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Results: The study included 104 patients (48 LND, 56 SLN). The use of chemoradiotherapy was
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similar in the 2 cohorts (46% LND vs 50% SLN), but the use of chemotherapy alone (19% vs 36%) or
radiotherapy alone (15% vs 2%) differed. Although there was evidence of higher risk of cause-specific
death (HR, 2.10; 95% CI, 0.79—5.58; P=0.14) and lower risk of para-aortic progression (HR, 0.27; 95%

Cl, 0.05—1.42; P=0.12) for the LND group, the associations did not meet statistical significance. The risk
of progression was not significantly different between the groups (HR, 1.27; 95% CI, 0.60—2.67; P=0.53).
In parsimonious multivariable models, high-risk tumor characteristics and nonendometrioid type were
independently associated with lower cause-specific survival and progression-free survival.

Conclusions: In EC patients with nonbulky positive lymph nodes, use of the SLN algorithm with
limited nodal dissection does not compromise survival compared with LND. Aggressive pathologic fea-
tures of the primary tumor are the strongest determinants of prognosis.

© 2019 Published by Elsevier Inc.

Abbreviations: BMI, body mass index; CSS, cause-specific survival; EC, endometrial cancer; HR, hazard ratio; IQR, interquartile range; LN, lymph node; LND, lympha-
denectomy; MSKCC, Memorial Sloan Kettering Cancer Center; NCCN, National Comprehensive Cancer Network; PFS, progression-free survival; RCT, randomized controlled
trial; SLN, sentinel lymph node.
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1. Introduction

Endometrial cancer (EC) is the most frequent gynecologic can-
cer, with 61,880 new cases and 12,160 deaths estimated to occur in
the United States in 2019 [1]. Current guidelines for the treatment
of EC recommend comprehensive surgical staging including both
pelvic and para-aortic lymphadenectomy (LND) [2], yet the role of
surgical staging is still controversial among gynecologic oncolo-
gists, and staging strategies vary from no LND to systematic pelvic
plus para-aortic LND up to the renal vessels [3]. The controversy is
mainly due to the results of 2 randomized controlled trials (RCTs)
demonstrating that LND in patients with EC is not associated with
survival benefits [4,5] but is associated with higher rates of intra-
operative and postoperative complications compared with hyster-
ectomy plus bilateral salpingo-oophorectomy alone [5]. These RCTs
were highly criticized, however, because of multiple inherent
problems in their design that affect the confidence in the estimate
[6]. In contrast, several retrospective studies have shown longer
survival in patients with EC who underwent pelvic and para-aortic
LND, especially those at high risk for recurrence [7—10].

With the intent of finding a balance between risks and harms of
no nodal staging vs systematic pelvic and para-aortic LND, sentinel
lymph node (SLN) mapping [11,12] is gaining wide acceptance
among gynecologists and has been included in the National
Comprehensive Cancer Network (NCCN) guidelines as a valuable
option in the management of EC [13]. However, a few areas of
uncertainty regarding SLN mapping are still present [14], including
the role of completing the LND in the presence of positive SLNs. To
evaluate the safety of the SLN algorithm and preservation of
oncologic outcomes among patients at high risk for recurrence, we
compared survival and progression outcomes between systematic
LND and the SLN algorithm in patients with nonbulky stage IIIC EC.

2. Methods

Patients with stage IIIC EC according to the International
Federation of Gynecology and Obstetrics 2009 classification [15]
treated at 2 collaborating institutions were retrospectively identi-
fied. At Mayo Clinic, Rochester, Minnesota, a historical series
(2004—2008) was treated according to the Mayo Clinic surgical
algorithm (LND cohort) [16]. On the basis of that algorithm, patients
at risk for lymph node (LN) metastasis on the basis of frozen section
histologic evaluation of the uterus (tumor diameter > 2 cm, myo-
metrial invasion >50%, grade 3, and nonendometrioid), which ac-
counts for approximately 70% of all patients with EC, were treated
with comprehensive surgical staging including hysterectomy,
bilateral salpingo-oophorectomy, peritoneal cytologic evaluation,
and pelvic plus para-aortic LND up to the renal vessel. Systematic
pelvic and para-aortic LNDs were performed predominantly by
laparotomy. In the remaining patients who were not at risk, both
pelvic and para-aortic LND were omitted because of the negligible
risk of LN involvement (<1%) [17].

