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ABSTRACT

Objectives: Serum markers play many roles in various cancers. Our aim is to investigate whether
preoperative serum markers can be used for predicting lymph node (LN) metastasis in
endometrioid adenocarcinoma of endometrium.

Materials and Methods: Clinical characteristics of all patients with pure endometrioid adenocarcinoma
of endometrium who underwent complete surgical staging at Rajavithi hospital, between 1
January 2010 and 31 December 2014 were retrospectively reviewed. Preoperative serum
markers including hemoglobin (Hb), neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio
(PLR), multiplication of neutrophil and monocyte counts (MNM), platelet counts, mean platelet
volume (MPV) and serum albumin levels were investigated. Sensitivity, specificity, positive
predictive value, negative predictive value of serum markers to predict lymph node metastasis
were evaluated.

Results: Two hundred eighty-three patients who meet the study inclusion criteria were included.
There were 40/283 (14.3%) of LN metastasis. LN metastasis was significantly associated with
lower Hb level (p < 0.001) and higher NLR, PLR, MNM and platelet count (p = 0.018, p = 0.004,
p = 0.008 and p = 0.03 respectively). The best cut off values to identify lymph node metastasis
were 11.85 for Hb (72.5% sensitivity, 59.7% specificity), 2.29 for NLR (60.0% sensitivity, 61.7%
specificity), 10.37 for PLR (67.5% sensitivity, 56% specificity), 0.0068 for MNM (70% sensitivity,
56% specificity) and 297,500 for platelet count (62.5% sensitivity, 57% specificity).

Conclusion: Preoperative lower Hb level, higher NLR, PLR, MNM and platelet count were significantly
related with lymph node metastasis. They could be used in clinical practice to rule in patients
with low risk for LN metastasis without extra costs.
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Introduction

Endometrial cancer (EMC) is the most
common malignancy of female genital tract in more
developed countries. In the United States, it was
estimated that 54,870 new uterine cancers occurred
in 2015M. On the contrary, incidence of this disease
decreases in less developed countries. At Rajavithi
hospital, EMC is the second most common cancer
in gynecology. It was estimated that 167 new cases
occurred in 2015.

Patients with EMC have been treated with
surgical staging since 1988 which includes
hysterectomy, bilateral salpingo-oophorectomy,
peritoneal washing for cytology, and pelvic and
paraaortic lymph node (LN) sampling using
explorative laparotomy or laparoscopy. However,
there is a controversial issue about the role of
lymphadenectomy in surgical management of EMC.
Because some retrospective studies have suggested
that systematic lymphadenectomy be beneficial, a
full pelvic and paraaortic lymphadenectomy were
previously done in all patients®#. After that, two
randomized clinical trials concluded that routine
lymph node dissection did not improve the outcome
of patients  with early-stage EMC®%. On the other
hand, lymphadenectomy can identify true staging,
guide the appropriate adjuvant treatment, and
eradicate metastatic LN. To avoid systematic
overtreatment, NCCN guideline recommends a more
selective and tailored lymphadenectomy approach®.
Computerized Tomography (CT) and Magnetic
Resonance Imaging (MRI) do not have good
sensitivity for detecting metastatic LN in EMC®), but
Positron Emission Tomography (PET)/CT scan has
been used for preoperatively lymphatic spreading.
In patients with deeply invasive grade 2 on
preoperative MRI, grade 3, serous, and clear cell,
preoperative PET/CT has moderate sensitivity
(78%—-79%) with good specificity (98%—99%),
positive predictive value (91%—-92%), and negative
predictive value (95%—97%)¢®". Although PET/CT
is moderate sensitivity for detecting metastatic LN,
itis not used in routine practice in Thailand because
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of high expense. Therefore, we try to find the simple,
inexpensive preoperative blood test to evaluate
correlation with LN metastasis.

