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Ultrastaging of Sentinel Lymph Nodes in Endometrial
Carcinoma According to Use of 2 Different Methods
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Summary: Sentinel lymph node (SLN) sampling may provide staging information without

exposing patients to risks of lymph node dissection. There is no consensus protocol for

optimal pathologic handling of these specimens. This study compares 2 ultrastaging

protocols of SLN in endometrial carcinoma (EC). All SLN were serially sectioned

perpendicular to the long axis in 2mm intervals and entirely submitted for routine

hematoxylin and eosin (H&E) processing. SLN negative by routine processing had

ultrastaging (US) by one of the following: method 1 (M1), 5 H&E levels at 250mm intervals

with 2 unstained slides at each level; pankeratin immunohistochemistry (IHC) performed on

level 1 in cases with negative H&E levels or method 2 (M2), 1 H&E level + 2 unstained

slides cut 250mm into the tissue block; pankeratin IHC performed in cases with negative

H&E. Histologic subtype, numbers of SLN, positive SLN, non-SLN, positive non-SLN, and

metastasis size were recorded. A total of 178 patients had 527 SLNs (1–16 per case; median,

2 SLN) sampled during hysterectomy for the following EC histotypes: endometrioid

International Federation of Gynecology and Obstetrics grade 1/2, 117 (66%); endometrioid

International Federation of Gynecology and Obstetrics grade 3, 18 (10%); serous, 20 (11%);

carcinosarcoma, 11 (6%); clear cell, 9 (5%); and undifferentiated, 3 (2%). In all, 172 patients

had ultrastaging: M1=65; M2=58. In total, 33 patients were SLN positive. Twenty-seven

had SLN submitted for US: M1=11; M2=16. Eleven patients had additional SLN

detected by US: M1=5; M2=6. Of these, 8 were patients whose SLN were only detected

by US representing an increase of 32% in number of patients with positive SLN. Six patients

(M1=2; M2=4) with negative SLN had a positive non-SLN. Mean size of ultrastage-

detected metastasis was 0.24mm for M1 and 0.38mm for M2. Statistical analysis comparing

M1 and M2 detected no statistically significant associations with respect to number of

positive SLN detected, size of metastasis or false-negative rate and method. The methods

performed similarly for both low-grade and high-grade EC. A more comprehensive US

protocol had no significant advantages over a single wide interval and IHC in this study

population. A pankeratin IHC stain enhances metastasis detection. Additional studies are

required to further test this limited protocol as well as to evaluate the clinical significance of

the low volume disease detected by ultrastaging. Key Words: Endometrial cancer—Sentinel

lymph node—Metastasis—Ultrastaging.

Endometrial adenocarcinoma, with approximately
60,000 new cases anticipated in 2016 (1), is the most
common gynecologic malignancy in the United States.
The demonstration of lymph node metastases in up to
18% of apparent clinical stage I endometrial adeno-
carcinomas (2) and the association of lymph node
metastases to patient outcome (3,4) has ensconced
lymph node status as an integral component to the
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staging of this disease. However, the risk of lymph
node metastases is 10% or less (3–6) in low-grade
endometrioid adenocarcinoma with <50% myome-
trial invasion (3–7), which represents the majority of
cases. Therefore, universal lymphadenectomy in cases
of endometrial cancer could possibly result in exposure
of many women to unnecessary surgical risk. Sentinel
lymph node (SLN) mapping, by targeting and remov-
ing the lymph node(s) most likely to harbor a
metastasis, offers the possibility to obtain valuable
staging information without potential increased surgi-
cal risk. Furthermore, identifying the lymph nodes at
highest risk for metastasis allows for a more thorough
pathologic evaluation (ie, ultrastaging) which would
otherwise be impracticable with a routine lymphade-
nectomy. Although reports of SLN mapping in
endometrial cancer can be found in the literature
dating back over 10 year, no consensus has been
reached regarding the optimal pathologic evaluation
of these lymph nodes. The purpose of this study is to
compare 2 ultrastaging protocols for SLNs in endo-
metrial carcinoma utilized over a 7-year period at a
single institution.

MATERIALS AND METHODS

Institutional review board approval was obtained
prior to the initiation of this study. The pathology
database of The University of Texas MD Anderson
Cancer Center was searched for cases of endometrial
carcinoma in which one or more SLNs were identified
over a period spanning 2007 to 2014. Per the standard
practice in our department for gynecologic SLN
specimens, all such lymph nodes were serially sectioned
perpendicular to the long axis at 2mm intervals and
submitted in their entirety with no more than 4 tissue
sections submitted per block. Lymph nodes were all
grossed by pathology assistants and this protocol was
followed regardless of the degree of fatty infiltration.
When all SLNs from a single site designation

