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characteristics was evident between the two groups. Lym-
phovascular space invasion, deep myometrial invasion, cer-
vical involvement, and tumor diameter did not differ sig-
nificantly between the mucinous and endometrioid cases. 
Multivariate analysis confirmed that only mucinous his-
tology (OR 2.2, 95 % CI 1.1–4.5; P = 0.02) was an inde-
pendent predictor of lymph node involvement. Although 
the median DFS and OS tended to be better in the endome-
trioid group, the differences were not statistically signifi-
cant. Routine appendectomy was performed in 52 (46.2 %) 
patients with MAE. No mucinous tumor of the appendix 
was identified.
Conclusion Routine appendectomy is not necessary when 
the appendix is grossly normal at the time of surgery for 
MAE. Although the DFS and OS of EEC and MAE patients 
were similar, the risk of nodal metastasis in MAE patients 
was greater than that in ECC patients, and we thus suggest 
to perform retroperitoneal lymphadenectomy (both pelvic 
and para-aortic) for patients with MAE during the initial 
operation.

Keywords Mucinous endometrial adenocarcinoma · 
Endometrioid endometrial carcinoma · Lymph node 
metastases · Appendectomy

Introduction

Endometrial adenocarcinoma (EA) is the most common 
malignant tumor of the female genital tract in developed 
countries, in which 80–85 % of tumors are estrogen-
dependent (type-I) and 15–20 % non-estrogen-dependent 
(type-II) [1]. Mucinous adenocarcinoma of the endome-
trium (MAE) is an uncommon histological variant of endo-
metrial carcinoma, initially described by Ross et al. [2]. 

Abstract 
Purpose The purpose of this multicenter case–control 
study was to compare the demographic and clinical charac-
teristics of patients with mucinous adenocarcinoma of the 
endometrium (MAE) and endometrioid endometrial carci-
noma (EEC).
Methods A retrospective review of two cancer registry 
databases in Turkey was conducted to identify patients 
diagnosed with MAE between January 1996 and December 
2012. Each patient was matched with a control EEC patient 
by age and tumor grade. Cases and controls were compared 
in terms of known risk factors for lymph node metastasis, 
disease-free survival (DFS), and overall survival (OS).
Results The analysis included 112 patients with MAE 
and 112 with EEC. No significant difference in baseline 
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MAE accounts for 1–9 % of all uterine carcinomas [2] 
and is usually considered in patients with type I EA. Some 
experts believe that MAE is actually a variant of endome-
trioid endometrial carcinoma (EEC). This is supported by a 
common history of prior estrogen exposure, in up to 40 % 
of patients in some series [3–5].

Management of MAE has been controversial. Surgery is 
the primary treatment for MAE, but because the disease is 
rare, surgical procedures have not been well-defined. The 
Principles and Practice of Gynecologic Oncology textbook 
by Barakat et al. and the Practical Gynecological Oncol-
ogy by Berek and Hacker do not address this topic sepa-
rately [6, 7]. However, the Rare and Uncommon Gyneco-
logical Cancers textbook by Reed et al. clearly states that 
MAEs are often thought to be “low-risk” tumors on initial 
investigation, and that many are operated upon by com-
munity gynecologists; patients will thus undergo total 
hysterectomy, bilateral salpingo-oophorectomy, and wash-
ing. It is unlikely that nodal sampling or dissection will 
be performed routinely [8]. In contrast, a recent study of 
41 patients with MAE, one of the largest series published 
to date, recommended that comprehensive surgical stag-
ing including retroperitoneal node dissection should be 
strongly considered in all endometrial cancer patients with 
a predominantly mucinous histology [9]. Similar findings 
were published by Galic et al. [10].

In the present study, we retrospectively reviewed the 
clinical characteristics, management, and outcomes of 112 
patients with MAE who were treated at our two gyneco-
logical oncology departments.

Materials and methods

The databases of the gynecological oncology departments 
at Izmir Tepecik Education and Research Hospital and 
Ankara Zekai Tahir Burak Women’s Health Education 
and Research Hospital, Turkey were reviewed to identify 
patients with pathologically proven MAE who were treated 
between January 1, 1996 and December 31, 2012. This 
study was carried out in accordance with the ethical stand-
ards of the Declaration of Helsinki and was approved by 
the local ethics committee. Patients who underwent surgery 
without lymphadenectomy were excluded.