At Memorial Sloan Kettering Cancer Center (MSKCC), New York,
New York, a more contemporary series was treated using the SLN
algorithm from 2006 through 2013 (SLN cohort) [18,19]. According
to the SLN algorithm used at MSKCC, which is included in the NCCN
guidelines [13] and has been adopted by several institutions
worldwide [3], for all cases of newly diagnosed EC, the cervical
stroma was injected with either methylene blue or indocyanine
green. Any positive SLNs were removed and analyzed by a
pathologist following an institutional protocol that includes ultra-
staging with hematoxylin-eosin and immunohistochemical stain-
ing with anticytokeratin AE1/AE3 antibody (Ventana Medical
Systems, Inc.) [20]. Since the priority for SLN mapping remains the
identification of all LN metastases, if there was no detection,
bilateral pelvic LND was performed; if there was unilateral

detection, side-specific LND was performed. Any suspicious nodes
were removed. Para-aortic LND was performed at the surgeon’s
discretion.

For the purpose of this analysis, we defined “high-risk” patients
as those with a) grade 3 endometrioid disease with 50% or greater
myometrial invasion or b) nonendometrioid disease. All other pa-
tients were considered to be at “low or intermediate risk.”

For the current study, only LN metastases larger than 0.2 mm
were considered node-positive. To avoid introducing bias in the
comparison between the 2 cohorts by including patients with
isolated tumor cells detected by ultrastaging only in the SLN cohort,
and which are most likely associated with better survival outcomes
[21], we excluded these patients. In the SLN cohort, all patients with
preoperative imaging suspicious for LN metastasis (presence of
enlarged LNs) were also excluded from our comparison. Thus, to
avoid introducing bias, we also excluded from the LND cohort all
patients with enlarged and suspicious LNs at preoperative imaging
based on the RECIST criteria version 1.1 (Normal: short
axis < 10 mm; Measurable (Target): short axis > 15 mm; Nonmea-
surable: short axis 10 to <15 mm) [22] and patients without pre-
operative imaging who had bulky LNs at the time of surgery.
Patients with stage IV disease or synchronous cancer or who un-
derwent neoadjuvant therapy also were excluded from both co-
horts. Adjuvant therapy was administered per recommended
institutional guidelines and according to each patient’s values and
preferences [23]. The study was approved by the institutional re-
view boards of Mayo Clinic and MSKCC.

2.1. Data analysis

Patient and tumor variables were summarized as number
(percentage), mean (SD), or median (interquartile range [IQR]), as
appropriate. Baseline characteristics including age, body mass in-
dex (BMI), histologic findings, grade, myometrial invasion, lym-
phovascular space invasion, cervical stroma invasion, peritoneal
cytologic findings, presence of positive pelvic LNs, presence of
positive para-aortic LNs, stage, and adjuvant therapy (chemo-
therapy vs all others) were compared between the LND and SLN
cohorts using the 2-sample t test for age and BMI, the Wilcoxon
rank sum test for the number of LNs, and the y? test or Fisher exact
test for all other categorical baseline characteristics. The outcomes
of interest were cause-specific survival (CSS), overall progression-
free survival (PFS), and route-specific PFS and were estimated us-
ing the Kaplan-Meier method. Because of the different time frames
of the 2 cohorts, follow-up was restricted to the first 5 years after
surgery for the analysis of each time-to-event outcome. Baseline
characteristics were each evaluated univariately for an association
with CSS, overall PES, and lymphatic PFS, based on fitting univariate
Cox proportional hazards regression models stratified by cohort
(LND vs SLN) to allow for a different baseline hazard for each
cohort. Given that the total number of events ranged from 19 to 34
for the 3 outcomes of interest, parsimonious multivariable models
with a combination of variables that accounted for no more than 2
to 3 degrees of freedom were selected on the basis of the global
score 2 statistic. Given that the adjuvant treatment approach was
not balanced between the LND and SLN cohorts, the outcomes of
interest were compared between the 2 cohorts by fitting Cox
models with and without adjusting for adjuvant therapy. To eval-
uate whether the number of LNs removed in the SLN cohort
affected survival outcomes, we compared CSS, overall PFS, and
lymphatic PFS between patients with 10 or fewer nodes removed vs
more than 10 nodes removed using the log-rank test. Associations
were reported using the hazard ratio (HR) and corresponding 95%
CI derived from the Cox models. All calculated P values were 2-
sided, and P<0.05 was considered statistically significant.
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Statistical analyses were performed using the SAS version 9.4
software package (SAS Institute Inc.).