(lymphatic basin) were negative following examina-
tion of the routinely processed hematoxylin and eosin
(H&E) slides, all blocks were submitted for SLN
protocol. During the study period 2 different proto-
cols were used (Fig. 1) determined by the protocol in
place at the time the case was received. In method 1, 1
H&E and 2 unstained slides were obtained at each of
5 levels cut at 250 mm intervals (total of 15 additional
slides per block). Method 2 represented an abbre-
viated version of method 1 and was instituted due to
the high volume of endometrial carcinoma cases each
with multiple SLN blocks, which exceeded the

capacity of our histology laboratory. In this method,
only 1 of the 5 additional H&E levels with the
accompanying 2 unstained slides were cut (total of 3
additional slides per block). The 250 mm interval into
the block as in method 1 was maintained. To form a
basis of comparison, it was necessary that the
abbreviated protocol also contained a deeper H&E
stained slide cut at the same interval as the first level
of method 1. In both methods, 1 unstained slide
(from first level in method 1) was submitted for a
pankeratin immunoperoxidase stain when review of
the deeper H&E section(s) failed to reveal metastatic
carcinoma. To test the efficacy of a more thorough
examination of negative SLNs, ultrastaging was
performed whenever all SLNs corresponding to a
single lymphatic basin were negative even if a
separate basin contained a positive SLN. Of note,

FIG. 1. Graphic description of method 1 (A); graphic description
of method 2 (B). H&E indicates hematoxylin and eosin; IHC,
immunohistochemistry; SLN, sentinel lymph node.
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there was no reprocessing of any blocks submitted for
SLN protocol(s) before obtaining the wide interval
slides. In addition, the slides for SLN protocols were
cut and processed by the routine histology laboratory.
Uterine factors previously associated with tumor

stage and outcome including histologic subtype, tumor
size, depth of myometrial invasion, presence of
cervical stromal involvement, and presence of lym-
phovascular space invasion were recorded. For each
case in which ultrastaging was performed, data
regarding the method of ultrastaging, number of
SLNs obtained, number of positive and negative
SLNs, number of positive and negative non-SLNs,
and metastasis size was collected. Metastasis size was
measured directly on the glass slide, and the metastasis
size (in millimeters) was recorded. For the purposes of
the official pathology report, metastases were not
further classified [ie, macrometastasis vs. micrometa-
stasis vs. isolated tumor cells (ITC)] as this system has
yet to be validated for endometrial cancer. For the
purposes of this study, metastases were categorized
based on the previously reported system for breast
carcinoma: macrometastasis, >2.0mm; micrometa-
stasis r2.0 to 0.2mm; ITC/small cell clusters
<0.2mm. Because of the technical difficulty associ-
ated with the measurement of ITC, a default value of
0.1mm was used in calculations comparing the size of
metastases detected by each method. Likewise, as
some grossly positive lymph nodes were only repre-
sentatively submitted, macrometastases Z10mm were
given a default size value of 10.0mm. The relevance of
metastasis size in SLNs in endometrial cancer cases
will be the subject of a separate report.
Isolated and small cell clusters identified on the

H&E slides were reported as metastases when they
histologically resembled the tumor cells seen in the
endometrial cancer. In equivocal cases, confirmation
of the epithelial origin for these cells was confirmed
with pankeratin. If isolated cells were identified by
cytokeratin immunohistochemistry and not seen by
H&E examination, the cells on the keratin stained
slide were compared with the primary tumor and
considered to represent a SLN metastasis only if the
nuclear features and cell size were similar to those of
the endometrial carcinoma. For the purposes of
illustration in this study, PAX8 was utilized to further
confirm a Mullerian origin of ITC.
All data were obtained from review of the pathology

report and retrospective review of all available patho-
logy slides. For all immunoperoxidase studies, the
polymeric biotin-free horseradish peroxide method on
the Leica Microsystems Bond immunohistochemistry/

ISH stainer was used. Unstained tissue section slides,
4-mm thick, as prepared per the SLN protocol from the
SLN paraffin block(s) were incubated at 601C for
20min. Following heat-induced epitope retrieval, slides
were incubated with antibody (pankeratin cocktail
composed of: cytokeratin AE1/AE3—Dako Corp.,
Carpinteria CA; 1:50, Cytokeratin CAM5.2, BD Bio-
sciences, San Jose, CA; 1:50, Cytokeratin MNF116,
Dako Corp., Carpinteria, CA; 1:50 and Cytokeratin
8&18, Invitrogen, South San Francisco, CA; 1:25; 1:100,
PAX8: Biocare Medical, BC12). The Refine Polymer
Detection kit was used for detection of bound antibody,
with 3,3-diaminobenzidine serving as the chromagen
(Leica Microsystems). Slides were counterstained with
Mayer hematoxylin. Results were evaluated with known
positive and negative tissue controls.
Data were analyzed to determine any possible

associations between the ultrastaging method and
detection of a positive SLN, the size of metastasis
detected, histologic tumor type and false-negative
rate. Because large tumor size has been associated
with false-negative SLNs at other sites (8), data were
also analyzed to determine whether any relationship
between tumor size and false-negative SLN existed in
this data set. The Chi-squared test or Fisher exact test
was used to detect the associations between the
ultrastaging method or detection of a positive SLN,
and the categorical factors of interest and Wilcoxon
rank-sum test was selected to check the associations
between the ultrastaging method or detection of a
positive SLN, and the continuous factors of interest.
All analyses were performed in SAS 9.3 for Windows
(copyright 2011 by SAS Institute Inc., Cary NC). All
statistical tests used a significance level of 5%.