The slides of each hysterectomy and lymphadenectomy 
specimen were reviewed by pathologists in the team. MAE 
was defined by the presence of intracytoplasmic mucin in 
at least 50 % of the total tumor cell population. Lesions 
with <50 % mucinous differentiation were considered to 
exhibit “focal mucin production” or “focal mucinous fea-
tures” and were not included in the analysis. Tumors that 
were predominantly mucinous were differentiated from 
mucinous metaplasia of the endometrium by the presence 

of architectural features of carcinoma, such as villoglan-
dular or cribriform architecture [11]. In addition, patients 
with lymph node metastases (endometrioid and mucinous 
group), the presence or absence of microcystic elongated 
and fragmented (MELF)-pattern invasion was recorded 
(S.A, T.K, D.A). MELF-pattern myoinvasion is character-
ized by microcystic glands and/or elongated glands lined 
by flattened tumor cells, as described by Murray et al. [12], 
with an associated fibromixoid stromal reaction as shown 
in Figs. 1 and 2. A panel of immunohistochemical markers, 
comprising estrogen receptor (ER), and vimentin were used 
to distinguish between EA and cervical adenocarcinoma.

Fig. 1  Morphology of microcystic, elongated and fragmented 
(MELF) pattern invasion (haematoxylin and eosin ×100)

Fig. 2  Morphology of microcystic, elongated and fragmented 
(MELF) pattern invasion (haematoxylin and eosin ×400)
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The following clinical data were collected from patient 
medical, surgical, pathological, chemotherapy (CT), and 
radiotherapy (RT) reports: demographic characteristics, 
serum CA-125 level, date and type of surgical procedure, 
presence or absence of residual tumor after surgery, number 
of excised and tumor-positive lymph nodes, tumor patho-
logical characteristics (grade and size), adjuvant therapy (if 
any), date of recurrence, treatment after recurrence, date of 
last medical examination, and date of death. One age- and 
grade-matched control was selected for each case (grades 
were retrieved from the endometrioid histology database). 
Cases and controls were compared in terms of the known 
risk factors for lymph node metastasis, as well as disease-
free survival (DFS) and overall survival (OS). DFS was 
defined as the time from the date of primary surgery to the 
detection of recurrence or the latest observation. OS was 
defined as the time from the date of primary surgery to 
death or the latest observation.

Generally, in both groups, external beam radiotherapy was 
administered at a median dose of 50.4 (range 45–54) Gy in 
1.8–2.0 Gy per fraction, 5 days a week. Vaginal vault brachy-
therapy (2 × 650 cGy, prescribed to a 0.5-cm depth) was 
delivered using a vaginal applicator fitted with a high dose-
rate iridium-192 source. Patients with lymph node metastases 
received adjuvant chemotherapy, concurrent chemoradiation, 
or sequential/sandwich CT/RT. Cisplatin-based chemo-
therapy (cisplatin 75 mg/m2 in combination with paclitaxel 
175 mg/m2 or adriamycin/epirubicin 50–60 mg/m2 every 
3 weeks for a total of 4–6 courses) was also administered.

We used the International Federation of Gynecology and 
Obstetrics (FIGO) 2009 staging system for endometrial 
carcinoma. Optimal debulking was defined as any proce-
dure leaving a residual tumor <1 cm in diameter. Patients 
returned for follow-up evaluation every 3 months for the 
first 2 years, every 6 months for the next 3 years, and annu-
ally thereafter. Computed tomography or magnetic reso-
nance imaging was performed annually. Survival data were 
analyzed in December 2012.

Normality of continuous variable distributions was 
assessed using the Kolmogorov–Smirnov test. The χ2 test 
with and without Yates correction was used to analyze cat-
egorical variables, the Student’s t test was used to compare 
normally distributed variables, and the Mann–Whitney U 
test was used to analyze non-normally distributed variables. 
Odds ratios (ORs) with 95 % confidence intervals (CIs) 
were calculated. Variables identified as potential risk fac-
tors in unadjusted analyses (P < 0.05) were used to create 
a logistic regression model with lymph node metastasis as 
the dependent variable. Survival analysis was performed 
using the Kaplan–Meier method, and the results were com-
pared via the log-rank test. Cox’s regression analysis was 
used to identify factors affecting survival, and the findings 
are presented as hazard ratios. All statistical analyses were 

performed using MedCalc software (version 11.5 for Win-
dows). A P value <0.05 was considered to indicate statisti-
cal significance.