3. Results

A total of 1547 patients with EC were initially identified: 703 in
the Mayo Clinic LND cohort and 844 in the MSKCC SLN cohort. Of
these, 104 had positive LNs and met the specified inclusion criteria
(48 [46%] in the LND cohort, 56 [54%] in the SLN cohort) (Fig. 1).
Patients with nonbulky positive LNs (with metastases >0.2 mm)
accounted for 6.8% of the ECs in the initial LND cohort and 6.6% of
the initial SLN cohort.

Patient and tumor characteristics, extent of surgical staging, and
adjuvant therapy are shown in Table 1. Between the 2 cohorts, there
were no differences in age, histologic type, International Federation
of Gynecology and Obstetrics grade, and myometrial invasion. In
the LND cohort, BMI was significantly higher (mean, 33.5 vs
29.5kg/m? P=0.02) and the percentage of patients with lym-
phovascular space invasion was significantly lower (33% vs 84%;
P <0.001) (possibly a difference in pathologic interpretation be-
tween the institutions) [24]. As expected, there were significant
differences in the extent of surgical staging between the 2 cohorts.
Pelvic LNs were removed in 98% and 100% of patients in the LND
and SLN cohorts, respectively. However, the median number of
pelvic LNs removed was significantly higher in the LND cohort (33
vs 12 in the SLN cohort; P < 0.001). Assessment of the para-aortic
area was performed in 100% of the LND cohort and 48% of the
SLN cohort (P < 0.001), with significantly more para-aortic nodes
excised in the LND cohort (median, 18 vs 4 in the SLN cohort;
P <0.001). The type of adjuvant therapy used was not significantly
different overall (P=0.05), but the use of external-beam radio-
therapy only was significantly higher in the LND group (15% vs 2%;
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P=0.02). A total of 7 patients in the LND cohort (15%) received no
adjuvant treatment, compared with 5 (9%) in the SLN cohort. Rea-
sons for not receiving adjuvant treatment were surgical complica-
tions, patient’s decision, or more advanced disseminated disease
(brain metastases) discovered after surgery.

Within the first 5 years after surgery, 28 of 104 patients died (20
LND and 8 SLN), 20 of whom died of disease (13 LND and 7 SLN).
Among the 76 living patients, the median duration of follow-up was
3.2 (IQR, 2.3—4.7) years in the LND cohort and 2.4 (IQR, 1.5-3.6)
years in the SLN cohort. A total of 34 patients had disease pro-
gression within 5years after surgery, with the first progression
being isolated lymph nodal in 10 patients, vaginal only in 3, he-
matogenous or peritoneal, with or without vaginal, in 10, both
lymph nodal and hematogenous or peritoneal, with or without
vaginal, in 9, and an undocumented route in 2.

On univariate analysis in the entire cohort (N = 104), grade 3
cancer and “high-risk” disease (grade 3 endometrioid with myo-
metrial invasion >50% or nonendometrioid) were each significantly
associated with an increased risk of death due to disease, disease
progression, and lymphatic progression (Table 2). The risk of dis-
ease progression was significantly higher for patients who received
chemotherapy only (HR, 2.77; 95% Cl, 1.20—6.37) or radiotherapy
only (HR, 4.50; 95% CI, 1.54—13.16) compared with those who
received chemoradiotherapy (Table 2). Associated PFS is shown in
Fig. 2A. A similar pattern was observed for the risk of lymphatic
progression (Table 2, Fig. 2B). Associated CSS is shown in Fig. 2C.

