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Abstract

Objective: In Endometrial Cancer (EC), preoperative anemia, thrombocytosis and leukocytosis appear 
to be associated with worse prognosis. It remains unclear whether these parameters solely reflect tumor 
aggressiveness, or also impact response to adjuvant treatment. Therefore, our primary aim is to evaluate the 
prognostic relevance of anemia, thrombocytosis and leukocytosis on survival in EC. Secondary, to explore their 
predictive relevance in response to radiotherapy in EC.

Material and methods: A retrospective multicenter cohort study was performed within 10 hospitals. 
Preoperative hematological parameters were defined as: Anemia – hemoglobin <7.45 mmol/L (<12 g/Dl), 
thrombocytosis – platelets >400 x 109 platelets/L, leukocytosis – leukocytes >10 x 109/L. The relationship 
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of hematological parameters with clinicopathological characteristics, ESGO/ESTRO/ESP risk groups and 
survival were evaluated. Furthermore, the predictive value of hematological parameters was determined on 
the overall response to adjuvant radiotherapy and for the ESGO/ESTRO/ESP intermediate-risk group solely 
receiving radiotherapy.

Results: A total of 894 patients were included with a median follow-up of 4.5 years. Anemia was present 
in 103 (11.5%), thrombocytosis in 79 (8.8%) and leukocytosis in 114 (12.7%) patients. The presence of anemia 
or thrombocytosis was significantly associated with ESGO/ESTRO/ESP high-risk (respectively, P=0.002 and 
P=0.041). In the entire cohort, anemia remained independently associated with decreased disease-specific 
survival (DSS) (HR 2.31, 95% CI (1.19-4.50), P=0.013) after adjusting for age, the abnormal hematological 
parameters and ESGO/ESTRO/ESP risk groups. In patients that were treated with adjuvant radiotherapy 
(n=239), anemia was associated with significant reduced 5-year DSS and recurrence-free survival (P=0.005 
and P=0.025, respectively). In ESGO/ESTRO/ESP intermediate risk patients that received solely vaginal 
brachytherapy (n=74), anemia was associated with reduced DSS (P=0.041). 

Conclusions: Current data demonstrate the importance of preoperative anemia as independent prognostic 
factor in patients with EC. Moreover, anemia seems to be associated with reduced response to radiotherapy. 
Prospective validation in a larger study cohort is needed to verify anemia as predictive biomarker for 
radiotherapy. 

Keywords: Anemia; Prognostic; Predictive; Radiotherapy; Vaginal brachytherapy.

Abbreviations: EC: Endometrial Cancer; ESGO/ESTRO/ESP: European Society of Gynaecological Oncology; 
European Society For Radiotherapy and Oncology; European Society of Pathology; FIGO: International 
Federation of Gynecology and Obstetrics; LVSI: Lymphovascular Space Invasion; RT: Radiotherapy; UK: United 
Kingdom; VBT: Vaginal Brachytherapy; OR: Odds Ratio; CI: Confidence Interval; HR: Hazard Ratio; DSS: Disease-
Specific Survival.

Introduction

Endometrial cancer (EC) is the most common gynecologic ma-
lignancy in industrialized countries with incidence rates rising due 
to aging and obesity. Most patients are diagnosed with low-grade 
EC (grade 1-2 endometrioid EC), and generally have a favorable 
prognosis [1]. Around 20% of patients are diagnosed with high-
grade EC (grade 3 endometrioid EC and non-endometrioid EC), 
have an overall poor prognosis and are associated with an in-
creased risk of regional or distant metastases [1]. Currently, pri-
mary surgical treatment is based on preoperative tumor grade 
and histology.

According to the recent ESGO/ESTRO/ESP (European Society 
of Gynaecological Oncology – European SocieTy for Radiotherapy 
and Oncology – European Society of Pathology) guideline, adju-
vant treatment is based on risk classification groups incorpora-
ting FIGO (Federation International of Gynecology and Obstetrics) 
stage, tumor grade and histology, Lymphovascular Space Invasion 
(LVSI) and with or without molecular markers [2]. Often routinely 
obtained preoperative clinical biomarkers, such as hematological 
parameters, may contribute to identification of patients with ex-
tended disease and/or aggressive tumor behavior that might res-
pond differently to adjuvant therapy [3-5].