Results

During the study period, 122 patients with MAE were 
treated. Seven patients were lost to follow-up, and three 
who underwent total abdominal hysterectomy and bilateral 
salpingo-oophorectomy (TAH + BSO) only, and thus with-
out lymphadenectomy, were not included in the analysis. 
Therefore a total of 112 patients with MAE (the mucinous 
group) and 112 patients with pure EEC (the endometrioid 
group) were analyzed in the present study.

Patient demographic characteristics were similar 
between the two groups, with no differences evident in 
age, body mass index, menopausal status, the proportion of 
patients with medical co-morbidities, preoperative CA-125 
level, nulliparity, or follow-up duration (Table 1).

The surgical characteristics of both study groups are 
shown in Table 2. In the mucinous group, 28 (25.0 %) 
patients underwent TAH + BSO + bilateral pelvic lym-
phadenectomy (PLD) and 84 (75.0 %) para-aortic and 
bilateral pelvic lymphadenectomy (PPLD). In the endome-
trioid group, 30 (28.8 %) patients underwent PLD and 82 
(73.2 %) PPLD (P = 0.87). During the study period, the 
management of endometrial carcinoma varied among prac-
titioners, particularly in terms of the extent of lymphad-
enectomy: some patients had no nodes sampled, others 
had only pelvic or aortic nodes sampled, others underwent 
complete staging with PLD only, and others underwent 
complete staging with PPLD. These decisions were made 
by the individual practitioners.

The proportion of patients who underwent omentec-
tomy was similar between the mucinous and endometri-
oid groups (P = 0.67). The pathological features of the 
two groups are shown in Table 2. Lymphovascular space 
invasion (LVSI), deep myometrial invasion (>1/2), cervi-
cal involvement, and tumor diameter did not differ signifi-
cantly between the groups. The median numbers of excised 
pelvic lymph nodes and para-aortic lymph nodes were 
similar between the groups. The types of adjuvant therapy 
administered also did not differ significantly between the 
groups (Table 2). MELF-pattern invasion was demonstrated 
in 10 (76.9 %) of 13 patients with lymph node metastases 
in the endometrioid group, 1 (33.3 %) of 3 patient in muci-
nous group with lymph node metastases (P = 0.43).

The pathological features significantly associated with 
lymph node involvement upon univariate analysis included 
myometrial invasion >1/2 (OR 3.2, 95 % CI 1.1–9.3; 
P = 0.02), LVSI (OR 4.1, 95 % CI 1.2–13.1; P = 0.02), 
tumor grade (OR 3.3, 95 % CI 1.5–7.2; P = 0.04), and 
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mucinous histology (OR 2.1, 95 % CI 1.1–4.1; P = 0.01). 
Neither cervical involvement nor tumor diameter was sig-
nificantly associated with lymph node involvement. Mul-
tivariate analysis identified only mucinous histology (OR 
2.2, 95 % CI 1.1–4.5; P = 0.02) as an independent predic-
tor of lymph node involvement (Table 3).

Disease recurred in 11 (4.9 %) patients. The recur-
rence rate was 6.3 % (seven patients) in the mucinous 
group and 3.6 % (four patients) in the endometrioid group 
(P = 0.53). In the mucinous group, recurrent disease was 
located in the pelvis in two patients and had metastasized 
(to the lung, liver, or mediastinal lymph nodes) in five. In 
the endometrioid group, all recurrent diseases were identi-
fied as metastases (in the lung or liver). Such patients were 
managed using chemotherapy and hormone therapy with 
or without secondary debulking surgery. The median DFS 
was 48.0 (range 18–116) months in the mucinous group 
and 53.0 (range 6–103) months in the endometrioid group. 
Kaplan–Meier analysis revealed no significant difference in 
DFS [hazard ratios (HRs) 1.0, 95 % CI 0.7–1.3; P = 0.81; 
Fig. 3a] between the two groups. The median OS tended to 
be better in the endometrioid group [53.0 (range 24–103) 
months] than in the mucinous group [49.0 (range 20–116) 
months], but the difference was not statistically significant 
(HR 0.9, 95 % CI 0.7–1.2; P = 0.63; Fig. 3b).