In parsimonious multivariable models that included variables
for histologic type and “high risk,” both factors were independently
associated with CSS and PFS. Given the interdependency between
these 2 factors, patients were classified into 3 subgroups: a) “low/
intermediate-risk” endometrioid, b) “high-risk” endometrioid, and
c) nonendometrioid. Compared with the low/intermediate-risk

| 1,547 Patients initially identified® |

703 Patients treated at Mayo Clinic
2004-2008
(LND cohort)

639 Excluded
633 No positive LNs
6 FIGO stage IV disease

64 Patients with positive LNs

16 Excluded (enlarged and
suspicious LNs at
preoperative imaging or
bulky LNs at the time of
surgery)

48 Patients with positive LNs
>0.2 mm without enlarged LNs
suspicious for metastasis

844 Patients treated at MSKCC
2006-2013
(SLN cohort)

753 Excluded
751 No positive LNs
2 FIGO stage IV disease

91 Patients with positive LNs

35 Excluded (presence of
isolated tumor cells)

56 Patients with positive LNs
>0.2 mm without enlarged LNs
suspicious for metastasis

Fig. 1. Flow chart of the study population. ®Initial patients identified with surgical management for primary endometrial cancer at Mayo Clinic and Memorial Sloan Kettering Cancer
Center (MSKCC), without synchronous invasive cancer or neoadjuvant therapy and, in the MSKCC cohort, without gross intra-abdominal disease or bulky nodes. FIGO indicates
International Federation of Gynecology and Obstetrics; LN, lymph node; LND, lymphadenectomy; SLN, sentinel lymph node.
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Table 1
Comparison of patient and tumor characteristics, extent of surgical staging, and adjuvant therapy.”
Characteristic LND cohort (n =48) SLN cohort (n = 56) P°
Age,y 65.6 (12.1) 64.9 (11.2) 0.77
BMI, kg/m? 33.5(10.0) 29.5 (6.4) 0.02
Nonendometrioid histologic type 17 (35) 21(38) 0.83
FIGO grade 0.62
1 9(19) 15 (27)
2 15(31) 15 (27)
3 24 (50) 26 (46)
Myometrial invasion 0.99
None 4 (8) 5(9)
<50% 17 (35) 20 (36)
>50% 27 (56) 31 (55)
High risk® 23 (48) 25 (45) 0.74
Lymphovascular space invasion 16 (33) 47 (84) <0.001
Cervical stroma invasion 5(10) 9(16) 0.40
Positive peritoneal cytologic findings 16 (35) 17 (30) 0.63
(n=46)
Pelvic lymphadenectomy 47 (98) 56 (100) 0.28
No. of pelvic nodes removed
Right 18 (13-22) 5(3-9) <0.001
Left 17 (13-20) 5(2-8) <0.001
Total 33 (26—40) 12 (5-16) <0.001
Positive pelvic nodes 37 (77) 52 (93) 0.02
No. of positive pelvic nodes among those with positive nodes
Right 1(0-2) 1(0-1) 0.61
Left 1(0-1) 1(0-2) 0.51
Total 1(1-2) 1(1-2) 0.82
Para-aortic lymphadenectomy 48 (100) 27 (48) <0.001
No. of para-aortic nodes removed 18 (10-23) 4 (2-9) <0.001
Positive para-aortic nodes 25 (52) 14 (25) 0.004
No. of positive para-aortic nodes among those with positive nodes 2(1-3) 1(1-2) 0.18
Adjuvant therapy 0.05
None 7 (15) 5(9)
EBRT + brachytherapy 7 (15) 1(2)
Chemotherapy + brachytherapy 9(19) 20 (36)
Chemotherapy and EBRT =+ brachytherapy 22 (46) 28 (50)
Unknown 3(6) 2(4)

Abbreviations: +, with or without; BMI, body mass index; EBRT, external-beam radiotherapy; FIGO, International Federation of Gynecology and Obstetrics; LND, lympha-

denectomy; SLN, sentinel lymph node.
4 Values are mean (SD), No. of patients (%), or median (interquartile range).

b Comparisons between cohorts were evaluated using the 2-sample t test for age and BMI, the Wilcoxon rank sum test for the No. of nodes, and the 2 test or Fisher exact test

for all other categorical baseline characteristics.

€ High risk was defined as grade 3 endometrioid type with myometrial invasion >50% or nonendometrioid type.

endometrioid group, the risk of death due to disease was signifi-
cantly higher for patients with high-risk endometrioid disease (HR,
18.88; 95% CI, 4.57—77.90; P<0.001) or with nonendometrioid
disease (HR, 4.14; 95% CI; 1.31—-13.14; P= 0.02). Likewise, the risk of
disease progression was significantly higher for patients with high-
risk endometrioid disease (HR, 6.12; 95% CI, 2.06—18.14; P=0.001)
or nonendometrioid disease (HR, 2.33; 95% CI, 1.11—-4.91; P=0.03).