RESULTS

One hundred seventy-eight patients with endome-
trial cancer underwent SLN mapping with identifica-
tion of at least 1 SLN while undergoing hysterectomy
for the following histotypes of endometrial carcino-
ma: endometrioid FIGO grade 1/2, 117 (66%);
endometrioid International Federation of Gynecology
and Obstetrics (FIGO) grade 3, 18 (10%); serous, 20
(11%); carcinosarcoma, 11 (6%); clear cell, 9 (5%);
and undifferentiated, 3 (2%). For the study popula-
tion as a whole, tumor size ranged from 0.3 to 13 cm
(median: 4 cm); 42 (24%) had >50% myometrial
invasion; 22 (12%) had cervical stromal invasion; and
65 (36.5%) had lymphovascular space invasion.
A total of 529 SLNs were evaluated. The number of

SLNs per patient ranged from 1 to 16 per case (median: 2)

3ULTRASTAGING OF SENTINEL LYMPH NODES

Int J Gynecol Pathol Vol. 00, No. 00, ’’ 2017

Copyright r 2017 International Society of Gynecological Pathologists.



with 1 SLN in 42 patients, 2 to 3 SLNs in 88 patients,
4 to 6 SLNs in 32 patients, and >6 SLNs in 16 patients.
A total of 2235 non-SLNs were also sampled. SLNs were
submitted in 1 to 10 blocks (median: 2) per SLN and in
1 to 16 blocks (median: 2) for all SLNs in a single case.
One hundred fifty-eight patients had only pelvic SLN; 14
had both pelvic and para-aortic SLNs; and 6 had only
para-aortic SLNs identified. Thirty-three (18.5%) patients
had lymph node metastases. Twenty-seven (15%) patients
had a total of 49 positive SLNs with positive pelvic SLNs
in 26 patients and both pelvic and para-aortic SLNs
positive in 1 patient. Of the 27 patients with positive
SLNs, 10 (37%) also had metastases to non-SLNs.
Uterine factors associated with lymph node metastases for
the patients with and without lymph node metastases are
summarized in Table 1 and by method in Table 2.
In total, 6 of 178 patients had positive SLNs detected

in at least 1 lymph node from each lymphatic basin
designated ‘‘sentinel’’ on the routinely processed H&E
slide and did not require ultrastaging of SLNs. Thirteen
patients had a positive SLN on initial section but also
had anatomically separate SLNs which were submitted

for SLN protocol. These patients plus the 159 patients
with all SLNs negative comprised the group of 172
patients who had negative SLN submitted for ultra-
staging by 1 of 2 methods as previously described: 65
cases by method 1; 107cases by method 2. There was no
difference between methods with respect to number of
positive SLNs detected using the Fisher exact test
(P=0.75). Of the 13 patients which also had an
anatomically separate positive SLN on initial section,
3 had additional positive SLNs detected by ultrastaging.
Of the 159 patients with all SLNs negative on initial
sectioning, 8 had positive SLNs detected by ultrastaging.
In all, 11 patients had 15 additional SLNs detected by
an ultrastaging protocol 5 patients by method 1 and 6
patients by method 2 (P=0.75). Overall, ultrastaging
protocols increased the number of patients with lymph
node metastases from 10.6% to 15.2%.
Metastasis size in the 49 positive SLNs, both those

detected by initial H&E section and by ultrastaging,
ranged from 0.1 to >10mm (mean: 2.6mm; median:
0.5mm). Eight metastases (in 5 patients) were ITC
(o0.2mm) (Fig. 2); 24 metastases (in 14 patients)

TABLE 1. Uterine Risk Factors in Patients With and Without Lymph Node (LN) Metastases

n (%)

Total Sample (N=178) Negative LNs (N=145) Positive LNs (N=33) P

Age (yr)
Mean (SD) 58.7 (11.2) 58.0 (11.0) 61.8 (11.6) 0.05*
Median (min, max) 60.0 (21.0, 86.0) 59.0 (21.0, 84.0) 64.0 (34.0, 86.0) —
o60 87 (48.9) 76 (52.4) 11 (33.3) 0.05w
Z60 91 (51.1) 69 (47.6) 22 (66.7) —

Tumor size (cm)
Mean (SD) 4.5 (2.6) 4.3 (2.6) 5.4 (2.7) 0.06*
Median (min, max) 4.0 (0.03, 13.0) 3.5 (0.3, 11.0) 4.8 (1.7, 13.0) —
r2.0 30 (18.1) 28 (20.9) 2 (6.25) 0.05w
42.0 136 (81.9) 106 (79.1) 30 (93.8) —
Unknown 12 11 1 —