We also performed separate analyses on MAE patients, 
both those that did and did not undergo an appendectomy, 
which was performed in 52 (46.2 %) patients. No muci-
nous or other tumor of the appendix was identified in any 
patient. No complications occurred during the appendec-
tomy. Kaplan–Meier analysis did not show any significant 
difference in DFS between the appendectomy [49.0 (range 
20–116) months] and non-appendectomy [48.5 (range 18–
109 months)] groups (HR 0.8, 95 % CI 0.5–1.2; P = 0.38; 
Fig. 4a). The median OS was 55.0 (range 24–109) months 
in the appendectomy group and 48.5 (range 18–119) 
months in the non-appendectomy group; this difference 
was not statistically significant (HR 0.8, 95 % CI 0.5–1.1; 
P = 0.25; Fig. 4b).

Discussion

In the present study, we retrospectively analyzed data from 
112 patients with MAE who were treated with surgery fol-
lowed by adjuvant therapy at two gynecological oncology 
centers in Turkey. Our purpose was to describe and com-
pare the demographic and clinical characteristics of MAE 
and ECC patients and to determine the optimal surgical 
approach for treatment of MAE.

Table 1  Demographic 
characteristics of the study 
stratified by histology

Values are expressed as: a mean 
[range], b n (%), c median 
[range]

Mucinous group (n = 112) Endometrioid group (n = 112) P value

Age (years)a 56.3 ± 8.8 57.0 ± 8.7 0.57

 >60b 71 (63.4) 67 (59.8)

 ≤60b 41 (36.6) 45 (40.2)

Diabetes mellitusb 0.23

 Yes 40 (35.7) 29 (25.9)

 No 69 (61.6) 81 (72.3)

 Unknown 3 (2.7) 2 (1.8)

Hypertensionb 0.46

 Yes 53 (47.3) 62 (55.4)

 No 56 (50.0) 48 (42.9)

 Unknown 3 (2.7) 2 (1.8)

Cigarette smokingb 0.27

 Yes 9 (8.0) 7 (6.3)

 No 102 (89.3) 97 (86.6)

 Unknown 3 (2.7) 8 (7.1)

Body mass index (kg/m2)a 33.1 ± 2.6 34.0 ± 3.7 0.06

Menapouseb 0.51

 Yes 99 (88.4) 93 (83.0)

 No 9 (8.0) 13 (11.6)

 Unknown 3 (3.6) 6 (5.4)

Nulliparity 2 (1.8) 8 (7.1) 0.10

Ca-125 (U/mL)a 19.8 ± 14.9 16.7 ± 16.0 0.13

Recurrenceb 7 (6.3) 4 (3.6) 0.53

Duration of follow-up (months)c 49 [12–116] 53 [20–103] 0.26
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MAE is a rare clinical entity, representing <10 % of 
uterine tumors according to most studies [2, 8–10]. Of the 
uterine cancer patients treated in our clinics, 4.0 % were 
diagnosed with MAE, in line with previous reports. Total 
hysterectomy and bilateral salpingo-oophorectomy are 
the primary treatments for patients with endometrial EA. 
The need for lymphadenectomy in EA patients remains 

controversial [2, 8–10]. Several scoring systems based on 
preoperative and operative variables have been described 
[13–17]. The most accepted is the Mayo Clinic algorithm, 
which assesses four variables via intraoperative frozen-
section analysis [17]. However, no current model evaluates 
MAE separately. Thus, the optimal surgical management of 
MAE patients is not well-defined, and the tendency is to 

Table 2  Surgical and pathologic characteristics of the study stratified by histology

Values are expressed as: a n (%), b median [range]

TAH total abdominal hysterectomy, BSO bilateral salpingo-oophorectomy, PLD pelvic lymphadenectomy, PPLD pelvic and para-aortic lym-
phadenectomy, LVSI lymphovascular space invasion, FIGO International Federation of Gynecology and Obstetrics

Mucinous group (n = 112) Endometrioid group (n = 112) P value

Surgical proceduresa 0.87

 TAH + BSO + washing cytology + PLD 28 (25.0) 30 (26.8)