Endometrial carcinogenesis is characterized by chronic in-
flammation with elevated pro-inflammatory cytokines and acute 
phase proteins [6]. Overexpression of inflammatory cytokines 
could contribute to the development of cancer-related anemia, 
thrombocytosis and leukocytosis, and could generate a protumo-
rigenic environment [7-10]. Preoperative abnormal hematological 
parameters like anemia, thrombocytosis and/or leukocytosis, have 
been shown to be associated with FIGO advanced-stage and unfa-
vorable outcome, however results remain conflicting [8,9,11-16].

Several studies showed an adverse impact of anemia to Radio 
Therapy (RT) response in solid tumors, explained by the fact that 
anemia is proposed to be a surrogate maker for tumor hypoxia 
[4,17]. Hypoxia is very common in solid tumors and leads to cel-
lular stress response, which allows tumor cells to survive. In addi-
tion, these hypoxic conditions may also protect tumor cells from 
downstream DNA breaks and lethality induced by radiotherapy 
[18,19]. Within gynecological tumors, leukocytosis was also ob-
served to have an adverse predictive impact on RT response [5]. 
So far, no studies reported the impact of thrombocytosis on RT in 
solid tumors.

Based on conflicting results in outcome of abnormal preopera-
tive hematological parameters in endometrial cancer, we aim to 
evaluate the prognostic relevance of anemia, thrombocytosis and 
leukocytosis on survival. Second, we aim to explore the predictive 
relevance of these abnormal hematological parameters on res-
ponse to adjuvant RT. We hypothesize that patients with anemia 
and thrombocytosis have reduced survival due to advanced stage 
and/or disseminated EC, and anemia might have negative impact 
on response to adjuvant RT.

Material and methods

Study cohort

A multicenter cohort study was performed with a combina-
tion of prospective and retrospectively collected data in patients 
diagnosed with EC. This study is a collaboration between the 
Netherlands and the United Kingdom (UK) by which data of nine 
hospitals in the Netherlands (PIpelle Prospective ENDO metrial 
carcinoma (PIPENDO) cohort) [20] and one in the UK [21] were 
merged. The design and patient cohort of both cohorts, including 
946 patients in total (PIPENDO and UK), have been published pre-
viously [20,21]. A study flowchart is shown in the Figure S1.



www.journalononcology.org	 			         3

Data collection

All patients were surgically treated between 2006-2015. For 
the Dutch participating hospitals patient characteristics, posto-
perative tumor histology, grade and FIGO staging were collected 
prospectively [20]. Preoperative hemoglobin level, platelet- and 
leukocyte counts were collected retrospectively from hospital 
records. For the UK center, all clinicopathological characteristics 
and preoperative hematological parameters were collected re-
trospectively [21]. Regarding the data collection of nodal status, 
in the Netherlands and UK surgical staging is selectively perfor-
med in patients with preoperative high-grade histology (grade 3 
endometrioid EC and non-endometrioid EC) and in case of clinical 
suspicion of extended disease, according to the Dutch and British 
EC guideline [22,23].

The sole additional inclusion criteria used for this study was 
that patients were only included if at least one of the three preo-
perative hematological parameters was conducted ≤6 weeks prior 
to surgery, resulting in 896 patients.

Statistical analysis

The hematological parameters were analyzed as a dichoto-
mous value, with defined cut-offs. Anemia was defined accor-
ding to the World Health Organization as hemoglobin level <7.45 
mmol/L (<12 g/Dl) [24]. Thrombocytosis as platelet counts >400 x 
109 /L according multiple studies involving gynecologic malignan-
cies8 and leukocytosis as leukocyte counts >10 x 109/L [10].