Myometrial invasion (%)
Mean (SD) 28.0 (32.1) 21.6 (27.0) 56.0 (38.0) o0.0001*
Median (min, max) 14 (0.0, 100.0) 10 (0.0, 99.0) 67.0 (0.0, 100.0) —
r50 136 (76.4) 123 (84.8) 13 (39.4) o0.0001w
450 42 (23.6) 22 (15.2) 20 (60.6) —

Lymphovascular invasion
Yes 65 (36.5) 38 (26.2) 27 (81.8) o0.0001w
No 113 (63.5) 107 (73.8) 6 (18.2) —

Cervix stromal invasion
Yes 22 (12.4) 12 (8.3) 10 (30.3) 0.0005w
No 156 (87.6) 133 (91.7) 23 (69.7) —

Histotype
Endometrioid FIGO 1/2 117 (65.7) 103 (71.0) 14 (42.4) 0.0016z
Endometrioid FIGO 3 18 (10.1) 15 (10.3) 3 (9.1) —
Serous 20 (11.2) 10 (6.9) 10 (30.3) —
Clear cell 9 (5.1) 8 (5.5) 1 (3.0) —
Carcinosarcoma 11 (6.2) 7 (4.8) 4 (12.1) —
Undifferentiated 3 (1.7) 2 (1.4) 1 (3.0) —

*Wilcoxon rank-sum test.
ww2 test.
zFisher-exact test.
FIGO indicate International Federation of Gynecology and Obstetrics.
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were micrometastases (0.2–2.0mm); and 17 metastases
(in 10 patients) were macrometastases (42.0mm). Of
the 11 cases with a metastasis detected by ultrastaging,
all metastatic foci were <1.0mm in maximum
dimension. In 10 of the cases, both micrometastases
and ITC were identified on one or more H&E levels. In
1 case, ITCs were not seen on the H&E levels but
instead were identified only on a pankeratin-stained
slide. In this 1 case, the patient also had grossly positive
SLNs. The mean size of metastases detected by method
1 was 0.24mm (median: 0.2mm) and for method 2 was
0.38mm (median: 0.75mm). Comparison of these
groups by a Wilcoxon rank-sum test yielded a P-value
of 0.48. A comparison of results between methods 1
and 2 is depicted in Fig. 3.
Because all types of carcinoma were included in the

study group, we sought to determine whether a more
exhaustive method (ie, method 1) was better at detecting
ultra-low volume disease in the setting of high-risk EC
(FIGO grade 3 and nonendometrioid carcinoma). Using
a Fisher exact test, marginal evidence of an association

was found between cancer grade and the detection of a
positive SLN (P=0.06) between methods 1 and 2.
Six patients had negative SLNs (n=11) but a

positive non-SLN (false-negative SLN). The positive
non-SLN was pelvic in 4 patients, para-aortic in 1
patient and both para-aortic and pelvic in 1 patient.
In one of these patients, SLNs were identified
unilaterally and a positive pelvic non-SLN was on
the contralateral side. The remaining 5 patients either
had bilateral mapping or the positive non-SLN was
on the same side as the mapped negative SLN. In this
group of patients, there were 2 cases of endometrioid
adenocarcinoma, FIGO grade 3; 1 case of carcino-
sarcoma; 1 case of mixed serous/endometrioid
adenocarcinoma, and 1 endometrioid adenocarcino-
ma, FIGO grade 2. There was no association between
use of method 1 versus method 2 and a false-negative
SLN (P=1.00) nor was there any association
between tumor grade and a false-negative SLN
(P=0.5496). Because it has been proposed that
large tumor size may be a factor associated with

TABLE 2. Uterine Risk Factors by Method

n (%)

No Ultrastaging (N=6)y Method 1 (N=65) Method 2 (N=107) P

Age (yr)
Mean (SD) 56.6 (12.2) 60.0 (10.4) 0.48*
Median (min, max) 59.0 (21.0, 86.0) 61.0 (34.0, 84.0) —
o60 3 34 (52.3) 50 (46.7) 0.48w
Z60 3 31 (47.7) 57 (53.3) —

Tumor size (cm)
Mean (SD) 4.5 (2.6) 4.5 (2.7) 0.86*
Median (min, max) 4.0 (0.5, 12.0) 3.8 (0.3, 13.0) —
r2.0 0 12 (19.4) 18 (18.2) 0.85w
42.0 5 50 (80.6) 81 (81.8) —
Unknown 1 3 8 —

Myometrial invasion (%)
Mean (SD) 28.3 (31.9) 26.5 (30.9) 0.92*
Median (min, max) 17.0 (0.0, 100.0) 10 (0.0, 99.0) —
r50 3 50 (76.9) 83 (77.6) 0.92w
450 3 15 (23.1) 24 (22.4) —

Lymphovascular invasion
Yes 6 19 (29.2) 40 (37.4) 0.27w
No 0 46 (70.8) 67 (62.6) —

Cervix stromal invasion
Yes 2 7 (10.8) 13 (12.1) 0.78w
No 4 58 (89.2) 94 (87.9) —

