age at diagnosis, menopausal
status, ANC, CRP, LDH, or NLR (except for WBC
count). However, significant differences between LMS
and LM with or without degeneration were noted in
terms of age at diagnosis, menopausal status, WBC
count, ANC, CRP, LDH, and NLR.

Optimal thresholds, as determined by receiver operating
characteristic (ROC) curve analysis, for age at diagnosis,
WBC count, ANC, CRP, LDH, and NLR were; 49.5, 5940,
3404, 0.195, 339.5, and 2.157, respectively (Table 3). AUC,
sensitivity, specificity, and P-value of each variable were
shown (Table 4, Table 5). Optimal cut-off points as deter-
mined by ROC curve analyses for PLR, LMR, and MLR
were; 193.6 (AUC=0.521; sensitivity 0.427, specificity
0.695), 3.344 (AUC=0.532; sensitivity 0.338, specificity
0.801), and 0.299 (AUC=0.532; sensitivity 0.338, specificity
0.801), respectively (Figure 1, Supplementary Figure 1).

The following variables were found to be significantly
associated with LMS by univariate logistic regression
analyses: age at diagnosis, menopausal status, WBC
count, ANC, CRP, LDH, and NLR (all P < 0.001). Older
or postmenopausal patients with a high WBC count, high
ANC, high serum CRP, high serum LDH, and high NLR
were more likely to be diagnosed with LMS. Multivariate
logistic regression analyses showed postmenopausal status
(OR=3.40, 95% confidence interval [CI]=1.54-7.49,
P=0.002), high WBC count (OR=2.09, 95% CI=1.18-
3.73, P=0.012), high ANC (OR=3.17, 95% CI=1.68-
6.02, P<0.001), high CRP (OR=21.74, 95% CI=5.59-
84.62, P<0.001), high LDH (OR=10.77, 95% CI=4.50-
25.76, P<0.001), and high NLR (OR=2.58, 95%
CI=1.44-4.60, P=0.001) independently predicted the pre-
sence of LMS (Table 3).
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Table 3 Univariate and Multivariate Analyses for the Discrimination of Variables That Predict Uterine Leiomyosarcoma
Univariate Multivariate
OR (95% CI) P value OR (95% CI) P value

Age (years) (<50 vs 250) 5.46 [3.18, 9.38] <0.001 Adjusted Adjusted

Menopause (%) (post vs pre) 7.31 [4.18, 12.77] <0.001 3.40 [1.54, 7.49] 0.002

WBC (per pl) (5940 vs >5940) | 2.72 [1.59, 4.67] <0.001 2.09 [1.18, 3.73] 0.012

ANC (per pl) (3404 vs >3404) 3.74 [2.04, 6.85] <0.001 3.17 [1.68, 6.02] <0.001

CRP (mg/dL) (<0.195 vs >0.195) 29.50 [8.05, 108.10] <0.001 21.74 [5.59, 84.62] <0.001

LDH (U/L) (£339.5 vs >339.5) 10.27 [4.45, 23.70] <0.001 10.77 [4.50, 25.76] <0.001

NLR (£2.157 vs >2.157) 2.81 [1.64, 4.80] <0.001 2.58 [1.44, 4.60] 0.001

Note: Results of multiple logistic regression with variables show a P-value less than 0.05 in univariate regression; Multivariate model is adjusted for age.
Abbreviations: OR, odds ratio; Cl, confidence interval; WBC, white blood cell; ANC, absolute neutrophil count; CRP, C-reactive protein; LDH, lactate dehydrogenase;

NLR, neutrophil-lymphocyte ratio.

Table 4 Predictive Efficacy of Clinical Characteristics and Laboratory Data

AUC 95% CI Sensitivity Specificity LR+ LR- PPV NPV P-value
Age (years) 0.756 0.694-0.817 0,646 0.750 2.584 0.137 0.443 0.873 <0.001
WABC (per ulL) 0.652 0.583-0.720 0.696 0.543 1.523 0.200 0.320 0.853 <0.001
ANC 0.669 0.601-0.737 0.784 0.508 1.593 0.136 0315 0.890 <0.001
CRP 0.878 0.818-0.939 0.857 0.831 5.071 0.028 0.429 0.975 <0.001
LDH 0.846 0.746-0.945 0.667 0.900 6.670 0.050 0.818 0.800 <0.001
NLR 0.645 0.575-0.715 0.635 0.617 1.658 0.220 0.324 0.854 <0.001
NLR+LDH 0.863 0.746-0.945 0.667 0.900 6.670 0.050 0.818 0.800 0.049
NLR+LDH+Age 0.864 0.761-0.955 0.926 0.700 3.087 0.024 0.676 0.933 0.049

Abbreviations: AUC, area under curve; Cl, confidence interval; WBC, white blood cell; ANC, absolute neutrophil count; CRP, C-reactive protein; LDH, lactate
dehydrogenase; NLR, neutrophil-lymphocyte ratio; LR+, Positive likelihood ratio; LR-, Negative likelihood ratio; PPV, positive predictive value; NPV, negative predictive value.