The risk classification groups were classified according to the 
ESGO/ESTRO/ESP guideline; low, intermediate, high-interme-
diate, high and advanced/metastatic risk group [2]. To explore the 
response on RT, all patients who received solely adjuvant RT were 
included for the second analysis. To further refine response of RT 
and in order to prevent treatment bias by including patients who 
were not treated according to the recent guideline, patients only 
classified as ESGO/ESTRO/ESP intermediate risk were included 
(flowchart secondary analysis Figure S2). According to the guide-
line, these patients are recommended to receive adjuvant Vaginal 
Brachytherapy (VBT) [2]. Whereas other risk classification groups 
include observation or combined chemoradiotherapy.

For statistical analyses, Statistical Package for the Social 
Sciences, version 25.0 (IBM, New York, NY, USA) was applied. 
The results were considered significant with P-value less than 
0.05 (P<0.05). Clinicopathological characteristics between dicho-
tomous hematological subgroups were compared using the χ2 
or Fisher’s exact test for categorical data, and the non-parame-
tric Mann-Whitney U-test for continuous variables. Association 
between exposure and outcome are shown as Odds Ratio (OR), 
95% Confidence Interval (CI) and P-value. Survival analyses were 
performed using Kaplan-Meier curves and univariable and multi-
variable Cox-regression. Associations are shown as Hazard Ratio 
(HR), 95% CI and P-value. Disease-Specific Survival (DSS) was de-
fined as time from date of diagnosis to date of death by EC and 
Recurrence-Free Survival (RFS) was defined as time from surgery 
to time of recurrence from EC disease, all censored by date of last 
contact.

Results

Patients

A total of 896 EC patients were included with a least one he-
matological parameter. Two patients had abnormally high leuko-
cyte count (>50 x 109/L) due to chronic lymphatic leukemia and 
unknown cause, these patients were excluded, resulting in 894 
EC patients (54.8% British and 45.2% Dutch) included in this stu-
dy with a median follow-up of 4.5 years (range 0-10 years) (Fi-
gure S1). Clinicopathological characteristics of the study cohort 
are shown in Table 1. Median age was 65.9 (27.2-93.8) years and 
median body mass index 29.7 (16.4-60.9) kg/m2. Of 653 (73.0%) 
EC patients all three hematological parameters were available. 
Median preoperative hemoglobin level was 8.4 mmol/L, median 
platelet count 298.3 x 109 platelets/L and median leukocyte count 
8.1 x 109/L. Anemia was present in 103 (11.3%), thrombocytosis in 
79 (8.6%) and leukocytosis in 114 patients (12.5%). Most patients 
were diagnosed with low-grade (grade 1-2), FIGO stage I-II and 
endometrioid EC (respectively, 69.4%, 90.2% and 82.2%). Lym-
phadenectomy was performed in 205 patients (22.9%) of whom 
34 (16.5%) had lymph node metastasis. Adjuvant treatment was 
administered in 344 patients (38.5%). A total of 239 patients 
(69.5%) received RT of which 132 patients (55.2%) VBT and 107 
patients (44.8%) external beam radiation therapy with or without 
VBT. Hundred and twenty-four patients (13.9%) developed re-
current EC, and 160 patients (17.9%) were deceased of which 99 
(61.8%) deaths were directly related to EC.

Preoperative hemoglobin-, platelet- and leukocyte level in re-
lation to clinicopathological characteristics are shown in Table 2. 
Hemoglobin level was measured in 894 (100.0%), platelet count 
in 721 (80.6%) and leukocyte count in 667 patients (74.6%). Pa-
tients with anemia were significantly associated with grade 3 EC 
(OR 1.81, 95% CI 1.18-2.79), LVSI (OR 1.61, 95% CI 1.00-2.57), and 
ESGO/ESTRO/ESP high risk (OR 2.11, 95% CI 1.30-3.42). The pre-
sence of thrombocytosis was significantly associated with LVSI 
(OR 1.77, 95% CI 1.04-2.99), and ESGO/ESTRO/ESP high risk (OR 
1.78, 95% CI 1.02-3.11). Leukocytosis was significantly associated 
with ESGO/ESTRO/ESP advanced/metastatic risk (OR 2.72, 95% CI 
1.06-6.97).

