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Abstract
Objective  Peritoneal mesometrial resection (PMMR) plus targeted compartmental lymphadenectomy (TCL) aims at removal 
of the locoregional cancer field in endometrial cancer (EC). Optimal locoregional control without adjuvant radiotherapy 
should be achieved concomitantly sparing systematic lymphadenectomy (LNE) for most of the patients. However, interme-
diate/high-risk EC is often definitely diagnosed postoperatively in simple hysterectomy specimen. Our aim was to evaluate 
feasibility and safety of a completing PMMR + TCL in patients following prior hysterectomy.
Methods  We evaluated data from 32 patients with intermediate/high-risk EC treated with PMMR + TCL or systematic pelvic 
and periaortic LNE following prior hysterectomy. Perioperative data on disease characteristics and morbidity were collected 
and patients were contacted for follow-up to determine the recurrence and survival status.
Results  We report data from 32 patients with a mean follow-up of 31.7 months. The recurrence rate was 12.5% (4/32) 
without any isolated locoregional recurrences. Only 21.9% of patients received adjuvant radiotherapy. Rates of intra- and 
postoperative complications were 6.3% and 18.8%, respectively.
Conclusion  Our data suggest that robotic PMMR can be performed following prior hysterectomy when previously unknown 
risk factors arise, albeit with a moderate increase in morbidity. Moreover, despite a relevant reduction of adjuvant radio-
therapy, follow-up data suggest an excellent locoregional control even without adjuvant radiotherapy.

Keywords  Endometrial cancer · Cancer field surgery · Peritoneal mesometrial resection · Sentinel node detection · Targeted 
compartmental lymphadenectomy

What does this study add to the clinical work? 

Our study provides first evidence for the feasibility 
of secondary cancer field surgery following prior 
simple hysterectomy in high-risk endometrial can-
cer. It, therefore, contributes to a tailored surgical 
treatment for these women.

Introduction

With around 11.090 newly diagnosed patients per year (fore-
cast for 2020: 10600), endometrial cancer (EC) is the 4th 
most common cancer in women in developed countries and 
the most common female genital cancer entity in Germany 
[1, 2]. In Korea, the age-standardized incidence rate per 
100.000 increased from 2.4 in 1999 to 5.7 in 2015 with 2263 
new cases diagnosed in 2015 [3]. Despite the overall good 
prognosis, around 2600 women die of the disease every year 
in Germany. In most stages, therapy consists of hysterectomy 
and bilateral salpingo-oophorectomy, followed by adjuvant 
radio- or chemotherapy according to risk factors [4]. While 
in low-risk cancers simple hysterectomy followed by obser-
vation is sufficient, systematic pelvic and periaortic lympho-
nodectomy as well as postoperative irradiation is the stand-
ard in intermediate/high-risk disease in a lot of countries. In 
the most recent guidelines, the molecular classification of 
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EC also plays a role in the determination of adjuvant therapy 
and extent of lymphadenectomy [5]. However, risk factors 
such as myometrial invasion and definitive tumor grade can 
only be confirmed in the hysterectomy specimen. Thus, a 
relevant number of patients presents with intermediate/high-
risk EC following simple hysterectomy, raising the question 
of the optimal treatment strategy for these patients.

We have published the concept and first results of cancer 
field surgery by peritoneal mesometrial resection (PMMR) 
and targeted compartmental lymphadenectomy (TCL) in 
EC earlier [6–9]. To briefly summarize the concept, it is 
important to understand that EC originates in the embryo-
logically determined Müllerian Compartment. Organ-com-
partments are derived from common precursor tissues and 
are topologically organized in defined structures—the so-
called morphogenetic fields [10]. During the development 
of organs and tissues, compartment borders remain and are 
rigidly controlled within the organism [11]. According to 
the ontogenetic theory on carcinogenesis, pathological reac-
tivation of normally blocked developmental programs dur-
ing cancer progression enables the cell to grow outside its 
own compartment step by step [12]. Whereas tumor growth 
is, therefore, restricted to a certain compartment for a long 
time, increasing malignant progression may, thus, facilitate 
tumor spread across compartment borders. The validity of 
this theory could already be demonstrated for cervical, vul-
var, and rectal cancer [13–15]. The same principles can be 
applied to the spread of tumor cells to the regional lymph 
vessels, which belong to the tumor-bearing compartment and 
originate in the embryonal veins [16].