 TAH + BSO + washing cytology + PPLD 84 (75.0) 82 (73.2)

Infracolic omentectomya 38 (33.9) 42 (37.5) 0.67

Appendectomya 52 (46.2) – <0.001

Gradea 1.00

 I 65 (58.0) 65 (58.0)

 II 41 (36.6) 41 (36.6)

 III 6 (5.4) 6 (5.4)

Positive lymph nodesa 13 (11.6) 3 (2.7) 0.01

Number of lymph nodes removedb

 Pelvic 21 [10–50] 19 [10–45] 0.17

 Para-aortic 12 [5–39] 11 [5–34] 0.08

LVSIa 0.39

 Yes 16 (14.3) 11 (9.8)

 No 92 (82.1) 99 (88.4)

 Unknown 4 (3.6) 2 (1.8)

Myometrial invasiona 0.55

 ≤1/2 83 (74.1) 78 (69.6)

 >1/2 29 (25.9) 34 (30.4)

Tumor diametera 0.68

 ≤2 cm 63 (56.3) 67 (59.8)

 >2 cm 49 (43.8) 45 (40.2)

Cervical involvementa 0.16

 Yes 7 (6.3) 3 (2.7)

 No 101 (90.2) 108 (96.4)

 Unknown 4 (3.6) 1 (0.9)

FIGO stagea 0.09

 Early (I and II) 98 (87.5) 106 (94.6)

 Advance (III and IV) 14 (12.5) 6 (5.4)

Radiationa

 Brachytherapy (BR) 54 (48.2) 48 (42.9) 0.50

 External beam (EB) 7 (6.3) 5 (4.5) 0.76

 BR and EB 28 (25.0) 23 (20.5) 0.52

Chemotherapya

 With radiation 12 (10.7) 5 (4.5) 0.12

 Without radiation – –
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treat such tumors in the same way as EEC tumors [6, 7, 18, 
19].

A recent analysis of a SEER (surveillance, epidemiol-
ogy, and end results) database including data on 104,659 
patients, of whom 103,097 (98.5 %) had endometrioid 
endometrial adenocarcinoma and 1,562 (1.5 %) MAE, 
showed that the extent of nodal metastasis was higher in 
patients exhibiting MAE histology. However, lymph node 
dissection was performed in only approximately 50 % of 
patients [20]. In 2012, Musa et al. compared patients with 
mucinous tumors (41 patients) and those with adenocar-
cinoma of the endometrium (82 patients) [9]. The cited 
authors found that mucinous differentiation was an inde-
pendent predictor of lymph node metastasis. However, 

lymph node sampling was not performed in approximately 
25 % of patients.

In our present study, only those patients who underwent 
retroperitoneal lymphadenectomy were included. In the 
mucinous tumor group, 25.0 % of patients underwent PLD 
and 75.0 % PPLD. In the endometrioid group, 28.8 % of 
patients underwent PLD and 73.2 % PPLD. We showed that 
although several factors affecting the incidence of lymph 
node involvement (tumor diameter >2 cm, MI >1/2, cervi-
cal involvement, grade III or LVSI) were similar between 
the two groups, the risk of lymph node metastasis was two-
fold greater than that in EEC patients if the tumor exhibited 
≥50 % mucinous differentiation. The median DFS and OS 
tended to be better in the endometrioid than the mucinous 

Table 3  Results of univariate 
and multivariate analyses 
of odds ratios in the logistic 
regression model with 
lymph node metastasis as the 
dependent variable

LVSI lymphovascular space 
invasion

Variable Univariate analysis Multivariate analysis

Odds ratio 95 % CI P Odds ratio 95 % CI P

Tumor diameter (≤2 cm vs. >2 cm) 1.0 0.3–2.8 0.97 1.3 0.4–4.6 0.59

Cervical involvement 4.0 0.7–21.3 0.09 1.8 0.1–19.1 0.60

LVSI 4.1 1.2–13.1 0.02 1.9 0.4–7.4 0.34

Myometrial Invasion (≤1/2 vs. >1/2) 3.2 1.1–9.3 0.02 2.9 0.8–10.4 0.09

Grade (I vs. II vs. III) 3.3 1.5–7.2 0.04 2.0 0.8–5.8 0.08

Histology (mucinous vs. endometrioid) 2.1 1.1–4.1 0.01 2.2 1.1–4.5 0.02

Fig. 3  a Disease-free survival curves according to histology and b 
overall survival curves according to histology

Fig. 4  a Disease-free survival curves in patients with mucinous his-
tology according to appendectomy and b overall survival curves in 
patients with mucinous histology according to appendectomy
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group, but the differences were not statistically significant. 
Similar findings were reported from a SEER data analysis 
and from Musa et al. [9, 20].