Histotype
Endometrioid FIGO 1/2 1 43 (66.2) 73 (68.2) 0.07z
Endometrioid FIGO 3 0 5 (7.7) 13 (12.1) —
Serous 2 10 (15.4) 8 (7.5) —
Clear cell 1 1 (1.5) 7 (6.5) —
Carcinosarcoma 2 3 (4.6) 6 (5.6) —
Undifferentiated 0 3 (4.6) 0 (0.0) —

*Wilcoxon rank-sum test.
ww2d test.
zFisher-exact test.
yPatients without ultrastaging had all sentinel lymph node basins with at least 1 positive lymph node.
FIGO indicate International Federation of Gynecology and Obstetrics.
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false-negative SLNs in vulvar carcinoma (8), an
analysis between tumor size and false-negative rate
was undertaken. In the 6 patients with negative SLNs
and positive non-SLNs, the mean tumor size was
6.8 cm compared with the mean of 4.43 cm for the
rest of the study population which included patients
with positive and negative SLN. Marginal signifi-
cance (P=0.051) between a false-negative SLN and
tumor size was demonstrated using a Wilcoxon
2-sample test. These data, however, should be
interpreted with caution due to the small data set.

DISCUSSION

The feasibility of SLN techniques in the setting of
EC has been documented in multiple studies yet the
protocols used to evaluate the SLNs are highly
variable (9–21) (Table 3). The overall rate of lymph
node metastases detected was similarly variable;
however there is no obvious correlation between the
extent of the ultrastaging protocol and lymph node

metastasis rate. Furthermore, there appears to be a
lack of scientific rationale behind the development of
these protocols, and guidance in the gynecologic
pathology literature is limited.
Our group had previously developed a protocol

for SLN ultrastaging based on a statistical model
constructed to optimize detection of the median size
(0.9mm) of metastases <2.0mm (22) in a series of
cervical squamous cell carcinoma. We found that the
theoretical probability of detecting a 0.9mm meta-
stasis was >95% using a protocol of 5 levels (1 H&E
slide, 2 unstained slide per level) cut at 250mm
intervals. For a 0.1mm metastasis, the probability
of detection was approximately 70%. Because this
method was not based on disease biology but rather
on metastasis size, it was applied to all SLN for
gynecologic cancer at our institution. However, the
increased volume of endometrial carcinoma cases
relative to cervical carcinoma cases made such an
approach untenable leading to a modification of our
protocol for endometrial SLN (method 2). Support

TABLE 3. Select Studies of Sentinel Lymph Nodes in Endometrial Carcinoma With Ultrastaging in the Literature

References
No.

Patients Sentinel Lymph Node Protocol
False

Negative

Overall Rate of
Lymph Node
Metastases (%)

Maccauro et al. (9) 26 For all SLN, 3 H&E slides 100–500mm apart; keratin added for
serous or clear cell carcinoma

0 15.4

Delaloye et al. (10) 60 Lymph nodes sectioned at 2mm intervals; for all SLN, set of 3
sections cut every 250mm; keratin stain if H&E at each level
negative

0 15

Lopes et al. (11) 31 Lymph nodes sectioned parallel to long axis at 3mm intervals;
when initial H&E negative, keratin stain

1 pt (4%) 19.3

Perrone et al. (12) 54 Lymph nodes sectioned perpendicular to long axis at 2–3mm
intervals; multiple H&E levels of unspecified interval;
additional section for keratin stain when H&E slides negative

0 11

Bats et al. (13) 43 For all lymph nodes, 5 wide intervals at 250mm (4 H&E slides, 1
keratin stain)

0 23.2

Barranger et al. (14) 33 All lymph nodes sectioned perpendicular to long axis 3mm
intervals; all SLN: 2 sections per 4 levels 150mm apart;
keratin on 2nd section if H&E negative

0 24

Robova et al. (15) 91 All lymph nodes, 1 section per 40mm (no. H&E slides per SLN
not reported)

0 5.5

Ballester et al. (SENTI-
ENDO study) (16)

125 Lymph nodes sectioned perpendicular to long axis at 3mm
interval; for all SLN 4 levels at 200mm apart; H&E and
keratin stained slides at each level

0 (per
hemipelvis)

16

Koskas et al. (17) 187 All lymph nodes sectioned perpendicular to long axis at 3mm
intervals; for all SLN 4 levels 150mm apart; H&E and keratin
stained slides at each level

Not reported 20

Kim et al. (18) 508 When initial H&E negative, 2 additional levels 50mm apart;
H&E and keratin stained slides at each level

1 pt (0.2%) 12.6

Naoura et al. (19) 180 Lymph nodes sectioned at 3mm intervals; for all SLN 4 levels
150mm apart; H&E and keratin stained slides at each level

3 pts (9%per
hemipelvis)

14

Touhami et al. (20) 268 Lymph nodes sectioned perpendicular to long axis; 6 sections
40mm apart with slide for pankeratin immunostain between
levels 3 and 4

1 pt (2%) 17

Holloway et al. (21) 117 3 H&E sections and 1 pankeratin immunostain 50mm apart 1 pt (2.8%) 30

Of note, some groups published multiple studies, some of which had overlapping data; in such cases, the most comprehensive study was
selected.