The host immune responses play important
roles in the local environments of the tumors.
Interactions between tumor cells and host immune
responses cause tumor progression and growth(2),
Circulating cytokines and chemokines from tumor
cells trigger systemic alterations of inflammatory
responses, such as a low hemoglobin level, an
increase in neutrophil counts, a slight increase in
platelet counts, and a decline in lymphocyte
counts(™), Elevated neutrophil/lymphocyte ratio
(NLR), platelet/lymphocyte ratio (PLR)] and
multiplication of neutrophil and monocyte counts
(MNM) have been investigated as prognostic and
predictive markers in patients with various
cancers*1 . Moreover, low-pretreatment
hemoglobin (Hb) and thrombocytosis were
associated with unfavorable prognosis in a number
of epithelial malignancy including EMC{". Based
on the theory that mean platelet volume (MPV) is
an indicator of platelet activation, larger MPV was
found to be a marker for predicting advanced-stage
endometrial cancers in one study('®. Therefore, this
retrospective study was designed to investigate
whether preoperative serum markers can be used
for predicting LN metastasis in endometrioid
adenocarcinoma of endometrium.

Materials and Methods

The study population consisted of patients
with pathologically pure endometrioid
adenocarcinoma of endometrium who underwent
hysterectomy, salpingo-oophorectomy, pelvic and/
or paraaortic LN sampling and peritoneal cytology
at Rajavithi hospital, between 1 January 2010 and
31 December 2014. Patients with acute inflammatory
disease, myeloproliferative disorders, autoimmune
disease, hepatitis, splenectomy and synchronous
malignancy were not included in the study. Patients
using aspirin or clopidogrel which could affect
platelet count and/or function were also excluded.
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The study protocol was approved by the ethics
committee of Rajavithi hospital, Thailand.
Clinicopathological data, including age, body mass
index (BMI), parity, menopausal status, diabetes,
histopathological grade, surgical International
Federation of Gynaecology and Obstetrics (FIGO)
stage (revised in 2009), tumor diameter, myometrial
invasion, lymphovascular space invasion (LVSI),
lower uterine and cervical stromal involvement were
retrospectively reviewed.

Preoperative hematological parameters were
documented from medical records. Complete blood
counts (CBCs) were obtained within one month
before the operation using Coulterls780 and Xn1000
automatic analyzer in all patients. Serum albumin
was collected as well within three months before the
operation using Cobas8000 modular analyzer. The
NLR was defined as the absolute neutrophil count
divided by the absolute lymphocyte count, PLR
was defined as the absolute platelet count divided
by the absolute lymphocyte count and the MNM was
defined as the multiplication of neutrophil counts
and monocyte counts then divided by 10,000.

All statistical analyses were performed using
the Statistical Package for Social Sciences version
16.0 software (SPSS Inc, Chicago, IL, USA).
Categorical variables were analyzed using Pearson’s
chi-square test and Fisher’s exact test. Continuous
variables were shown as the mean * standard
deviation and compared using the student’s t-test.
The differences in each serum markers were
compared using the Mann-Whitney U tests.
Sensitivity and specificity for different serum markers
cutoffs were calculated with receiver-operating
curves. Receiver-operating curve analysis was
plotted to investigate optimal cutoff values that
maximized sensitivity and specificity. P < 0.05 was
considered to be statistically significant.

Results

A total of 283 patients who meet the study
inclusion criteria were included. Table 1 shows
clinicopathological characteristics of the patients
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according to LN metastasis. Of the 283 patients, 213
patients (75.3%) underwent both pelvic and
paraaortic LN sampling and 70 patients (24.7%)
underwent only pelvic LN sampling. 40 patients
(14.1%) had pelvic and/or paraaortic LN metastasis,
and 243 patients (85.9%) did not have. Age, BMI,
parity, menopausal status and diabetes were not
different in group of LN positive and negative for
malignancy. In the group of LN metastasis, there
were significant higher in high grade of surgical
specimen, FIGO staging, lower uterine and cervical
involvement, depth of myometrial invasion, presence
of LVSI and positive peritoneal cytology.