Occult metastasis to the appendix has been reported 
in patients with endometrial cancer grossly limited to the 
uterus [21]. Only two studies on this topic have appeared 
in the English-language literature [22, 23]. According to 
these studies, routine appendectomy is unnecessary dur-
ing surgical staging of endometrial cancer when the appen-
dix is grossly normal [22, 23]. However, this has not been 
evaluated in patients with mucinous adenocarcinoma of 
the uterus. In our clinics, appendectomy is not performed 
routinely during surgery to treat endometrioid, clear cell, 
or papillary serous adenocarcinomas of the uterus. Some 
oncologists still believe that routine appendectomy should 
be performed for treatment of mucinous adenocarcinomas. 
During our study period, appendectomy was performed in 
52 of 112 patients (46.2 %), and no tumors of the appendix 
were identified on final pathology. Although no complica-
tion associated with appendectomy was noted, the many 
risks associated with removal of a grossly normal appendix 
include hemorrhage, peritonitis, intra-abdominal abscess 
development, bowel perforation, and intestinal obstruction.

Since MAE is uncommon, little evidence-based litera-
ture supporting the use of adjuvant treatments is available 
[8]. In our clinics, we extrapolate from our experience with 
other endometrial tumors and use common risk criteria to 
decide whether adjuvant treatment (RT with/without CT) 
[6, 7] should be given.

Limitations of our study include its retrospective nature 
and the small sample size of MAE patients. Retrospec-
tive cohort studies are subject to selection and recall bias 
and may feature unknown confounding variables, which 
may negatively impact the accuracy of the results. Moreo-
ver, the significant improvements in surgical techniques 
made during our study period may also have affected the 
results. Despite these limitations, the similarities in demo-
graphic characteristics between the two study populations, 
the availability of good follow-up data, the performance of 
all surgeries (in two institutions) by the same two surgical 
teams, and the fact that the pathology slides were reviewed 
by an experienced gynecological pathologist all prob-
ably increased the validity of our results and mitigated any 
weaknesses.

In conclusion, the present study has two important find-
ings. First, routine appendectomy is not necessary to treat 
MAE when the appendix is grossly normal at the time of 
surgery. Second, although the DFS and OS were similar 
between EEC and MAE patients, the risk of nodal metas-
tasis of MAE is greater than that of ECC, and we thus 
suggest to perform retroperitoneal lymphadenectomy, 
including both the pelvic and para-aortic sides, should be 
performed in MAE patients during the initial surgery.

Acknowledgments We gratefully acknowledge all gynecological 
pathologists that we worked throughout the entire study period.

Conflict of interest None of the authors have any conflict of inter-
est relative to this work and this study did not receive pharmaceutical 
company support.

References

 1. Amant F, Moerman P, Neven P et al (2005) Endometrial cancer. 
Lancet 366:491–505

 2. Ross JC, Eifel PJ, Cox RS et al (1983) Primary mucinous adeno-
carcinoma of the endometrium. A clinicopathologic and histo-
chemical study. Am J Surg Pathol 7:715–729

 3. Trimble CL, Kauderer J, Zaino R et al (2006) Concurrent endo-
metrial carcinoma in women with a biopsy diagnosis of atypical 
endometrial hyperplasia: a Gynecologic Oncology Group study. 
Cancer 106:812–819

 4. Ambros RA, Sherman ME, Zahn CM et al (1995) Endometrial 
intraepithelial carcinoma: a distinctive lesion specifically associ-
ated with tumors displaying serous differentiation. Hum Pathol 
26:1260–1267

 5. Kurman RJ, Kaminski PF, Norris HJ (1985) The behavior of 
endometrial hyperplasia. A long-term study of “untreated” hyper-
plasia in 170 patients. Cancer 56:403–412

