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• We investigated the survival impact of lymph node micrometastases in endometrial cancer.
• Lymph node micrometastases are associated with adverse outcome in endometrial cancer.
• Adjuvant therapy might improve disease-free survival of patients with micrometastases.
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Background. The relationship between nodal micrometastases and clinical outcome of endometrial cancer is
unclear.

Patients and methods.We performed a multicenter, retrospective registry-based study of 2392 patients with
endometrial cancer with and without nodal micrometastases. The primary outcome measure was disease-free
survival.

Results. After exclusions, the final study involved 428 patients: 302 (70.6%) with node-negative endometrial
cancer, who did not receive adjuvant treatment, 95 (22.2%) with nodal micrometastases who received adjuvant
treatment, and 31 (7.2%) with nodal micrometastases who did not receive adjuvant treatment. The median
follow-up was 84.8 months. Without adjuvant therapy the disease-free survival in the cohort of patients with
micrometastases was significantly reduced as compared with disease-free survival in the node-negative cohort
(p = 0.0001). With adjuvant therapy the median disease-free survival of patients with nodal micrometastases
was similar with those of node-negative patients (p = 0.648). The adjusted hazard ratio for disease events
among patients with micrometastases and no adjuvant therapy, as compared with node-negative patients,
was 2.23 (95% confidence interval [CI] 1.26–3.95). In the cohort with micrometastases the relative risk of events
was significantly decreased by adjuvant therapy (HR 0.29, 95%CI 0.13–0.65) even after adjustment for age at di-
agnosis, myometrial invasion, histological grade and type, and performance status.

Conclusions. Nodal micrometastases are associated with decreased disease-free survival of patients with en-
dometrial cancer. Adjuvant therapy was associated with improved disease-free survival of patients with
micrometastases.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Endometrial cancer is the most common gynecologic cancer in the
world [1]. In 1988 the International Federation of Gynecology and
cs and Gynecology, Otto-von-
burg, Germany.
ov).
Obstetrics (FIGO) established criteria for accurate surgical staging in
endometrial cancer patients including abdominal exploration, hysterec-
tomy with salpingo-oophorectomy and pelvic and para-aortic lymph-
adenectomy [2]. The status of the pelvic and paraaortal lymph nodes
is an important prognostic factor in endometrial cancer [1] and should
be considered during treatment decision. Standard procedure to evalu-
ate the lymph node status is pelvic and paraaortal lymph node dissec-
tion [3]. A new very promising strategy to obtain an accurate lymph
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node status represents the sentinel-node biopsy [4]. The increasing use
of this technique is associated with an increasing rate of detection of
nodal micrometastases [5,6]. It has been suggested in a small cohort,
that nodal micrometastases are associated with reduced survival [6,7].
Nevertheless, the guidelines regarding nodal micrometastases in endo-
metrial cancer and especially the recommendation of adjuvant treat-
ment are insufficient. The high rate of assumed nodal micrometastases
[8,9], suggests the importance of further investigation of this topic.

The aim of this work was to evaluate the influence of nodal
micrometastases on patient outcome in regard to adjuvant
therapy.

2. Patients and methods

We investigated cases of endometrial cancer included in the prospec-
tively maintained regional cancer registry of Saxony-Anhalt, a federal
state of Germany. The tumor registry contains prospectively collected in-
formation on diagnosis, age, tumor stage, receptor status, tumor grading,
lymph node status, date of diagnosis, date of disease recurrence, site of
recurrence, date of death and the treatment regimens used [10,11]. The
registry covers a population of 1.2 million people in north Sachsen-
Anhalt. The information about the date and cause of death is automati-
cally updated into the system by the main health department shortly
after death [12]. In this cohort study we analyzed women who were di-
agnosed with endometrial cancer between January 2000 and September
2017 in 10 hospitals in Sachsen-Anhalt [13]. Among these women, we
selected only patients with a final nodal status with micrometastases
(n = 126) (Fig. 1). Patients without lymph node metastases and no ad-
juvant treatment (radiation and/or chemotherapy) (n = 302) were
used as a control. Patients with unknown lymph node status (n =
131) and not performed lymph node evaluation (n= 831), with distant
metastases (n=32), or patients with nodalmacrometastases (n=261)
Fig. 1. Study
were excluded. Patients without lymph node metastases treated with
adjuvant therapy (n = 747) were also excluded from further
investigation.