Outcome

The 5-year DSS and RFS of preoperative anemia, thrombocyto-
sis and leukocytosis are shown in Figure 1A-F. Patients with ane-
mia had a significant reduced 5-year DSS and RFS compared to 
patients with normal hemoglobin level (respectively, P<0.001 and 
P<0.001) (Figure 1A,1D). Patients with thrombocytosis showed si-
gnificant reduced 5-year DSS compared to normal platelet count 
(P=0.023), no difference was found for RFS (Figure 1B,1E). For pa-
tients with leukocytosis compared with normal leukocyte count, 
no significant difference in DSS and RFS was found (Figure 1C,1F).

In multivariable analysis after adjusting for age, the three ab-
normal hematological parameters and the ESGO/ESTRO/ESP risk 
groups, only anemia, age and ESGO/ESTRO/ESP high- and ad-
vanced/metastatic risk groups remained independently associa-
ted with a reduced DSS. None of the hematological parameters 
were independently associated with a decreased RFS (Table 3). 
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Figure 2 A-F: 5-year disease-specific survival (DSS) and re-
currence-free survival (RFS) of patients with normal and ab-
normal hematological parameters within patients with solely 
adjuvant radiotherapy (RT). A. 5-year DSS of patients with and 
without anemia in patient with adjuvant RT. B. 5-year DSS of 
patients with and without thrombocytosis in patients with ad-
juvant RT. C. 5-year DSS of patients with and without leuko-
cytosis in patients with adjuvant RT. D. 5-year RFS of patients 
with and without anemia with adjuvant RT. E. 5-year RFS of 
patients with and without thrombocytosis with adjuvant RT. 
F. 5-year RFS of patients with and without leukocytosis with 
adjuvant RT. 

Figure 1 A-F: 5-year disease-specific survival (DSS) and recur-
rence-free survival (RFS) of patients with normal and abnormal 
hematological parameters. A. 5-year DSS of patients with and 
without anemia. B. 5-year DSS of patients with and without 
thrombocytosis. C. 5-year DSS of patients with and without 
leukocytosis. D. 5-year RFS of patients with and without ane-
mia. E. 5-year RFS of patients with and without thrombocyto-
sis. F. 5-year RFS of patients with and without leukocytosis.

Figure S2: Flowchart secondary analysis

Total study cohort:

894 patients

Excluded based on adjuvant 
treatment:

No adjuvant treatment: 550 pa-
tients Chemo or chemoradiation: 

100 patients Other: 5 patients

Solely receiving RT:

239 patients

E=Excluded based on the ESGO/
ESTRO/ESP risk groups:

Low: 7 patients High-intermediate: 
89 patients High: 49 patients 

Advanced/metastatic: 3 patients
Excluded based on adjuvant treatment 

within the intermediate risk group:

EBRT: 9 patients EBRT + VBT: 8 patients

Patients within the intermediate risk
group solely receiving VBT:

74 patients

Figure S1: Study flowchart

Total number of patients in the included 
studies:

PIPENDO cohort: 432 patients UK cohort: 
514 patients

Excluded based on non of the three
hematological parameters were 

present:
PIPENDO cohort: 26 patients

UK cohort: 24 patients

Excluded based on abnormally high
leukocyte count:

PIPENDO cohort: 2 patients 
UK: 0 patients

Total number of patients included in
this study:

894 patients

896 patients
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Table 1: Baseline clinic pathological characteristics.

Patient characteristics Total (n=894) 

Age (years) 65.9 (27.2-93.8) 

BMI (kg/m2) 29.7 (16.4-60.9) 

Serum values 

Hemoglobin mmol/L 8.4 (3.9-10.6) 

Hemoglobin <7.45 mmol/L 103 (11.3) 

Platelets x 109 /L 298.3 (13.9-781.0) 

Platelets >400 x 109 79 (8.6) 

Leukocytes x 109/L 8.1 (2.2-33.5) 

pLeukocytes >10 x 109/L 114 (12.5) 

Final tumor histology 

Tumor Grade 
1-2 620 (69.4) 

3 274 (30.6) 

Histology 
Endometrioid 735 (82.2) 

Non-endometrioid 159 (17.8) 