CBCs were collected in all patients, but data
of serum albumin were missed in 50 patients
(17.7%). Table 2 shows the comparison between
each serum markers and LN metastasis. LN
metastasis was significantly associated with lower
Hb level (p<0.001) and higher NLR, PLR, MNM and
platelet count (p=0.018, p=0.004, p=0.008 and
p=0.03, respectively). MPV and serum albumin were
quite higher in LN negative group, but there were no
significant difference.

Receiver operating characteristics (ROC)
curve findings, indicating the utility of the Hb, NLR,
PLR, MNM and platelets count as predictive markers
for lymph node metastasis in endometrioid
adenocarcinoma of endometrium are shown in Fig.
1 and Table 3. Diagnostic sensitivity, specificity,
positive predictive value (PPV), negative predictive
value (NPV), and accuracy of preoperative serum
markers by the ROC curve are shown in Table 4.
The best cut off values to identify LN metastasis
were 11.85 for Hb (72.5% sensitivity, 59.7%
specificity, 22.8% PPV, 93.0% NPV), 2.29 for NLR
(60.0% sensitivity, 61.7% specificity, 20.15% PPV,
90.4% NPV), 10.37 for PLR (67.5% sensitivity, 56%
specificity, 20.15% PPV, 91.3% NPV), 0.0068 for
MNM (70% sensitivity, 56% specificity, 20.74% NPV,
91.9% NPV) and 297,500 for platelet count (62.5%
sensitivity, 57% specificity, 19.2% PPV, 90.2% NPV).
Accuracy of Hb, NLR, PLR, MNM, platelet count are
61.5%, 61.5%, 57.6%, 58.0%, 57.6% respectively.
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Table 1. Clinicopathological characteristics of patients with endometrioid adenocarcinoma of endometrium according

to LN metastasis.

Pelvic + Paraaortic LN

Characteristics Total Positive Negative p value
(n = 283) (n =40) (n =243)
n % n % n %
Age (years) 0.113
<40 15 5.3% 0 0% 15 6.2%
40-60 178 62.9% 23 57.5% 155 63.8%
> 60 90 31.8% 17 42.5% 73 30.0%
BMI (kg/m?) 0.782
Underweight (< 18.5) 9 3.2% 2 5.0% 7 2.9%
Normal (= 18.5 — 24.99) 98 34.6% 15 37.5% 83 34.2%
Overweight (= 25-29.99) 105 37.1% 15 37.5% 90 37.0%
Obesity (= 30) 71 25.1% 8 20.0% 63 25.9%
Parity 0.899
0 93 32.9% 14 35.0% 79 32.5%
1 46 16.3% 7 17.5% 39 16.0%
=2 144 50.9% 19 47.5% 125 51.4%
Menopausal status 0.248
premenopause 78 27.6% 8 20.0% 70 28.8%
menopause 205 72.4% 32 80.0% 173 71.2%
DM 89 31.4% 13 32.5% 76 31.3% 0.877
Grading of surgical specimen < 0.001*
G1 135 47.7% 9 22.5% 126 51.9%
G2 100 35.3% 14 35.0% 86 35.4%
G3 48 17.0% 17 42.5% 31 12.8%
Staging < 0.001*F
1 193 68.2% 0 0% 193 79.4%
2 33 11.7% 0 0% 33 13.6%
3 53 18.7% 38 95.0% 15 6.2%
4 4 1.4% 2 5.0% 2 0.8%
Tumor diameter (cm) < 0.001M
Mean + S.D. 4.36 + 2.39 6.63 + 2.41 3.99+2.18
Median (min-max) 4 (0.1-13) 6.75 (0.5-13) 4 (0.1-12.5)
Lower uterine involvement 93 32.9% 24 60.0% 69 28.4% < 0.001*
Cervical involvement 56 19.8% 14 35.0% 42 17.3% 0.009*
Myometrial invasion < 0.001*
< ¥ 171 60.4% 9 22.5% 162 66.7%
> 112 39.6% 31 77.5% 81 33.3%
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Table 1. Clinicopathological characteristics of patients with endometrioid adenocarcinoma of endometrium according
to LN metastasis. (Cont.)