The patients eligible for analysis were divided into three groups:
patients with nodal negative endometrial cancer who did not receive
adjuvant treatment, women with nodal micrometastases who did
not receive adjuvant treatment, and patients with nodal micro-
metastases who underwent adjuvant treatment. Lymph node status
was defined as follows: lymph nodes without tumor infiltration
were reported as negative; micrometastases were defined as tumor
in lymph node with a size between N0.2 mm and ≤2.0 mm; tumor
in lymph node measured larger than 2.0 mm was reported as
macrometastasis.

The effect of micrometastases on the patient outcome was investi-
gated by the comparison of survival between patients with nodal nega-
tive disease and patients with nodal micrometastases without adjuvant
treatment. The effect of adjuvant treatment was investigated by com-
parison of survival between patients with nodal micrometastases with-
out and with adjuvant treatment. The primary outcome measure was
the rate of disease-free survival (DFS). It has been defined as the period
from the date of diagnosis to local and/or regional recurrence, distant
metastases or death from disease, whichever occurred first. Patients
who died of other causes or patients with an unknown cause of death
were censored. The follow-up either ends with the patient's death, the
last follow-up at 15.09.2014 or the last available information in the
tumor registry. The median follow-up was 84.8 months (range,
1–214 months).

Themanuscript was prepared in accordance with the STROBE state-
ment criteria [14]. The Ethical Committee of the Otto-von-Guericke Uni-
versity, Magdeburg, Germany concluded that no informed consent was
required for this retrospective, observational study. Before analysis, pa-
tient data were anonymized.
design.
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2.1. Statistical analysis

The statistical calculations were performed using SPSS version 22.0
(SPSS, Chicago, IL, USA). Correlation of variables was assessed using
Chi-square test and Student's t-test for continuous variables. Survival
probability was studied using the Kaplan-Meier method. The equality
of survival curves was tested by the log rank test. Multivariate Cox pro-
portional hazard regression analysis was used to compare the cohorts
and to adjust for known prognostic factors. The statistical analyses
were two sided and p-values of b0.05 were considered statistically
significant.

3. Results

Between January 2000 and September 2017, 2392 women with
endometrial cancer were identified. The flow-diagram reports the
study design and the number of patients at each stage of the
study (Fig. 1). After exclusions the final study involved 428 pa-
tients: 302 (70.6%) with node-negative endometrial cancer, who
did not receive adjuvant treatment, 95 (22.2%) with nodal
micrometastases who received adjuvant treatment, and 31 (7.2%)
with nodal micrometastases who did not receive adjuvant treat-
ment. The clinical and pathological characteristics of the three
groups are shown in Table 1. In the node-negative, no adjuvant
therapy group as compared with the group with micrometastases
and no adjuvant therapy, the patients were younger (p = 0.0018),
the tumors with an myometrial invasion of b50% were more fre-
quent (p = 0.012), and more of the patients received an minimal
invasive surgery (p = 0.003) and lymph-node dissection (p =
0.001). To note, SnB was more frequently observed in the group
of patients with micrometastases. The ultrastaging procedure dur-
ing sentinel node mapping is often associated with detection of
Table 1
Baseline characteristics of the patients.

Variable All patients
(N = 428)

N0 no adjuvant therapy
(N = 302)

N1 (m
(N =

Age at diagnosis (yr)
Median 69 69
Range 29–96 33–94

Myometrial invasion
≤50% 240 204 (72.1)
N50% 152 79 (27.9)

Histological grade
1 145 122 (40.8)
2 174 119 (39.8)
3 100 58 (19.4)

Histological type
Endometrioid 399 283 (94.0)
Non-endometrioid 26 18 (6.0)

ECOG status
0 to 1 348 248 (83.2)
2 to 4 76 50 (16.8)

Type of surgery
Minimal invasive 347 275 (91.1)
Laparotomy 81 27 (8.9)

Type of lymphadenectomie
SnB 12 8 (2.6)
SnB and LND 42 3 (1.0)
LND 375 291 (96.4)

No. of lymph nodes removed
Mean 22
Range 2–72

Adjuvant therapy
Radiotherapy 60 NA
Systemic therapy 7 NA
Both 27 NA

ECOG, Eastern Co-operative Oncology Group; LND, lymphadenectomy; SnB, sentinel node biop
& P value is for the comparison of N0 no adjuvant therapy cohort with N1 no adjuvant thera
§ P value is for the comparison of N1 no adjuvant therapy cohort with the N1 adjuvant ther
most micrometastases. Notably, between node-positive no adjuvant
therapy cohort and node-positive adjuvant therapy cohort the
baseline characteristics were equally distributed (Table 1).