LVSI 
Yes 177 (19.8) 

No 717 (80.2) 

FIGO stage 
Early (I-II) 806 (90.2) 

Advanced (III-IV) 88 (9.8) 

Lymph node status 

Positive (N1) 34 (3.8) 

Negative (N0) 171 (19.1) 

Unknown† (Nx) 689 (77.1) 

ESGO/ESTRO/ESP risk groups

Low 409 (45.7) 

Intermediate 159 (17.8) 

High-intermediate 162 (18.1) 

High 140 (15.7) 

Advanced/metastatic 24 (2.7) 

Adjuvant treatment 

None 550 (61.5) 

RT 
VBT 132 (14.8) 

EBRT (+/- VBT) 107 (11.9) 

CT+CRT 100 (11.2) 

Other 5 (0.6) 

Outcome 

Recurrence 
 

Yes 124 (13.9) 

No 770 (86.1) 

Mortality Overall 160 (17.9) 

EC-related 99 (11.1) 

Data is presented in numbers (%) or median (IQR). 

Abbreviations: n: Number; FIGO: Federation International Gyne-
cology Obstetric; ESGO: European Society of Gynaecological On-
cology; ESTRO: European Society for Radiotherapy and Oncology; 
ESP: European Society of Pathology; RT: Radiotherapy; VBT: Va-
ginal Brachytherapy; EBRT: External beam radiation therapy; CT: 
Chemotherapy; CRT: Chemoradiation; EC: Endometrial Cancer. 
†no lymphadenectomy performed. 

Impact of hematological parameters on response to radio-
therapy

The 5-year DSS and RFS of the preoperative hematological 
parameters in all patients who received solely adjuvant RT are 
shown in Figure 2A-F. Anemia was associated with a significant 
reduced DSS and RFS compared to normal hemoglobin level (res-
pectively, P=0.005 and P=0.025) (Figure 2A,2D). Thrombocytosis 
and leukocytosis did not significantly impact the response to RT 
(Figure 2B,2C,2E,2F). The 5-year DSS and RFS of the hematological 
parameters within patients classified as ESGO/ESTRO/ESP inter-
mediate risk who received solely VBT are shown in Figure S3A-E. 
Patients with anemia had a significant decreased DSS compared 
to normal hemoglobin level (P=0.041). No significant difference 
in DSS and RFS were found for patients with thrombocytosis or 
leukocytosis, however numbers were low.

 
Figure S3 A-F: 5-year Disease-Specific Survival (DSS) and Re-
currence-Free Survival (RFS) of patients with normal and ab-
normal hematological parameters within patients classified as 
intermediate risk who received VBT. A. 5-year DSS of patients 
with intermediate risk and VBT, and with and without anemia. 
B. 5-year DSS of patients patients with intermediate risk and 
VBT, and with and without thrombocytosis. C. 5-year DSS of 
patients with intermediate risk and VBT, and with and without 
leukocytosis. D. 5-year RFS of patients with intermediate risk 
and VBT, and with and without anemia. E. 5-year RFS of pa-
tients with intermediate risk and VBT, and with and without 
thrombocytosis. F. 5year RFS of patients with intermediate 
risk and VBT, and with and without leukocytosis.
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Table 3: Cox regression univariable and multivariable analysis of Disease-Specific Survival (DSS) and Recurrence-Free Survival (RFS).

Variable Univariable DSS 
Multivariable DSS 

Event 66 
Univariable RFS 

Multivariable RFS 
Event 78 

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

Patient characteristics 

Age (continuous) 1.04 (1.02-1.06) <0.001* 1.03 (1.00-1.06) 0.009* 1.04 (1.01-1.05) <0.001* 1.03 (1.00-1.05) 0.022* 

Hematological parameters 

Anemia 3.19 (2.02-5.02) <0.001* 2.31 (1.19-4.50) 0.013* 2.32 (1.49-3.60) <0.001* 1.71 (0.91-3.19) 0.091 

Thrombocytosis 1.90 (1.08-3.34) 0.025* 1.06 (0.49-2.30) 0.872 1.31 (0.73-2.36) 0.363 0.70 (0.32-1.55) 0.382 