The aim of ontogenetically defined surgical techniques 
is, thus, to achieve optimal locoregional control by com-
plete resection of the tumor-bearing compartment (“cancer 
field”). For cervical and vulvar cancer, the techniques of 
total mesometrial resection and therapeutic lymphadenec-
tomy (TMMR + tLNE) and of vulvar field resection (VFR) 
were developed and described on the basis of these concepts 
[14, 17]. The uni- and multicentric data published so far con-
vincingly support the expectation of excellent locoregional 
control without adjuvant irradiation [18–20].

In EC, removal of the cancer field consists of complete 
resection of the Müllerian compartment except of the vagina 
including the regional draining primary lymph compart-
ments containing the first line nodes. The resulting technique 
of peritoneal mesometrial resection (PMMR) by minimally 
invasive, robot-assisted surgery was published in 2013 [9]. 
First data including therapeutically intended systematic 
lymphadenectomy indicate excellent local–regional tumor 
control rates even without postoperative radiotherapy [6, 8].

However, a question of ongoing debate is the role of 
lymphadenectomy in the surgical treatment of EC due to 
enhanced perioperative morbidity and development of 
lymphedema [21]. Diagnostic sentinel lymphadenectomy 

has become a worldwide standard due to excellent data 
regarding sensitivity and safety [22, 23]. For the detection 
of sentinel nodes, indocyanine green (ICG) is regarded as 
safe and reliable [24–26].

As a consequence, the original concept of PMMR and 
complete therapeutic pelvic and paraaortic lymphadenec-
tomy has been adapted to a technique of targeted compart-
mental lymphadenectomy (TCL). This aims in resecting the 
first line nodes only including the cancer field in continuity 
from tumor to the nodes identified by the ICG stained drain-
ing lymphatic channels and sentinel nodes.

We presented first results of our compartment-based 
treatment concept via peritoneal mesometrial resection 
(PMMR) and targeted compartmental lymphadenectomy 
(TCL) earlier [6]. Given the extremely low morbidity, we 
offer PMMR + TCL to all EC patients to avoid the above-
mentioned conflicts in the case of postoperative upstaging. 
However, this is not the standard. So, how can patients who 
underwent a simple hysterectomy for intermediate/high-risk 
EC benefit from the advantages of cancer field surgery?

Being confronted with this question in our daily practice, 
we developed the concept of secondary PMMR as complet-
ing surgery after prior hysterectomy. ICG is in these cases 
injected in the vaginal stump and—in case of indications of 
periaortic TCL—the infundibulopelvic ligament. The aim of 
the study was to present first data on feasibility and onco-
logic results of the patients with intermediate/high-risk EC 
treated by PMMR + TCL/systematic lymphadenectomy after 
prior simple hysterectomy.

Materials and methods

To identify patients eligible for analysis, we performed 
a retrospective systematic search for the ICD-code C.54 
(endometrial cancer) for the years 2010 (introduction of the 
DaVinci surgical system) until 2021 among all surgically 
treated patients at the department for gynecology and obstet-
rics in our hospital’s clinical information system. Patients 
were filtered for their risk classification according to classic 
histopathological criteria as molecular characteristics were 
implemented in the national guidelines only recently. Only 
patients suffering from intermediate/high-risk EC, defined 
as stage pT1a, G3, and higher pT stages, were included in 
the analysis. All retrieved patients were manually checked 
for the procedure performed. Only patients who received 
peritoneal mesometrial resection (PMMR) including either 
systematic pelvic ± periaortic lymphadenectomy or targeted 
compartmental lymphadenectomy (TCL) following prior 
simple hysterectomy were included in the analysis.

Technically, 1 ml of ICG solution (1.66 mg/ml) were 
injected into the mesometrium on each side by injection 
through the right and left sides of the vaginal stump. In the 
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case of periaortic TCL, 1 ml of the same ICG solution was 
injected into the infundibulopelvic ligament on each side 
injecting through the abdominal wall under laparoscopic 
control.

Information on patient characteristics, intra- and periop-
erative morbidity as well as disease specifications were col-
lected from the electronic patient charts and documented 
in pseudonymized form. Postoperative complications were 
classified according to the Clavien–Dindo classification sys-
tem for postoperative complications [27].

Follow-up information was collected by checking the 
electronic patient charts for follow-up visits documenting 
survival and recurrence status. Patients, whose last follow-
up was older that three months at the time of analysis were 
contacted via telephone.