Pelvic + Paraaortic LN

Characteristics Total Positive Negative p value
(n = 283) (n =40) (n =243)
n % n % n %
LVSI < 0.001*
Positive 95 33.6% 32 80.0% 63 25.9%
Negative 188 66.4% 8 20.0% 180 74.1%
Peritoneal washing <0.001*
positive 18 6.4% 9 22.5% 9 3.7%
negative 224 79.2% 27 67.5% 197 81.1%
no data 41 14.5% 4 10.0% 37 15.2%

BMI: body mass index; DM; diabetes mellitus; LVSI: lymphovascular space invasion. p-value from Chi-Square test, F = p-value
from Fisher’s Exact Test, M = Mann-Whitney U test, * Significant at the 0.05 level

Table 2. the comparison between each serum markers and LN metastasis.

Pelvic + Paraaortic

Serum markers Positive Negative p value
(n=40) (n=243)
Mean S.D. Mean S.D.

Hb 1.1 1.82 12.23 1.56 < 0.001*T
NLR 3.36 2.20 2.55 1.62 0.018*M
PLR 15.75 9.61 11.71 742 0.004*M
MNM 0.00719 0.00113 0.00671 0.00106 0.008*™
Plt count 322.40 77.61 294.81 92.49 0.030"™
MPV 9.30 1.18 9.63 1.15 0.0957
Albumin 4.14 0.44 6.32 29.41 0.293

Hb: hemoglobin; NLR: neutrophil/lymphocyte ratio; PLR: platelet/lymphocyte ratio; MNM: multiplication of neutrophil and monocyte
counts; PIt: platelet; MPV:mean platelet volume. M = Mann-Whitney U test, T=p-value from Independent t-test, *Significant at
the 0.05 level

Table 3. Area under the curve and cut-off value in the ROC curve for serum markers.

Variables Cut-off value AUC p-value 95% CI
Hb > 11.85 0.698 < 0.001 0.611-0.785
NLR >2.285 0.617 0.018 0.517-0.717
PLR >10.368 0.643 0.004 0.543-0.742
MNM > 0.006815 0.632 0.008 0.533-0.730
Plt > 2975 0.607 0.030 0.513-0.701

Hb: hemoglobin; NLR: neutrophil/lymphocyte ratio; PLR: platelet/lymphocyte ratio;, MNM: multiplication of neutrophil and monocyte
counts; Plt: platelet; AUC: area under the curve.
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Fig. 1. Flow chart of participants’ progress through the study.

Table 4. Diagnostic Sensitivity, specificity, PPV, NPV and accuracy of Serum markers.

serum Cut-off Sensitivity Specificity PPV NPV Accuracy
markers value (95%Cl) (95%Cl) (95%Cl) (95%Cl)
Hb <11.85 72.50% 59.67% 22.83% 92.95% 61.48%
> 11.85 56.11-85.40 53.21-65.89 15.86-31.12 87.73-96.43%

NLR >2.285 60.00% 61.73% 20.51% 90.36% 61.48%
<2.285 43.33%-75.14%  55.30%-67.87%  13.61%-28.97% 84.82%-94.39%

PLR > 10.368 67.50% 55.97% 20.15% 91.28% 57.60%
< 10.368 50.87%-81.43 49.48%-62.31 13.72%-2795%  85.54%-95.27%

MNM > 0.006815 70.00% 55.97% 20.74% 91.89% 57.95%
< 0.006815 53.47%-83.44%  49.48%-62.31% 14.25%-28.56%  86.27%-95.74%

Plt > 2975 62.50% 56.79% 19.23% 90.20% 57.60%
<2975 45.80%-77.27%  50.13%-63.11%  12.85%-27.07%  84.35%-94.41%

Hb: hemoglobin; NLR: neutrophil/lymphocyte ratio; PLR: platelet/lymphocyte ratio; MNM: multiplication of neutrophil and monocyte
counts; PIt: platelet; PPV: positive predictive value; NPV: negative predictive value.