Among the values for each combination markers, NLR
+LDH and NLR+LDH+Age were found to have AUC=0.845,
sensitivity 0.667, specificity 0.900 and AUC=0.858, sensitiv-
ity 0.926, specificity 0.700, respectively (Table 4).

Discussion

Although previous studies have reported that various tools
might differentiate LMS and LM, results are debatable,
and no evidence has been presented that any tool can
distinguish LMS from benign LM. In this study, univariate
and multivariate logistic regression analyses showed that
age at diagnosis >50 years old, postmenopausal status,
WBC > 5940 (/uL), ANC > 3404 (/uL), CRP > 0.195
(mg/dL), LDH > 339.5 (U/L), and NLR > 2.157 signifi-
cantly predicted the presence of LMS.

LMS is often incidentally confirmed following initial
surgery performed under the presumption of LM, and
many cases of uterine LMS are often initially managed
conservatively without hysterectomy based on this pre-
sumption. As has been previously recommended, physi-
cians should provide patients with more information about
uterine sarcoma risks when recommending hysterectomy

% as inadequate surgical procedures,

for benign disease,’
especially those involving uterine injury such as myomect-
omy or morcellation, during minimally invasive surgery
worsen prognoses. When LMSs are misdiagnosed as
benign lesions, delayed diagnosis and inadequate treat-
ment will inevitably be followed by poorer prognoses.
Given the aggressive nature of LMS, early detection

strategies have been the focus of several recently
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Figure | Receiver operating characteristic (ROC) curves for (A) age at diagnosis, (B) WBC count, (C) absolute neutrophil count (ANC), (D) C-reactive protein (CRP), (E)
lactate dehydrogenase (LDH), (F) neutrophil-to-lymphocyte ratio (NLR), (G) LDH+NLR, and (H) LDH+NLR+Age.

Cancer Management and Research 2021:13

5007

Dove:


https://www.dovepress.com
https://www.dovepress.com

Suh et al

Dove

published studies."® Currently, no reliable diagnostic tool
is available for differentiating uterine LMS and LM prior
to surgery. In a Norwegian cohort study, approximately
54% of uterine LMS cases were not identified before
surgery,'* which adequately demonstrates a reliable pre-
operative tool is urgently needed to choose the correct
surgical pathway and ensure oncological safety.

Clinical presentations of, for example, abnormal uterine
bleeding, abdominal pain, and rapid tumor growth, encou-
rage suspicions of LMS, but these manifestations can also
occur in patients with LM. A preoperative LMS risk scoring
system based on sonography findings and basic clinical char-
acteristics has been reported,'® and the authors recommended
the adoption of stepwise diagnostic procedures, such as
endometrial biopsy, serum LDH, Doppler sonography, or
MRI in patients at perceived risk of LMS.

The prevalence of LMS increases with age and rates of
LMS at surgery for presumed LM have been reported for
different age groups. In women under 40 years, between
40 and 49 years, and over 49 years old, reported preva-
lence of occult LMS were 0%, 0.15%, and 1.2%,
respectively,'® which suggests that age may be significant.
Previous studies have also reported that an age of > 40 or

S,*!7 and our find-

> 45 years independently predicted LM
ings concur with these reports. In the present study,
patients in LMS group were older than those in the LM
group (54 vs 44 years old, P < 0.001), and an age of > 50
years independently predicted the presence of LMS
(Table 3). Similarly, menopausal status has also been
reported to be associated with LMS.'"® Multinu et al
showed that the rates of unexpected LMS during surgery
for LM among premenopausal and peri/postmenopausal
women were 0.35% and 0.57%, respectively.'” In our
study, the LMS group had a higher percentage of postme-
nopausal women (58.2% vs 16.0%, p < 0.001).
Frequently, LMS cannot be distinguished from LM using
clinical criteria alone. Although diverse imaging modalities,
such as Doppler sonography, MRI, and positron emission
tomography have been recently suggested as ancillary diag-
nostic aids for LMS, their preoperative predictive roles remain
unclear.'*?® Furthermore, these diagnostic tools cannot be
applied to all patients with a uterine tumor when differentia-
tion is required because of their costs and limited accessibil-
ities. No radiographic criteria have been identified that enable
definitive differentiation.?' Ultrasonography is a commonly
used first imaging modality in gynecology, but its diagnostic
role is limited by the similar sonographic appearances of LM
and LMS.** Of these imaging modalities, recent studies have