In the Cox models comparing outcomes between the LND and
SLN cohorts, both the unadjusted and adjusted analyses showed no
statistically significant differences in any of the outcomes measured
(all P>0.05) within the first 5years after surgery (Table 3).
Although not statistically significant, the risk of death due to dis-
ease was 2-fold higher in the LND cohort than the SLN cohort
(adjusted HR, 2.10; 95% CI, 0.79—5.58; P = 0.14). The relative risk of
any progression was not as high (HR, 1.27; 95% CI, 0.60—2.67;
P=0.53). In contrast, the risk of para-aortic progression was 3.7
times higher in the SLN cohort than the LND cohort (HR, 3.66; 95%
Cl, 0.70—19.03; P=0.12). Ten women overall (4/48 LND vs 6/56
SLN) had a para-aortic recurrence. Of the 4 in the LND group, 2 were
isolated para-aortic, 1 was para-aortic and hematogenous, and 1
was para-aortic, hematogenous, and peritoneal. Of the 6 in the SLN
group, 4 were isolated para-aortic, 1 was para-aortic and peritoneal,
and 1 was para-aortic, hematogenous, and peritoneal.

Evaluation of PFS, lymphatic PFS, and CSS in the SLN cohort
showed no significant differences between patients with 10 or

fewer LNs removed (n = 23) vs more than 10 LNs removed (n = 33)
(all log-rank P>0.05) (Fig. 3).

4. Discussion

The safety of the SLN algorithm with regard to preserving sur-
vival outcomes of patients with early-stage EC has been previously
reported [24,25]. To our knowledge, however, this is the first
comparative study suggesting that the extent of LND does not
significantly affect survival in patients with nonbulky positive LNs,
despite a possible increase in para-aortic recurrences. The biology
of the tumor (i.e., histologic grade and subtype) and the type of
postoperative treatment (i.e., combined vs single therapy) are
stronger predictors of overall prognosis. In fact, we observed no
evidence of benefit, in terms of CSS and PFS, in patients who had
extensive pelvic and para-aortic LN dissection compared with the
SLN algorithm. In agreement with our results, a classification and
regression tree analysis designed to identify factors influencing
overall survival in patients with EC showed that the number of LNs
removed and the assessment of the para-aortic area are not asso-
ciated with overall survival [26]. Similar to our observations in EC, a
recent international RCT comparing completion of LN dissection vs
observation in patients with node-positive melanoma reported no
increase in melanoma-specific survival for patients receiving
complete LN dissection [27]. Furthermore, after 2 RCTs [28,29]
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Table 2

Univariate analysis for factors associated with cause-specific death, disease progression, and lymphatic progression within 5 years.