All statistical analyses were performed using SPSS Ver-
sion 27 (IBM).

Results

A total of 32 patients matched the inclusion criteria, out of 
whom 15 had received systematic pelvic ± periaortic lym-
phadenectomy and 17 were treated by PMMR + TCL. All 
patients had received prior simple hysterectomy either at 
our institution or a third-party hospital. All procedures were 
performed by a single surgeon (RK).

Periaortic nodes were evaluated in all patients who under-
went systematic lymphadenectomy and in 4/17 patients 
(23.5%) in the TCL group.

Mean patient age was 60.8 years (48–80; 7.4), mean BMI 
32.4 kg/m2 (17–45; 8.4). These characteristics did not differ 
relevantly between the systematic LNE and TCL groups. 
Mean length of stay in the whole cohort was 8.8 days (4–30; 
5.0). Patients after systematic LNE stayed at the hospital 
for 11.5 days (5–30; 5.9), while the mean length of stay was 
6.4 days (4–11; 2.1) in patients after TCL. Mean skin-to-
skin time was 236 min (75–401; 93). As expected, surgery 
lasted longer when systematic LNE was performed (291 min 

[150–401; 77.5]) than in the TCL group (187 min [75–393; 
78.2]).

The detection rate in the TCL group was 100%. Pelvic 
sentinel nodes were found at the iliac bifurcation and in the 
obturator fossa. Periaortic sentinel nodes were located in 
the interaortocaval region at the mouth of the ovarical veins.

The mean decrease in hemoglobin levels was 2.7 g/dl 
after systematic LNE compared with 2.1 g/dl after TCL. 
Patient characteristics are summarized in Table 1.

The overall intraoperative complication rate was 6.3% 
(2/32). There were no intraoperative complications in 
the TCL cohort. However, intraoperative complications 
occurred in 2/15 patients during PMMR with systematic 
LNE (13.3%). Both complications were vessel lesions which 
could be managed minimal-invasively. No conversion to 
open surgery was necessary.

Postoperative complications occurred in 18.8% of patients 
(6/32). Four of these were classified as Clavien–Dindo stage 
3 and higher, indicating the need for operative intervention. 
Postoperative complications were balanced between groups 
with three cases in the TCL as well as the systematic LNE 
cohort. Postoperative complications included vaginal cuff 
complications (n = 3) as well as postoperative hemorrhage, 
bowel perforation and excessive drainage of serous fluid 
from the surgical drainage (n = 1, respectively). Table 2 
gives an overview of the complications.

FIGO stage was I in 68.8% of patients (22/32). Five 
patients (15.6%) had FIGO stage II and III disease, respec-
tively. Positive lymph nodes were found in four patients 
(12.5%), all of which received systematic pelvic and peri-
aortic LNE.

The mean interval between hysterectomy and secondary 
PMMR was 34.4 days (6–78; 17.6).

Mean follow-up was 31.7 months (0–92; 28.8) for the 
whole cohort. In the group of patients who received sys-
tematic LNE, the mean observation time was 45.8 months 
(0–92; 35.4), while it was 19.2 months (0–40; 12.6) in the 
TCL group.

Table 1   Patient characteristics and surgical data

Total Syst. LNE TCL

Age [years] 60.8 (48–80; 7.4) [n = 32] 61.5 (53–71; 4.9) [n = 15] 60.2 (48–80; 9.1) [n = 17]
BMI [kg/m2] 32.4 (17–45; 8.4) [n = 32] 34.0 (21.5–45; 8.0) [n = 15] 30.9 (17–45; 8.7) [n = 17]
Follow-up [months] 31.7 (0–92; 28.8) [n = 32] 45.8 (0–92; 35.4) [n = 15] 19.2 (0–40; 12.6) [n = 17]
Length of stay [days] 8.8 (4–30; 5.0) [n = 32] 11.5 (5–30; 5.9) [n = 15] 6.4 (4–11; 2.1) [n = 17]
Skin-to-skin time [min] 236 (75–401; 93) [n = 32] 291 (150–401; 77.5) [n = 15] 187 (75–393; 78.2) [n = 17]
Hb-decrease
[g/dl]

− 2.4 (− 0.7–− 7.2; 1.4) [n = 31] − 2.7 (− 1.2–− 5.7; 1.1) [n = 15] − 2.1 (− 0.7–− 7.2; 1.6) [n = 16]