shown that some MRI features may allow the differentiation of
LMS and LM.?? The characteristics of LMS on MR images
include margins and shapes, signal intensities in T1 and T2-
weighted images, enhancement in gadolinium contrast-
enhanced images, and apparent diffusion coefficient (ADC)
values. Nonetheless, despite current imaging advances, con-
fident diagnosis of LMS remains challenging because the
appearance of LMS in MR images is variable and the images
features of degenerated leiomyoma and overlap.' In this
retrospective analysis, the diagnostic role of MRI was not
assessed because it was not performed in most of the study
subjects.

Studies on associations between laboratory variables and
the preoperative differentiation of uterine LMS are lacking.
Some indicators in peripheral blood are known to reflect
inflammatory response in the tumor microenvironment,?®
and CRP is one such systemic inflammatory marker. Tumor
cell necrosis and subsequent inflammation in cancer tissue
may be associated with CRP elevation, and elevated CRP
pretreatment might be a prognostic marker in patients with
soft tissue sarcoma.?* Furthermore, a small number of studies
have suggested that serum CRP might be useful for the pre-
operative differentiation of uterine sarcomas.'> However, its
diagnostic accuracy remains controversial. In the present
study, CRP level in LMS group was significantly higher than
in the LM group (1.00 vs 0.04 mg/dL, P <0.001), and a CRP
level of > 0.195 (mg/dL) independently predicted LMS
(Tables 1 and 3).

LDH has been shown to be useful for diagnosing and
predicting the outcomes of patients with various
malignancies.* This enzyme is involved in the metabolism of
cancer cells and causes these cells to suppress and evade the
immune system by altering tumor microenvironments.?®
Although studies have reported significant differences
between LDH levels in LM and LMS patients,*'>*' the cut-
off values used varied and no LDH value has been defined for
LMS. In these studies, LDH levels of level > 193 U/L, > 279
U/L, and > 300 U/L were reported to independently predict the
presence of uterine sarcoma preoperatively. In the present
study, mean LDH level in the LMS group was higher than in
the LM group (425.0 vs 185.5 U/L, P<0.001) and a level of >
339.5 U/L independently predicted the presence of LMS
(Tables 1 and 3). Recent studies further assessed the role of
LDH isoenzymes in discriminating between benign uterine
masses and sarcomas.”’** LDH isoenzyme levels, especially
LDH3, significantly differed between both conditions and
elevated LDHS/LDH1 ratio was indicative of sarcoma.
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These studies suggested that LDH isoenzymes assessment
may be relevant in preoperative diagnosis of uterine sarcoma.

It is now widely accepted that inflammation and cancer are
closely associated, and increasing evidence indicates chronic
inflammation plays a crucial role in carcinogenesis, tumor
progression, therapeutic response, and clinical outcome,™
which suggests markers of systemic inflammation might pro-
vide useful information regarding the presence of malignancy.
Tumor necrosis and hemorrhage are characteristics of LMS,
and the former is associated with local inflammation,' which
suggests serum markers may reflect these conditions.
Furthermore, some hematological changes, such as reduced
lymphocyte count and increased neutrophil count, are
observed in patients with malignancies, and it has been estab-
lished that neutrophils participate in the link between inflam-
mation and cancer and the creation of a tumor
microenvironment that favors angiogenesis, cancer progres-
sion, and metastasis.”” On the other hand, lymphocytes are
involved in cell-mediated response to tumor infiltration, and
a low lymphocyte count might result in inadequate immune
response, and thus, be associated with unfavorable outcomes. 1
In the present study, lymphocyte counts were similar in LMS
and LM, but WBC and neutrophil counts were higher in LMS
patients (Tables 1 and 3), which is in accord with previous
studies that reported an elevated neutrophil count was asso-
ciated with a preoperative diagnosis of LMS.*'*** The cut-
offs of WBC and ANC in this study are in the normal range.
Systemic inflammatory markers in this study may reflect
underlying inflammatory condition, but do not necessarily
mean current or present overt inflammatory status. Similar cut-
off values of WBC and ANC in the normal range were
observed in previous studies.**' WBC count > 5700/uL was
significant predictive factor for sarcoma and neutrophil count
(540043200 vs 3500+ 1200/uL, P<0.001) in LMS group was
significantly higher than control group.