Next, the survival effect of micrometastases was investigated. The
DFS in the group of patients withmicrometastases and no adjuvant ther-
apy was significantly reduced as compared with DFS in the node-
negative no adjuvant therapy cohort (Fig. 2A). In this cohort of patients
without adjuvant therapy the DFS rate during the follow up period was
32.3% and 73.2% for patients with and without micrometastases, respec-
tively (p = 0.0001). Interestingly, the rate of DFS was similar among
node-negative patients without adjuvant treatment and patients with
micrometastases who received an adjuvant therapy (Fig. 2B). The
rates of DFS were 73.2% and 78.9%, respectively (p = 0.648). Adjuvant
radiotherapy received 88 (92.6%) of women, of whom 67 (76.2%)
were treated with external beam radiotherapy. In 21 (23.8%) cases vag-
inal brachytherapy was added to external beam radiotherapy. Chemo-
therapy was administered to 35 (35.8%) of patients with
micrometastases. In all cases, platinum-based systemic treatment was
used.

After adjustment for other prognostic covariates (Table 2), the num-
ber of events was significantly increased in the node-positive no adju-
vant therapy cohort as compared with the node-negative no adjuvant
therapy cohort (HR 2.23, 95% CI 1.26–3.95). However, the rate of vaginal
recurrence was equal between two groups. Age at diagnosis N69 years
old, lowhistological grade and non-endometrioid typewere also associ-
ated with risk of events. In the group of patients with micrometastases
the rate of events was significantly decreased by adjuvant therapy (HR
0.29, 95% CI 0.13–0.65) even after adjustment for age at diagnosis,
myometrial invasion, histological grade and type, and performance sta-
tus (Table 2). Notably, age at diagnosis, myometrial invasion, histologi-
cal grade and type, andperformance statuswere not associatedwith the
rate of events.
i) no adjuvant therapy
31)

P value& N1 (mi) adjuvant therapy
(N = 95)

P value§

0.0018 0.070
73 69

55–89 36–92
0.012 0.151

12 (46.2) 24 (28.9)
14 (53.8) 59 (71.1)

0.380 0.252
8 (27.6) 15 (16.5)
14 (48.3) 41 (45.1)
7 (24.1) 35 (38.5)

1.000 0.359
30 (96.8) 86 (92.5)
1 (3.2) 7 (7.5)

0.454 0.800
24 (77.4) 76 (80.0)
7 (22.6) 19 (20.0)

0.003 0.095
22 (71.0) 50 (52.6)
9 (29.0) 45 (47.4)

0.0001 0.137
0 (0) 3 (3.2)

6 (19.4) 33 (34.7)
25 (80.6) 59 (62.1)

0.624 0.208
21 24

2–43 2–57

NA 61 (64.2)
NA 7 (7.4)
NA 27 (28.4)

sy.
py cohort.
apy cohort.



Fig. 2. Kaplan-Meier analysis of disease-free survival for node-negative and positive patients without adjuvant therapy (A) and for node-negative patients without adjuvant therapy and
patients with micrometastases and adjuvant therapy (B).
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4. Discussion

In the present study, we found that nodal micrometastases were as-
sociated with a reduction of DFS of patients with endometrial cancer.
The risk of events during the follow-up period increased 2-fold in com-
parisonwith node negative patients. Interestingly, the adjuvant therapy
improved DFS after adjustment for risk factors and reduced the relative
risk of events by 71%.

Nevertheless, the clinical impact of our findings remains unclear,
because this is thefirst work clearly demonstrating a benefit of adjuvant
treatment for endometrial cancer. The association of nodal micro-
metastases and unfavorable clinical outcome has been already investi-
gated for other cancers [15–22]. Conversely, various reports have not
found any significant influence of micrometastases on patients' survival
[23,24]. Concluding that the importance of micrometastases for survival
of patients with endometrial cancer is not well understood yet. How-
ever, the ever-increasing role of sentinel-node biopsy in treatment of
endometrial cancer is associated with rising rates of detection of
micrometastases and isolated tumor cells in lymph nodes [4]. This will
provoke the need for additional knowledge in this topic. The existing
Table 2
Cox proportional-hazards model of the effect of variables on events.