Characteristic Cause-specific death®

Disease progression® Lymphatic progression®

HR (95% CI) P HR (95% CI) P HR (95% CI) P
Age, y° 1.42 (0.95-2.12) 0.08 1.26 (0.93—1.71) 0.13 NA
BMI, kg/m>® 0.84 (0.62—1.13) 0.24 0.98 (0.80—1.21) 0.87 NA
Histologic type 0.14 0.11 0.02
Endometrioid (n = 66) Ref Ref Ref
Nonendometrioid (n = 38) 1.96 (0.81—-4.76) 1.75 (0.89—3.44) 3.16 (1.24-8.09)
FIGO grade 0.005 0.006 0.008
lor2 (n=>54) Ref Ref Ref
3 (n=50) 4.93 (1.63—14.90) 2.79 (1.35-5.78) 4.04 (1.43—-11.36)
Myometrial invasion 0.15 0.60 0.30
None (n=9) Ref Ref Ref
<50% (n=37) 0.24 (0.05—1.09) 0.59 (0.20—1.74) 0.58 (0.17—1.95)
>50% (n=58) 0.74 (0.24—2.28) 0.79 (0.29-2.16) 037 (0.11-1.31)
High risk® 0.003 0.006 0.005
No (n=56) Ref Ref Ref
Yes (n=48) 5.38 (1.78—16.22) 2.69 (1.32-5.47) 4.38 (1.56—12.29)
Cervical stroma invasion 0.04 0.50 NA
No (n=90) Ref Ref
Yes (n=14) 3.42 (1.06—10.97) 1.45 (0.50—4.21)
Peritoneal cytologic findings 0.02 0.27 NA
Negative or not sampled (n=71) Ref Ref
Positive (n = 33) 3.01 (1.24—7.30) 1.48 (0.74—2.96)
No. of pelvic nodes removed 0.86 0.66 0.65
0-12 (n=36) Ref Ref Ref
13—30 (n=33) 1.31 (0.35—4.87) 1.30 (0.51-3.30) 0.95 (0.29—3.05)
>31(n=35) 1.52 (0.35-6.61) 1.70 (0.54—5.42) 1.82 (0.38—8.65)
Positive pelvic nodes 0.65 0.16 0.21
No, or pelvic LND not done (n=15) Ref Ref Ref
Yes (n=89) 1.34 (0.38—4.73) 2.38 (0.71—-7.96) 3.70 (0.48—28.37)
Para-aortic LND 0.72 0.90 0.33
No (n=29) Ref Ref Ref
Yes (n=75) 1.32 (0.29—-5.94) 0.94 (0.35—2.51) 0.54 (0.16—1.86)
No. of para-aortic nodes removed 0.98 0.68 0.21
0—-1 (n=34) Ref Ref Ref
2—11 (n=34) 1.15 (0.30—4.49) 0.68 (0.27—1.73) 0.60 (0.19—1.85)
>12 (n=36) 1.17 (0.22—6.24) 0.63 (0.19-2.11) 0.23 (0.05—-1.19)
Positive para-aortic nodes 0.38 0.09 0.52
No, or para-aortic LND not done (n =65) Ref Ref Ref
Yes (n=39) 0.66 (0.26—1.68) 0.53(0.25—-1.11) 0.73 (0.27—-1.92)
Adjuvant therapy 0.07 0.02 0.04

Chemotherapy (n=29)
Chemotherapy and EBRT (n = 50)
EBRT (n=8)

None or unknown (n=17)

2.54 (0.85—7.65)
Ref

1.61 (0.31-8.38)
498 (1.45—17.05)

2.77 (1.20-6.37)
Ref

450 (1.54—13.16)
2.93 (0.98—8.75)

3.04 (0.99—9.38)
Ref

7.81 (1.81-33.63)
2.59 (0.49—13.79)

Abbreviations: BMI, body mass index; EBRT, external-beam radiotherapy; FIGO, International Federation of Gynecology and Obstetrics; HR, hazard ratio; LND, lymphade-

nectomy; NA, not analyzed; Ref, reference.

@ Each factor was evaluated in a separate univariate Cox proportional hazards regression model, stratified by cohort (LND vs sentinel lymph node).

b HR per 10-year increase in age and per 5-unit increase in BMI.

€ High risk defined as grade 3 endometrioid type with myometrial invasion >50% or nonendometrioid type.

showed similar survival outcomes for patients with SLN biopsy
compared with complete axillary LN dissection in node-positive
breast cancer, the American Society of Clinical Oncology guide-
lines changed from recommending complete axillary dissection for
all patients with positive LNs to recommending against complete
axillary dissection in patients with fewer than 3 positive LNs [30].

In our study, the LND and SLN cohorts had no differences in
overall lymphatic progression; this suggests, as observed in a pre-
vious report [31], that comprehensive LND may not be sufficient
treatment for lymphatic dissemination. Also, our findings suggest
that postoperative adjuvant therapy is likely to at least partially
treat any residual lymphatic metastases that may have remained
after a more limited surgery. This therapeutic effect should mitigate
any potential differences in lymphatic progression possibly asso-
ciated with variations in the extent of LND.