Recent studies indicate that NLR might be a useful
different
cancers.''?? % A high NLR represents an increase in

diagnostic and prognostic marker for
immunosuppressive status, and reportedly, is associated
with poor survival in esophageal, gastric, colorectal,
lung, breast cancer, and urologic cancers.’’** Regarding
gynecologic malignancies, high NLR is associated with
poor clinical outcomes in ovarian, endometrial, and cervi-
cal cancer, and in uterine sarcoma. %33 In a meta-
analysis conducted by Wu et al in cervical cancer, an
elevated NLR was found to be closely associated with
poor clinical outcomes and unfavorable clinicopathologi-
cal factors*® Similarly, Jeong et al reported that an

elevated preoperative NLR (>2.60) was associated with
poor clinical outcomes in uterine sarcoma patients.''

However, few studies have investigated the diagnostic
values of markers of systemic inflammation in different
cancers (Table 5). In non-gynecologic cancers, NLR has
been suggested to predict the presence of Hodgkin lym-
phoma, glioma, prostate cancer, or cartilaginous tumors
(enchondroma and low-grade chondrosarcoma),'®37-40
whereas in gynecologic cancers, we have reported on the
usefulness of NLR as a diagnostic marker for the presence
of EOC.® Kim et al described the efficacy of NLR for the
preoperative diagnosis of uterine sarcomas and suggested
that NLR (>2.12) might provide a more useful and cost-
effective means than serum CA-125 for their preoperative
differentiation.”® Cho et al concluded that an NLR of >2.1
significantly and independently predicted the presence of
uterine sarcoma,’ and interestingly, Zhang et al reported
that an NLR of > 2.8 independently predicted LMS.*
Similarly, we found that an NLR of > 2.157 might be
useful for differentiating LMS and LM. The reported
NLR cut-off values for NLR are similar to those obtained
in the present study, whereas the cut-off value reported by
Zhang et al was slightly higher (Table 5).

Uterine LMS is challenging to diagnose preoperatively
and can mimic the appearance of benign uterine LM
clinically and radiologically. Recently, Fujibuchi et al
reported elevated WBC count, serum CRP level, and
serum LDH level were independent predictive markers of
soft tissue sarcomas and recommended that patients with
three or more predictive factors should be referred to
a specialist.>' In the present study, multivariate analysis
revealed preoperative CRP > 0.195, LDH > 339.5, or NLR
> 2.195 independently predicted the presence of LMS
(Table 3), and that other clinical and laboratory variables,
including lymphocyte count, monocyte count, tumor size,
platelet count, Hb concentration, RDW, and CA125 level
did not (Supplementary Tables S1 and S2). However, it

should be noted that the reported significances of Hb
concentration and tumor size vary  between
studies.>*'®?! LMR, MLR, and PLR were analyzed in
this study, but these did not show significant differences.

Recently, studies focused on the prognostic biomarkers
or models have been reported in uterine sarcoma because
clinical characteristics of sarcoma patients could not effec-
tively distinguish between patients with high or low survi-
val rates, and effective and responsible prognostic
biomarkers are few. Zhou et al identified an RNA-Seq
expression signature for uterine sarcoma to improve
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clinical outcomes.*' Furthermore, multiple somatic muta-
tions and copy-number alterations that are therapeutic
targets for uterine carcinosarcoma were identified.*

One strength of the present study is that we divided the LM
group into LM with or without degeneration subgroups and
investigated differences between clinical and laboratory vari-
ables in the LMS and LM with degeneration groups because
this differentiation is an important clinical issue and no pre-
vious study has addressed the topic. However, our study also
has several limitations that warrant consideration. First, we
were unable to confirm that preoperative WBC, ANC, CRP,
LDH, and NLR differentiate LMS from LM because the data
used were collected retrospectively. Second, these serum mar-
kers are non-specific markers of inflammation, and although
patients with any inflammatory conditions, such as adenomyo-
sis or endometriosis, were excluded, laboratory test results
may have been affected by other unrecognized systemic
inflammatory conditions. Third, due to the rarity of this dis-
ease, the sample sizes in this study were relatively small and as
aresult we were unable to accurately determine CRP, LDH, or
NLR cut-off values in the presence of LMS. Accordingly, the
cut-off values obtained by ROC curve analysis may differ
from those reported previously.

In summary, our findings suggest that in older or post-
menopausal patients, high WBC count, ANC, CRP, LDH,
and NLR levels should be considered independent biomar-
kers for the differentiation of LMS and LM. Considering that
these serum markers are readily measured and calculated,
inexpensive, and universally available in clinical settings,
they may be of considerable value, although the topic needs
further investigation. Easily accessible tools for differentiat-
ing LMS and LM are important for primary care physicians
that care for women with a uterine tumor. Successful predic-
tion of the presence of uterine LMS using these simple
clinical and laboratory markers might prevent misdiagnoses
and improve prognoses.
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