Leukocytosis 1.65 (0.95-2.86) 0.074 1.37 (0.74-2.55) 0.312 1.45 (0.85-2.44) 0.168 1.53 (0.84-2.74) 0.159 

ESGO/ESTRO/ESP risk groups 

Low 1  1  1  1  

Intermediate 7.59 (3.01-19.12) <0.001* 3.06 (0.98-9.53) 0.053 6.20 (3.06-12.55) <0.001* 2.38 (0.88-6.39) 0.087 

High-intermediate 3.90 (1.38-10.96) 0.010* 1.59 (0.44-5.65) 0.472 5.23 (2.56-10.89) <0.001* 3.43 (1.44-8.16) 0.005* 

High 32.66 (13.99-76.23) <0.001* 18.3 (7.64-43.94) <0.001* 22.21 (11.64-42.37) <0.001* 16.78 (8.05-34.83) <0.001* 

Advanced/metastatic 101.97 
(40.33-257.79) 

<0.001* 72.1 (27.36-189.97) <0.001* 36.59 (15.79-84.74) <0.001* 33.68 (13.15-86.29) <0.001* 

Abbreviations: DDS: Disease-specific survival; RFS: Recurrence-free survival; HR: Hazard ratio; CI: Confidence interval; ESGO: European Society of 
Gynaecological Onoclogy; ESTRO: European Society for Radiotherapy and Oncology; ESP: European Society of Pathology, * P<0.05.

Discussion

In this study, the prognostic and predictive relevance of preo-
perative abnormal hematological parameters in patients with EC 
was evaluated. Anemia was identified as an independent pro-
gnostic factor for DSS, along with age and ESGO/ESTRO/ESP ‘high- 
and advanced/metastatic’ risk. Furthermore, anemia seemed an 
overall predictive factor for response to adjuvant RT, and speci-
fically for patients with ESGO/ESTRO/ESP intermediate risk who 
received solely VBT.

Although most patients with EC present with postmenopau-
sal bleeding as an early symptom, this rarely causes anemia at 
diagnosis. Hence, the development of cancer-related anemia 
in EC is more likely caused by inflammatory cytokines which re-
sults in a shortened survival of red blood cells, suppression of 
erythroid progenitor cells, impaired iron utilization, and inade-
quate Erythropoietin (EPO) production [7,25]. Anemia in patients 
with an absolute or relative EPO deficiency seems to be more 
aggressive in solid tumors [26]. Therefore, it is suggested that 
preoperative anemia in EC could be a biomarker of tumor burden 
and/or aggressive tumor behavior [25,26]. In our study cohort we 
observed that patients with anemia were significantly more often 
allocated to ESGO/ESTRO/ESP high risk group, grade 3 EC, and the 
presence of LVSI. In both univariable and multivariable DSS ana-
lysis, we found anemia as independent prognostic factor. To our 
knowledge, the presence of anemia has so far not been related 
to the ESGO/ESTRO/ESP risk groups. Previous studies did show 
a significantly higher prevalence of anemia in patients classified 
into the ESGO/ESTRO/ESP high risk group; FIGO advanced-stage, 
grade 3 EC and LVSI [16]. The 5-year RFS was significantly reduced 
in patients with anemia compared to those without anemia. 
However, anemia was not an independent prognostic factor for 
the RFS, comparable to the findings of Wilairat et al [27].

Cancer-related anemia may also cause tumor hypoxia, which 
may lead to a reduced response to RT [4,17-19]. Normally, hy-

poxia will lead to an EPO increase, however due to the cancer-as-
sociated inflammation the EPO production is insufficient and the 
iron metabolism is impaired. VBT is given for local control of the 
tumor and EBRT could be applied to control locoregional recur-
rence [19]. In patients within our study, who received RT and even 
with solely VBT within the ESGO/ESTRO/ESP intermediate risk 
group, anemia was correlated with a significantly reduced DSS. 
However, numbers were low and therefore multivariable analysis 
was not achievable. So far, no other studies including EC patients 
have been performed to compare our findings.