H&E indicates hematoxylin and eosin; pt, patient; SLN, sentinel lymph node.
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for such a modification included a study (23) suggest-
ing increased detection of lymph node metastases may

be more strongly associated with targeted sampling
than to multiple H&E levels as well as a study
reporting a high positive SLN detection rate with an
even lesser protocol than our proposed modifica-
tion (11). In addition, an institutional pilot study
failed to identify occult metastases in negative
lymph nodes of patients with recurrent low-grade
endometrioid adenocarcinoma that were subjected to
5 deeper H&E levels at 250mm intervals (24). Lastly,
we noted that metastases detected by ultrastaging
were either detected on the pankeratin-stained slide
obtained from one of the unstained slides from level 1
or on the first H&E level cut 250mm into the block.
The purpose of this study was to compare the
performance of an abbreviated protocol (method 2)
to a more exhaustive protocol that originated from a
statistical model (22).
On the basis of our theoretical model, one would

expect to detect fewer metastases with method 2
compared with method 1. However, although the
number of metastatic events for each method was fairly
low, there was no significant association between
method and detection of SLN metastases in this study
cohort. The SLN specific rate of metastasis for our
study population as a whole was 15.2% (17% for
method 1 and 15% for method 2), which falls into the
reported range of lymph node metastases rates of 5.5%
to 24% (median: 15.7%). The wide range may be
explained by the combination of a preponderance of
low risk histology and lower stage tumors at the lower
end (15) and a greater proportion of high-grade tumors
with either outer half myometrial invasion and/or
cervical stromal invasion at the upper ranges. In this
study, the SLN specific metastasis rate was similar to
the median rate of the selected previously published
studies while our overall lymph node metastasis rate
was just above that at 18.5%. As it seems that the rate
of metastases was possibly more a function of patient
population than detection method, it is likely that a
slightly increased lymph node metastasis rate in this
study could be due to increased representation by
tumors with high risk histology (34% of the study
population) in our patient population. In contrast, the
presence of uterine risk factors associated with lymph
node metastases in low-risk endometrioid carcinoma,
while indeed increased in the patients who had SLN
and non-SLN metastases, were not over represented in
this cohort.
Multiple studies have shown, regardless of the

protocol used, that some form of additional examination
of SLN (ie, ‘‘ultrastaging’’) increases detection of positive
SLNs translating into the identification of additional

FIG. 2. Isolated tumor cells within the subcapsular cortex of a
lymph node, 40� (A); isolated tumor cells are highlighted by a
pankeratin stain, 40� (B); and a PAX8 stain (arrows) (C).
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patients who might otherwise have been missed by
conventional processing (14,17–20,25,26) with reported
rates of additionally upstaged patients ranging from
4.5% to 10% (17,18,20,25). There appears to be no
apparent advantage or rationale for use of one protocol
over another with respect to the detection of low volume
disease. This study similarly finds that ultrastaging
improves detection of SLN metastases with a percent
increase of 44% in the number of positive SLN
translating into the upstaging of an additional 4.6% of
patients, which is the same as that reported by the largest
study to specifically address the role of ultrastaging in
increasing the number of SLNs identified as positive (18).
Similarly, as there seems to be no apparent advantage to
any one reported protocol, we observed no significant
association between methods 1 and 2 and the detection
of a positive SLN. Although the literature findings do
support this assertion, it is important to keep in mind
that the number of events in this study is small.
Therefore these data should be interpreted with a degree
of caution. Furthermore, there was no association
detected between methods and the size of SLN meta-
stasis detected. Significantly, 19 of 27 (70%) patients in

this series had a positive SLN on the initial H&E section.
Of these, 12 had one or more lymph node metastases
>2.0mm, but 7 had metastases r2.0mm on the initial
H&E slide. For these 7 patients, the metastasis size
ranged from 0.1 to 2.0mm (mean: 0.8mm; median:
0.5mm). In our institution, all lymph nodes designated
‘‘sentinel’’ are sectioned perpendicularly to the long axis
at 2.0mm intervals. Although this method may result in
additional tissue blocks, it affords examination of the
lymph node subcapsular space and surface area to the
greatest degree. This method is also designed to detect all
metastases >2.0mm. When one takes into account the
tissue lost in obtaining the first H&E section, the
probability of detecting metastases is 100% for meta-
stases of 2.0mm and nearly 100% for those of 1.5mm
simply by sectioning lymph nodes at 2.0mm intervals.
One can see that perpendicular, serial, thin sections
as an initial step can raise the odds of detection
independent of the ultrastaging protocol. Regardless of
the protocol used, it is low volume disease that is
detected by ultrastaging (18,20,21,27,28). Recent studies
have coopted breast terminology (macrometastasis
>2.0mm, micrometastasis <2.0 to 0.2mm, and isolated