Discussion

LN sampling is the necessary procedure of
surgical staging in EMC because it can make true
staging, guide the appropriate adjuvant treatment, and
eradicate metastatic LN. This procedure causes
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complications such as vessel injury, postoperative
lymphedema. To avoid systematic overtreatment,
NCCN guideline recommends a more selective and
tailored lymphadenectomy approach according to
intraoperative finding". However, risk factors for
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predicting LN metastasis are cell type, grade, depth of
myometrial invasion, LVSI and cervical involvement
which are clearly detected after surgical procedure®,
Thus, many studies have investigated about noninvasive
preoperative methods with high accuracy and sensitivity
to detect LN metastasis. To date, no preoperative test
whether it is PET/CT scan, MRI or any preoperative
blood tests is able to detect LN micrometastasis.

Tumor cells can produce cytokines, such as
interleukins, interferon gamma and tumor necrosis
factor which induce hemolysis, suppress erythropoiesis
and inhibit the response of erythroid progenitor cells to
erythropoietin®), Platelets have been associated with
malignant diseases, based on alteration of coagulation
and abnormal hemostasis in cancer patients"®. The
presence of neutrophilia, leukocytosis and
thrombocytosis represents a nonspecific response to
cancer-related inflammation®. Neutrophilia provides
a suitable environment and secrets most circulating
vascular endothelial growth factors, and finally it causes
cancer progression®d.

At present, a few studies have investigated the
accuracy of systemic inflammatory response (SIR)
markers for LN metastasis in endometrial cancer. One
retrospective study reviewed the correlation of SIR
markers with LN metastasis compared with serum CA-
125 in endometrioid adenocarcinoma of endometrium
after surgical staging. Preoperative SIR markers
including CBCs, CRP, fibrinogen and serum albumin
were obtained. This study found that preoperative NLR,
PLR, CRP, albumin, and fibrinogen levels were not
superior to CA-125 for the prediction of LN metastasis,
but that among the markers, only NLR and PLR reached
comparable sensitivities (63.3% and 64.5%, respectively)
(24). Serum CRP, fibrinogen and CA 125 were not used
in routine preoperative blood tests in our country. This
study has some limitations. First, only 26% of patients
underwent both pelvic and paraaortic lymphadenectomy
and 8.8% of patients did not undergo pelvic and
paraaortic lymphadenectomy. Second, CRP and
fibrinogen values were missing for several patients.

In the present study, a total of 283 patients were
included. All of our patients were surgical staging with
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pelvic and/or paraaortic LN sampling. Of the 283
patients, 213 patients (75.3%) underwent both pelvic
and paraaortic LN sampling and 70 patients (24.7%)
underwent only pelvic LN sampling. Serum markers
were moderate sensitivity to detect LN metastasis in
endometrioid adenocarcinoma of endometrium
especially Hb, PLR and MNM. Furthermore, negative
predictive values (NPV) of Hb, NLR, PLR, MNM and
platelet count to predict LN metastasis were more than
90%. These serum markers were acceptable, simple
to obtain and calculate. They could be used in clinical
practice to rule in patients with low risk for LN metastasis
without extra costs. If using these serum markers with
other blood test (CA125) or imaging (PET/CT, MRI), it
will improve the good performance to rule in patients
with low risk for LN metastasis.

Our study has some limitations. First, it was
retrospective in nature based on a single institution.
Second, there was difference in timing of collecting
preoperative hematological parameters in each patient.
Lastly, data of serum albumin were missing up to 17.7%
of patients. Although the association of these serum
markers between the patients with positive or negative
lymph nodes was statistically significant, the differences
of these values were only small and may be not clinically
important. If we had been able to collect all data, the
test value would have been improved for using in clinical
practice.

Conclusion

Preoperative lower Hb level, higher NLR, PLR,
MNM and platelet count were significantly related with
lymph node metastasis. They could be used in clinical
practice to rule in patients with low risk for LN metastasis
without extra costs.
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