Although the risk of a para-aortic progression was 3.7 times
higher in the SLN cohort, the rates of isolated para-aortic pro-
gressions were similar (3.6% SLN vs 4.1% LND). This finding em-
phasizes that many para-aortic progression are associated with

concomitant distant dissemination. Consistent with our study,
Aloisi et al. [32] recently observed that isolated para-aortic re-
currences in patients with stage Il1IC1 disease who did not undergo
para-aortic LND are uncommon (3.9%). Yoon et al. [33] also
observed that, although extensive para-aortic LND improved
overall survival in stage IIIC patients who received only limited
postoperative treatment (i.e., radiotherapy only), the extent of
para-aortic LND did not affect survival in patients who received
combined adjuvant therapy (i.e., both chemotherapy and
radiotherapy).

The optimal adjuvant treatment modality for stage IIIC EC re-
mains controversial. Despite the relatively high incidence of both
local and distant progression, stage IIIC ECs are not sufficiently
common to allow adequately powered clinical trials comparing
treatment modalities in this subgroup alone. These patients are
usually enrolled in clinical trials in combination with patients at
other stages of disease [34—36]. However, on the basis of data from
national registries [37] and from the recently completed PORTEC-3
trial [36], it is reasonable to treat stage IIIC patients with combined
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Fig. 2. Kaplan-Meier survival analysis for patients who received adjuvant therapy, according to type of adjuvant therapy. A, Progression-free survival. B, Lymphatic progression-free
survival. C, Cause-specific survival. Chemo indicates chemotherapy; EBRT, external-beam radiotherapy.

Table 3
Comparison of outcomes between the 2 cohorts.
Outcome Cohort No. of events within 5 years Unadjusted analysis Adjusted analysis®
HR (95% CI) P HR (95% CI) P
Death due to disease SLN (n = 56) 7 Ref Ref
LND (n=48) 13 2.18 (0.87—5.47) 0.10 2.10 (0.79—-5.58) 0.14
Any disease progression SLN (n = 56) 16 Ref Ref
LND (n=48) 18 1.45 (0.74—2.85) 0.28 1.27 (0.60—2.67) 0.53
Nonvaginal progression SLN (n =56) 15 Ref Ref
LND (n =48) 15 1.28 (0.62—2.62) 0.50 1.13 (0.51-2.50) 0.76
Lymphatic progression SLN (n=56) 11 Ref Ref
LND (n=48) 8 0.91 (0.37-2.27) 0.84 0.68 (0.24—1.97) 0.48
Para-aortic progression SLN (n = 56) 6 Ref Ref
LND (n =48) 4 0.84 (0.24—3.00) 0.79 0.27 (0.05—-1.42) 0.12
Isolated lymphatic progression SLN (n=56) 6 Ref Ref
LND (n=48) 4 0.80 (0.23—2.85) 0.73 0.74 (0.16—3.35) 0.69
HP progression SLN (n = 56) 9 Ref Ref
LND (n=48) 10 1.46 (0.59-3.59) 0.41 1.27 (0.48—3.37) 0.64

Abbreviations: HP, hematogenous or peritoneal; HR, hazard ratio; LND, lymphadenectomy; Ref, reference; SLN, sentinel lymph node.
2 Adjusted results based on fitting Cox proportional hazards models that included variables for cohort (SLN vs LND) and adjuvant therapy (none/unknown, chemotherapy
only, radiation only, or chemotherapy and radiotherapy).

chemotherapy and radiotherapy. In accordance with the data in the than the extent of LN dissection) in patients with nonbulky LN
literature, we found that the administration of chemoradiotherapy dissemination.

(vs chemotherapy only) was associated with improved PFS, which Our median of 12 pelvic LNs removed in the SLN cohort was
supports the importance of the type of adjuvant therapy (more higher than the number reported by other authors. However,



E Multinu et al. / Gynecologic Oncology 155 (2019) 177—185 183

A 100
=®
T 80
2
<
=
60 1 >10 LNs ;
8 e ——
"é'- 40 4 P=.86
Ke]
[73
3]
5 20 A
Q
o
0 T r T T )
0 1 2 3 4 5
Time After Surgery, y
No. at Risk
<10 23 17 6 3 1 0
>10 33 30 22 15 6 5

B 100 1------ >10 LNs
[]
o
v 80 4 .
ol 1
ke | —
2= 60 A
Q =
32
& Z 40 - P=21
om
©
S 20 -
€
ey
0 T T T T !
0 1 2 3 4 5
Time After Surgery, y
No. at Risk
<10 23 17 6 3 1 0
>10 33 30 22 15 6 5