FIG. 3. Graphic representation of the SLNs submitted for method 1 and method 2. H&E indicates hematoxylin and eosin; IHC,
immunohistochemistry. Asterisk indicates 172 patients includes the group of 13 patients that had a positive SLN but also had atleast one
negative SLN basin. Per our protocol, automatically separate negative SLN basins underwent the SLN protocol.
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tumor cells <0.2mm) to describe the metastases
identified within SLN without examining the specific
size of the metastasis detected. Of the reports in which
this information is provided, 2.5% to 35% of ultrastage-
detected metastases were classified as micrometastases and
2.7% to 83% were classified as ITC (18,20,21,27,28).
Because there is no study establishing the clinical relevance
of these parameters as they might apply to endometrial
cancer, we opted to look at the measurements in detail.
For the 8 patients in our series whose SLN metastases
were detected only by ultrastaging of the SLN, the
metastasis size ranged from 0.1 to 0.75mm (mean:
0.3mm; median: 0.2mm) supporting the assertion that
ultrastaging protocols primarily detect low volume
disease. Considering the size of SLN metastases detected
by ultrastaging, the variability the protocols in which
ultrastaging increased detection (14,18,26) and the lack of
an association between methods and either metastasis
detection or size in this study, it seems likely that chance
influences the detection of submillimeter metastases in
SLN. Simply increasing the number of sections examined
either by H&E stain and/or immunoperoxidase studies in
combination with the benefit of targeted sampling,
regardless of the protocol, improves the odds of metastasis
detection.
The clinical significance of low volume disease remains

uncertain; however, there is some suggestion in the
literature that the size of the SLN metastasis might
predict the non-SLN status, that is there is a tendency
toward isolated positive SLN with smaller metastasis
size (20), which could further triage therapy or provide
additional prognostic information. Given that many of
the reported positive SLNs were low volume disease
identified by ultrastaging techniques, it is not surprising
that in many SLN studies, the only positive lymph nodes
were sentinel (9–19,26). For those studies reporting the
status of the non-SLNs (9,10,12–16), metastases were
confined or predominantly confined (475% of patients)
to the SLNs such that the rate of SLN metastases and
overall lymph node metastasis rate were similar. In
contrast, 10 of 27 (37%) patients in this study with
metastases to SLNs also had metastases in the non-SLNs.
In 8 of these cases, the patient had high risk histology
including uterine serous carcinoma in 4 patients,
carcinosarcoma in 2 patients, clear cell carcinoma in
1 patient, and undifferentiated carcinoma in 1 patient.
Two patients with endometrioid adenocarcinoma, FIGO
grade 2 had metastases to non-SLN; both of these
patients had near full thickness myometrial invasion.
Therefore, the discrepancy with respect to involvement of
non-SLN is more likely a reflection of a higher risk
population in this study.

In addition to potentially predicting the status of the
remaining non-SLNs when the SLN is positive, a
negative SLN should reflect negative lymph nodes distal
to it. Therefore, in addition to detecting metastases and
providing staging information to guide therapy, SLNs
with negative ultrastaging should predict negative non-
SLN distal to the SLN. Therefore, some could argue
that ultrastaging serves the greater role of ensuring
negative lymph nodes particularly in the setting of low-
risk EC. In studies that have examined the feasibility of
SLN in EC, the overall false-negative rate has ranged
from 0% to 57% (27). In 2 studies, the false-negative
rate was considered per hemipelvis as it was noted that
some patients had negative SLN but positive non-SLN
on the unmapped side (16,18,19). In our study,
6 patients had metastases to non-SLNs in the context
of negative SLNs. For 1 patient, the positive non-SLN
was on an unmapped side. Excluding this patient,
5 patients in our study had a ‘‘true’’ false-negative SLN.
As no association between ultrastaging method and a
false-negative SLN was found in this study and higher
false-negative rates were not associated with the most
minimal ultrastaging protocols in the literature, it is
likely that the false-negative rate is unrelated to the
protocol used. In looking at the patients with false-
negative SLNs in this study, 4 patients had high-risk
tumors (FIGO 3 endometrioid, carcinosarcoma, uterine
serous, clear cell carcinoma). Only a marginal associa-
tion was found between method type and SLN meta-
stasis detection in this setting. While this suggests that a
more exhaustive protocol could potentially perform
better with respect to detecting low volume metastases,
the clinical relevance of such in a patient population
highly likely to receive adjuvant therapy regardless of
lymph node status remains to be determined. Because
large tumor size has been associated with false-negative
SLNs in vulvar cancer (8), we evaluated whether tumor
size could be associated with a false-negative SLN and
found an association (P=0.051). Although this
information was not detailed in prior reports, in the
false-negative cases in this study, all associated tumors
were >5.0 cm. It is not possible to know the tumor size
before surgery; therefore the application of this
observation remains to be determined.
SLN techniques are an attractive alternative to