Variable No adjuvant therapy Micrometastases

Hazard ratio for
events
(95% CI)

P
value

Hazard ratio for
events
(95% CI)

P
value

Micrometastases
No 1.00 0.006 – NA
Yes 2.23 (1.26–3.95) –

Adjuvant therapy
No – NA 1.00 0.002
Yes – 0.29 (0.13–0.65)

Age at diagnosis (yr)
≤69 1.00 0.002 1.00 0.857
N69 2.27 (1.37–3.76) 1.08 (0.47–2.51)

Myometrial invasion
≤50% 1.00 0.274 1.00 0.565
N50% 1.28 (0.82–2.00) 1.25 (0.58–2.71)

Histological grade
1, 2 1.00 0.016 1.00 0.091
3 1.77 (1.11–2.81) 1.95 (0.900–4.22)

Histological type
Endometrioid 1.00 0.001 1.00 0.209
Non-endometrioid 3.14 (1.55–6.36) 2.26 (0.63–8.02)

ECOG status
0, 1 1.00 0.441 1.00 0.519
2, 3, 4 0.22 (0.74–2.02) 1.34 (0.55–3.29)

ECOG, Eastern Co-operative Oncology Group; LND, lymphadenectomy; SnB, sentinel node
biopsy.
data are still unsatisfactory and additional data regarding nodal
micrometastases and patients' outcome are necessary.

Similar to our data, St. Clair and co-workers have found that the on-
cological outcome of patients with micrometastases is improved by
using adjuvant therapy [6]. Isolated tumor cells and micrometastases
were identified in 14.8% patients, and the presence of low volume me-
tastases was an independent risk factor. Most of the patients with iso-
lated tumor cells and micrometastases received adjuvant treatment. In
thementioned retrospective analysis, patients with low volumemetas-
tases were treated as node positive, making an evaluation of treatment
effect difficult. In our study, a third of the patients did not receive adju-
vant therapy. Thus, we were able to evaluate the survival of patients
with untreated micrometastases. We observed a significant improve-
ment of DFS using an adjuvant treatment. After correction for different
cofactors, such as age,myometrial invasion, histological grade, histolog-
ical type, ECOG status, the unfavorable role of micrometastases regard-
ing patients' survival was confirmed. The role of micrometastases as a
prognostic factor was investigated in another retrospective study with
63 patients. Based on the small number of patients no significant differ-
ence was observed between survival of patients with and without
micrometastases [7]. However, micrometastases were identified as un-
favorable prognostic factor. In the opposite to all these findings, Plante
et al. have found that progression-free survival of patients with
micrometastases is similar to the survival of node negative patients
[5]. Additionally, patients with isolated tumor cells only have excellent
prognosis without adjuvant therapy. This discrepancy to our observa-
tion might be due to the low rate of micrometastases identified by
Plante and co-workers (2.1%) or the fact that most patients received
an adjuvant therapy, improving patients' survival. Notably, in this
study isolated tumor cells and not micrometastases were investigated
and could additionally explain the discrepancy to our results. The im-
proved survival of patients with nodal micrometastases by adjuvant
therapy observed in our study has been already confirmed for breast
cancer [22].

Limitation of our study is its retrospective character and lack of infor-
mation on isolated tumor cells in extirpated lymph nodes. Another lim-
itation is the fact that adjuvant therapy was based on decision of a
physician. However, the adjustment for important risk factors influenc-
ing treatment decision was performed to reduce the selection bias to a
minimum. However, the exact reason to omit adjuvant therapy in a
case ofmicrometastases, such as patient refusal or reduced performance
status [10]was not investigated and should be considered during the in-
terpretation of the data. Although cases with ITC were not included in
our study, the presence of not detected ITC in the patients is possible
and belongs to the limitations of our study. The strengths of the present
study are: i) large sample sizewith a long follow-up; ii) large number of
patientswithmicrometastaseswhodid not receive adjuvant treatment;
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iii) high level of external validity as nodal statuswas investigatedmulti-
centric and the study population was similar to the general population;
and iv) the exclusion criteria were kept to a minimum. An ideal trial to
investigate the survival benefit of adjuvant therapy for patients with
micrometastases should be multi-centric and including patients ran-
domized to adjuvant and no adjuvant therapy. However, for ethical rea-
sons, such a trial would not be tolerable. Therefore, the knowledge
about the therapeutic benefit in endometrial cancer with low volume
of nodal metastases should be addressed by similar large retrospective
trials with high external validity.

In conclusion, the present study demonstrates that nodal
micrometastases are associatedwithworse DFS and this unfavorable ef-
fect is increased by adjuvant therapy including radiation and chemo-
therapy. The adjuvant therapy of patients with nodal micrometastases
should be further evaluated to avoid unnecessary morbidity caused by
the aggressive adjuvant therapy.
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