Lymph nodes infiltrated 1.3 (0–23; 4.5) [n = 32] 2.9 (0–23; 6.3) [n = 15] 0 [n = 17]
Lymph nodes removed 31.8 (2–99; 26.6) [n = 32] 53.7 (28–99; 23.3) [n = 15] 12.5 (2–26; 7.0) [n = 17]
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During the follow-up period, four patients (12.5%) 
experienced disease recurrence. None of the recurrences 
can be described as isolated locoregional recurrence. A 
woman with FIGO II, G3 nodal negative disease developed 
pulmonary and bone metastases two years after surgery. 
Postoperatively, she had received chemotherapy and HDR-
brachytherapy of the vaginal cuff. She lived for five more 
years before she died in 2018. Another patient, suffering 
from FIGO IIIC1, G3 EC was diagnosed with pulmonary 
metastases as well as pelvic recurrence 3.5 years after sur-
gery despite having received adjuvant pelvic irradiation 
(50 Gy) and chemotherapy and died two years later. The 
third recurrence occurred in a woman with FIGO IIIC2, 
G2 cancer (10/52 nodes, disseminated pelvic and periaor-
tic). She developed inguinal and periaortic lymph node 
metastases 2.5 years after surgery and died 1.5 years later. 
This patient had received adjuvant chemotherapy but no 
irradiation. The last recurrence occurred in a patient with 
FIGO IIIC2, G2 disease who had received adjuvant irradi-
ation (external + afterloading) as well as chemotherapy but 
who developed lymphatic and bone metastases 9 months 
after surgery. She was treated with immunotherapy but 
lived for only three more months. In total, three out of the 
four women with positive nodes experienced a recurrence.

In total, five women died during the observation period. 
In addition to the four mentioned recurring patients, this 
included a morbidly obese patient (BMI 41.4  kg/m2) 
who experienced an abdominal wall infection with pel-
vic abscess formation three months after surgery and died 
despite surgical and intensive care therapy due to septic 
shock.

To evaluate the effect the concept of cancer field sur-
gery had on adjuvant therapy, we compared the guideline 
recommendations regarding postoperative radiotherapy 
with the treatment patients received. As only intermediate/
high-risk patients were eligible for inclusion in the analy-
sis, all patients had a guideline recommendation of adjuvant 
radiotherapy. However, only nine patients (28.1%) received 
radiotherapy in our collective, thus sparing the morbidity of 

irradiation for the remaining 71.9% of women. Disease and 
treatment parameters are summarized in Table 3.

Discussion

We present here the first clinical data on the concept of sec-
ondary PMMR and lymphadenectomy in endometrial cancer 
following prior hysterectomy.

Our data indicate the general feasibility of the procedure 
with an intraoperative complication rate of 6.3%. This rate 
is substantially higher than those we reported for benign 
robotic hysterectomy as well as primary PMMR + TCL [6, 
28], perhaps reflecting the increased complexity of the pro-
cedure following prior hysterectomy. Of note, both intra-
operative complications occurred during systematic pelvic 
and periaortic lymphadenectomy, once more confirming the 
known surgical morbidity of this procedure. TCL, however, 

Table 2   Intra- and postoperative complications

Total Syst. LNE TCL

Intraoperative No 30 (93.8) 13 (86.7) 17 (100)
Complications Yes 2 (6.3) 2 (13.3) 0
Postoperative No 26 (81.3) 12 (80) 14 (82.4
Complications Yes 6 (18.8) 3 (20) 3 (17.6)
Clavien–Dindo 0 26 (81.3) 12 (80) 14 (82.4)
Grade 1 1 (3.1) 1 (6.7) 0

2 1 (3.1) 0 1 (5.9)
3a 1 (3.1) 1 (6.7) 0
3b 3 (9.4) 1 (6.7) 2 (11.8)

Table 3   Disease and treatment parameters

Total Syst. LNE TCL

FIGO stage FIGO I 22 (68.8) 8 (53.3) 14 (82.4)
IA 3 (9.4) 1 (6.7) 2 (11.8)
IB 19 (59.4) 7 (46.7) 12 (70.6)
FIGO II 4 (12.5) 3 (20) 2 (11.8)
FIGO III 5 (15.6) 4 (26.7) 1 (5.9)
IIIA 2 (6.3) 1 (6.7) 1 (5.9)
IIIC1 1 (3.1) 1 (6.7) 0
IIIC2 3 (9.4) 3 (20) 0

pT stage 1a 3 (9.4) 1 (6.7) 2 (11.8)
1b 20 (62.5) 8 (53.3) 12 (70.6)
2 6 (18.8) 4 (26.7) 2 (11.8)
3a 2 (6.3) 1 (6.7) 1 (5.9)
3b 1 (3.1) 1 (6.7) 0