Three recent meta-analyses published the clinicopathological 
and/or prognostic significance of preoperative thrombocytosis in 
EC [8,9,13]. In line with our findings, a significant association of 
thrombocytosis with FIGO advanced-stage, LVSI and grade 2-3 EC 
was found [8,13]. The prognostic relevance, however, still remains 
conflicting in EC studies, probably due to different used cut-off va-
lues for thrombocytosis [8,9,13]. Comparable to our study, Njols-
tad et al. found a significant reduced DSS of patients with throm-
bocytosis [11]. However, thrombocytosis as dichotomous value 
instead of continuous platelet count was not found as indepen-
dent factor for DSS and RFS [8]. The pathophysiological mecha-
nism between tumor behavior and preoperative thrombocytosis 
is not fully elucidated [13]. The overexpression of inflammatory 
cytokines results in an increase of megakaryocyte maturation 
which causes increased platelet production [28]. Some hypothe-
size that platelets infiltrate tumor tissue and contribute to tumor 
growth by secreting pro-angiogenic factors and pro-tumorigenic 
factors, while others suggest a plateletcancer interaction facilita-
ting cancer cell migration, which contributes cancer metastasis 
[29].

The impact of leukocytosis on tumor behavior may also be 
explained by upregulation of inflammatory cytokines and he-
matopoietic growth factor through tumor cells, thus promoting 
enhanced inflammation, leukocytosis, angiogenesis and tumor 
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cell proliferation [6,30]. We observed a significant association 
between leukocytosis and the ESGO/ESTRO/ESP advanced/me-
tastatic risk group in our study cohort, however leukocytosis was 
not significant in univariable and multivariable analysis. A recent 
meta-analysis found a correlation between leukocytosis and FIGO 
advanced-stage [15], of whom only one study performed a multi-
variable analysis for RFS with comparable results as our study [14].

Due to the pro-angiogenic factors induced with elevated plate-
let and leukocyte count, its suspected that angiogenesis will lead 
to a better drug or oxygen access to tumor cells, however there 
is a lack of homogeneity of vasculature density in different parts 
of the same tumor which could affect outcome and response to 
adjuvant treatment [4]. Although we did not observe impact of 
thrombocytosis and/or leukocytosis on response to RT, included 
numbers were low. In patients with cervical cancer leukocytosis 
was related to poor response to RT, but due to differences in carci-
nogenesis it may be difficult to compare those results with EC [5].

There are some limitations inherent to the retrospective de-
sign. First, adjuvant treatment was not uniformly applied which 
could lead to differences in outcome. Second, due to the fact 
that most of our labs do not run routine complete blood count, 
platelet- and leukocyte count were not available for all included 
patients. Finally, complete molecular data according The Can-
cer Genome Atlas is not available for the patients in this cohort. 
However, within a subset of the PIPENDO cohort, we do have im-
munohistochemistry of p53 and mismatch repair proteins. Within 
patients with p53-abnormal, anemia was associated with signifi-
cant reduced DSS and RFS compared to patients with normal he-
moglobin (data not shown).

To our knowledge, this is the first study that addressed the 
relationship of all three, often routinely obtained, preoperative 
abnormal hematological parameters with clinicopathological 
characteristics and univariable and multivariable outcome in EC. 
Other strengths of this study includes its multicenter design resul-
ting in the largest patient cohort to date, and a well-documented 
and long follow-up period.

Future studies in a prospective study design, may determine 
the prognostic and/or predictive value of preoperative abnormal 
hematological markers (more specific anemia) in addition to the 
molecular markers in EC. When confirmed, studies should explore 
in more detail the cause between for example anemia and impai-
red prognosis. 

Conclusion

Our data demonstrated the independent prognostic impact 
of preoperative anemia in patients with EC. In addition, anemia 
seems to be associated as predictive biomarker for response to 
radiotherapy. It remains unclear whether preoperative anemia re-
flects tumor aggressiveness or reduced response to radiotherapy. 
So, prospective validation in a larger study cohort is needed to 
verify anemia as predictive biomarker for radiotherapy.
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