>10 LNs

C 100 -
B
- 801 | ]
g ________
s <10 LNs
> 60 4
%]
o P=.98
g 40
@
[0}
S 20 4
©
o

0 T T T T !

0 1 2 3 4 5
Time After Surgery, y
No. at Risk

<10 23 19 8 3 2 1
>10 33 31 24 17 10 7
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survival. B, Lymphatic progression-free survival. C, Cause-specific survival.

according to the SLN algorithm proposed at MSKCC and published
in the NCCN guidelines, all enlarged suspicious lymph nodes should
be removed regardless of mapping, and bilateral or side-specific
lymphadenectomy should be performed in the case of no map-
ping or unilateral mapping, respectively. In addition, in the time
period of the SLN cohort, many surgeons were still on learning
curves, which may be partly responsible for the increased number
of LNs removed. However, because intraoperative frozen section is
not used at MSKCC, none of the patients in the SLN cohort received
backup LND if positive LNs were detected at frozen section.

It is important to emphasize that the algorithm used in the LND
cohort is historical and the surgical staging approach at Mayo Clinic
has changed since early 2009. First, the minimally invasive
approach replaced laparotomy, with 90% of patients undergoing
minimally invasive surgery in 2013—2014 [38]. Moreover, starting
in 2013, surgical treatment of EC has started to incorporate the use
of SLN mapping, with most current patients being treated with the
SLN algorithm [39].

It is not clear why the current study did not show the same
survival benefit of LND observed in previous retrospective studies
[7,9,10], but those studies mainly compared no or minimal LND vs
full LND, and it is likely that the group of patients who had no or
minimal LND actually included some patients with occult unde-
tected nodal disease [40] and who did not receive adjuvant therapy.
Moreover, our study excluded patients with bulky nodes. It is
possible that, in at least some of the patients with bulky nodes,
there may be a therapeutic role for surgical removal. In addition,
compared with the older studies, our series included a higher
proportion of patients who received combined adjuvant

chemotherapy and external-beam radiotherapy, which seems to be
an effective treatment in patients with LN dissemination.

This study has several limitations. First, its retrospective and
nonrandomized design may have introduced bias inherent with
such design. Also, although we included all consecutive stage IIIC
ECs treated during a long period at 2 high-volume institutions, our
study was only powered to detect large effect sizes for the out-
comes of interest (i.e., minimum detectable HRs of 2.62, 3.52, and
5.91 with 80% power and 34, 20, and 10 events, respectively, based
on a 2-sided log-rank test with type I error of 5%). However, it is
unlikely that this question will be addressed by an RCT because of
the large sample size required: Assuming that the 5-year CSS for
stage IIIC EC is 70% [41], a hypothetical noninferiority RCT with a
noninferiority margin of 5% for the CSS estimate would require
enrollment of 2868 patients with stage IIIC disease (1434 per arm).
This calculation was based on a 1-sided log-rank test with 80%
power and a type I error of 0.05, assuming a 10% exponential
dropout rate and that all patients would be followed up for 5 years
regardless of when they were enrolled. Considering that stage IIIC
accounts for approximately 11% of all ECs, a total of 26,073 patients
would need to be screened before surgery. An additional limitation
is the low number of patients with nonendometrioid type in our
study, which did not allow us to stratify the results by histologic
type.

In conclusion, our results suggest that, in patients with non-
bulky stage IIIC EC who receive appropriate adjuvant therapy (i.e.,
combined chemotherapy and radiotherapy), systematic LND may
be omitted without compromising oncologic outcomes. Of note,
this suggestion does not apply to patients with bulky and
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“suspicious” nodes, in which surgical removal may have thera-
peutic value. We also observed that, in stage IIIC EC, the type of
adjuvant therapy (chemoradiotherapy seems to provide the best
outcomes), histologic grade, and “high-risk” clinicopathologic var-
iables (“high risk” being considered as grade 3 endometrioid type
with myometrial invasion >50% or nonendometrioid type on final
pathologic analysis) are the strongest predictors of oncologic out-
comes. These results further support the use of the SLN algorithm
to identify patients with stage IIIC EC who may benefit from
adjuvant treatment or enrollment in clinical trials. With recogni-
tion of the limitations of a nonrandomized retrospective approach,
more studies are warranted to confirm our findings.
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