Nodal status pN0 28 (87.5) 11 (73.3) 17 (100)
pN1 1 (3.1) 1 (6.7) 0
pN2 2 (9.4) 3 (20) 0

Histopathologic grading G1 4 (12.5) 1 (6.7) 3 (17.6)
G2 20 (62.5) 9 (60) 11 (64.7)
G3 8 (25) 5 (33.3) 3 (17.6)

Adjuvant radiotherapy No 23 (71.9) 7 (46.7) 16 (93.7)
Yes 9 (28.1) 8 (53.3) 1 (6.3)

Adjuvant chemotherapy No 20 (62.5) 8 (53.3) 12 (70.6)
Yes 12 (37.5) 7 (46.7) 5 (29.4)

Distant metastases No 28 (87.5) 11 (73.3) 17 (100)
Yes 4 (12.5) 4 (26.7) 0

Isolated pelvic recur-
rence

No 32 (100) 15 (100) 17 (100)

Yes 0 0 0
Death No 27 (84.4) 10 (66.7) 17 (100)

Yes 5 (15.6) 5 (33.3) 0
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could be performed without intraoperative complications in 
all patients.

Also, the postoperative complication rate is higher than 
one would expect in primary surgery for endometrial can-
cer. In our 2021 publication of 51 EC patients treated with 
PMMR + TCL, we observed a postoperative complication 
rate of 13.7%. Again, it can be expected that the status post 
hysterectomy increases surgical morbidity in comparison to 
primary operated patients. Especially vaginal cuff insuffi-
ciencies might be higher when the vaginal cuff is opened 
and re-sutured after prior hysterectomy. However, the rate of 
12.5% complications of Clavien–Dindo Grade 3 and higher 
seems reasonable when compared to data from the literature. 
In a randomized controlled trial of laparoscopic vs. roboti-
cally assisted surgery in EC including 99 patients, Mäenpää 
et al. found a rate of 10% major early complications in the 
robotic group [29]. In a retrospective cohort study of 1433 
women with a diagnosis of complex atypical hyperplasia and 
endometrial cancer managed by minimally invasive hyster-
ectomy and surgical staging from January 2009 to January 
2014, Barrie et al. reported a postoperative complication rate 
(any grade) of 21.7% in the robotic cohort[30].

The overall recurrence rate in our cohort was 12.5% 
during a mean observation time of 31.7 months. This is 
in line with the general recurrence rate of around 13% for 
endometrial cancer of all risk stratifications [31]. As most 
recurrences occur during the first two years after primary 
treatment, we do not expect a significant increase in recur-
rences in a longer observational period [32, 33]. It must 
be noted that even though postoperative radiotherapy was 
spared in 72% of patients, no isolated locoregional recur-
rence occurred, indicating the achievement of excellent 
locoregional tumor control by cancer field surgery in these 
intermediate- and high-risk tumors. Seventy-five percent 
(3/4) of the patients who recurred did so despite having 
received postoperative irradiation. The patient who did 
not receive radiotherapy but developed a recurrence was 
an extremely high-risk case (FIGO IIIC, 10 lymph nodes 
involved) and recurred with inguinal lymph node metastases 
which represent distant metastases and could not be avoided 
by irradiation.

In conclusion, our findings suggest that cancer field 
surgery via secondary PMMR and LNE in intermediate/
high-risk EC following simple hysterectomy is feasible. In 
addition, it seems to provide equally excellent locoregional 
control without adjuvant radiotherapy even when performed 
as a secondary procedure following prior hysterectomy.

However, postoperative morbidity is relevantly increased 
compared to primary surgery due to the complexity of the 
procedure and the specific challenges of the recently oper-
ated situs. Moreover, this study represents a small number 
of cases spanning a long time period. As the approach to 
lymphadenectomy has changed between 2011 and 2021, the 

collective is not homogenous as to the type of LNE per-
formed. These results can, therefore, only serve as hypoth-
esis generating. Thus, our primary strategy is to offer 
PMMR + TCL to all EC patients regardless of preoperative 
risk assessment to ensure the benefits of cancer field surgery 
without increasing morbidity.
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