 6. Sutton G, Kavanagh J, Wolfson A et al (2005) Corpus: mesenchy-
mal tumors. In: Hoskins WJ, Perez CA, Young RC, Barakat RR, 
Markman M, Randall ME (eds) Principles and practice of gyneco-
logic oncology, 4th edn. Lippincott, Philadelphia, pp 873–894

 7. Hacker NF (2005) Uterine cancer. In: Berek JS, Hacker NF (eds) 
Practical gynecologic oncology, 5th edn. Lippincott, Philadel-
phia, pp 396–442

 8. Reed N, Green JA, Gershenson DM et al (2011) Rare and uncom-
mon gynecological cancers, 1st edn. Springer, Berlin, pp 181–182

 9. Musa F, Huang M, Adams B et al (2012) Mucinous histology is 
a risk factor for nodal metastases in endometrial cancer. Gynecol 
Oncol 125:541–545

 10. Galic V, Schiavone MB, Herzog TJ et al (2013) Prognostic sig-
nificance of mucinous differentiation of endometrioid adenocar-
cinoma of the endometrium. Cancer Invest 31:500–504

 11. Kurman RJ, Carcangiu ML, Herrington CS, et al (2014) WHO 
classification of tumors of female reproductive organs, 4th edn. 
World Health Organization

 12. Murray SK, Young RH, Scully RE (2003) Unusual epithelial and 
stromal changes in myoinvasive endometrioid adenocarcinoma: 
a study of their frequency, associated diagnostic problems, and 
prognostic significance. Int J Gynecol Pathol 22:324–333

 13. Todo Y, Okamoto K, Hayashi M et al (2007) A validation study 
of a scoring system to estimate the risk of lymph node metastasis 
for patients with endometrial cancer for tailoring the indication of 
lymphadenectomy. Gynecol Oncol 104:623–628

 14. Todo Y, Sakuragi N, Nishida R et al (2003) Combined use of 
magnetic resonance imaging, CA 125 assay, histologic type, and 
histologic grade in the prediction of lymph node metastasis in 
endometrial carcinoma. Am J Obstet Gynecol 188:1265–1272

 15. Lee KB, Ki KD, Lee JM et al (2009) The risk of lymph node 
metastasis based on myometrial invasion and tumor grade in 
endometrioid uterine cancers: a multicenter, retrospective Korean 
study. Ann Surg Oncol 16:2882–2887

 16. Kang S, Kang WD, Chung HH et al (2012) Preoperative identifi-
cation of a low-risk group for lymph node metastasis in endome-
trial cancer: a Korean gynecologic oncology group study. J Clin 
Oncol 30:1329–1334



789Int J Clin Oncol (2015) 20:782–789 

1 3

 17. AlHilli MM, Podratz KC, Dowdy SC et al (2013) Risk-scoring 
system for the individualized prediction of lymphatic dissemina-
tion in patients with endometrioid endometrial cancer. Gynecol 
Oncol 131:103–108

 18. Bogani G, Dowdy SC, Cliby WA et al (2014) Role of pelvic and 
para-aortic lymphadenectomy in endometrial cancer: current evi-
dence. J Obstet Gynaecol Res 40:301–311

 19. Di Saia PJ, Creasman WT (2012) Clinical gynecologic oncology, 
8th edn. pp 141–174

 20. Rauh-Hain JA, Vargas RJ, Clemmer J et al (2014) Mucinous 
adenocarcinoma of the endometrium compared with endometri-
oid endometrial cancer: a SEER analysis. Am J Clin Oncol (Epub 
ahead of print)

 21. Addison AB, Miller K, Hammouch D et al (2012) Appen-
diceal metastasis 10 years following ‘curative’ resection for 
low-grade primary endometrial carcinoma. BMJ Case Rep. 
pii:bcr1020114895

 22. Dilek S, Dilek U, Dede M et al (2006) The role of omentectomy 
and appendectomy during the surgical staging of clinical stage I 
endometrial cancer. Int J Gynecol Cancer 16:795–798

 23. Ozdal B, Unlu BS, Yalcin HR et al (2013) Role of omentectomy 
and appendectomy in surgical staging of endometrioid endome-
trial cancer. Eur J Gynaecol Oncol 34:322–324






	Is mucinous adenocarcinoma of the endometrium a risk factor for lymph node involvement? A multicenter case–control study
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgments 
	References