complete lymphadenectomy. In the setting of low-
grade endometrial cancer, SLN is a viable compro-
mise between no lymph node sampling and lympha-
denectomy providing valuable staging information
without the potential risk of over treatment. Targeted
sampling allows for a more thorough pathologic
examination (ie, ultrastaging) than otherwise would
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be practicable with a full lymphadenectomy. At the
time of gross examination, thin perpendicular sec-
tions, no >2.0mm thick, are of utmost importance as
this step will capture all metastases Z2.0mm. Addi-
tional study of SLNs (ultrastaging) with one or more
H&E levels improves detection of low volume
disease. A more comprehensive ultrastaging protocol
such as method 1 offered no significant advantages.
In this study, a single H&E deeper interval plus a
keratin stain captured a good number of cases. Most
of these cases were identified on the H&E slides.
Detection of ultra low volume disease (ie, ITC) was
further enhanced with the addition of a keratin
immunoperoxidase stain. However, the significance
of ultra low volume disease detected only by a keratin
stain remains to be determined. Compared with an
exhaustive protocol, the abbreviated method of
ultrastaging provides a better utilization of pathology
laboratory and staff resources and is one that could
be instituted in a pathology department of any size.
A standardized approach to SLN in endometrial
cancer will allow the study of a larger number of
cases from multiple institutions to determine the
impact of metastasis size on patient outcome.

REFERENCES
1. Siegel R, Miller KD, Jemal A. Cancer Statistics 2016. CA

Cancer J Clin 2016;66:7–30.
2. Creasman WT, Morrow CP, Bundy BN, et al. Surgical

pathologic spread patterns of endometrial cancer. A Gyneco-
logic Oncology Group study. Cancer 1987;60:2035–41.

3. Morrow CP, Bundy BN, Kurman RJ, et al. Relationship between
surgical-pathological risk factors and outcome in clinical stage I
and II carcinoma of the endometrium: a Gynecologic Oncology
Group study. Gynecol Oncol 1991;40:55–65.

4. Mariani A, Webb MJ, Rao SK, et al. Significance of
pathologic patterns of pelvic lymph node metastases in
endometrial cancer. Gynecol Oncol 2001;80:113–20.

5. Nofech S, Ghorab Z, Ismiil N, et al. Endometrial endometrioid
adenocarcinoma. A pathologic analysis of 827 consecutive
cases. Am J Clin Pathol 2008;129:110–4.

6. Milam MR, Java J, Walker JL, et al. Nodal metastasis risk in
endometrioid endometrial cancer. Obstet Gynecol 2012;119:
286–92.

7. Kumar S, Podratz KC, Bakkum-Gamez JN, et al. Prospective
assessment of the prevalence of pelvic, paraaortic and high
paraaortic lymph node metastases in endometrial cancer.
Gynecol Oncol 2014;132:38–43.

8. Levenback CF, Ali S, Coleman RL, et al. Lymphatic mapping
and sentinel lymph node biopsy in women with squamous cell
carcinoma of the vulva: a Gynecologic Oncology Group study.
J Clin Oncol 2012;30:3786–91.

9. Maccauro M, Lucignani G, Aliberti G, et al. Sentinel lymph
node detection following the hysteroscopic peritumoural
injection of 99mTc-labelled albumin nanocolloid in endometrial
cancer. Eur J Nucl Med Mol Imaging 2005;32:569–74.

10. Delaloye JF, Pampallona S, Chardonnens E, et al. Intra-
operative lymphatic mapping and sentinel node biopsy using

hysteroscopy in patients with endometrial cancer. Gynecol
Oncol 2007;106:89–93.

11. Lopes LAF, Nicolau SM, Baracat FF, et al. Sentinel lymph node
in endometrial cancer. Int J Gynecol Oncol 2007;17:1113–7.

12. Perrone AM, Casadio P, Formelli G, et al. Cervical and
hysteroscopic injection for identification of sentinel lymph
node in endometrial cancer. Gynecol Oncol 2008;111:62–7.

13. Bats AS, Clement D, Larousserie F, et al. Does sentinel node
biopsy improve the management of endometrial cancer? Data
from 43 patients. J Surg Oncol 2008;97:141–5.

14. Barranger E, Delpech Y, Coutant C, et al. Laparoscopic
sentinel node mapping using combined detection for endome-
trial cancer: a study of 33 cases–is it a promising technique? Am
J Surg 2009;197:1–7.

15. Robova H, Charvat M, Strnad P, et al. Lymphatic mapping in
endometrial cancer. Comparison of hysteroscopic and subser-
osal injection and the distribution of sentinel lymph nodes. Int
J Gynecol Cancer 2009;19:391–4.

16. Ballester M, Dubernard G, Lecuru F, et al. Detection rate and
diagnostic accuracy of sentinel node biopsy in early stage
endometrial cancer: a prospective multicentre study (SENTI-
ENDO). Lancet 2011;12:469–76.

17. Koskas M, Chereau E, Ballester M, et al. Accuracy of a
nomogram for prediction of lymph node metastasis detected
with conventional histopathology and ultrastaging in endo-
metrial cancer. Br J Cancer 2013;108:1267–72.

18. Kim CH, Soslow RA, Park KJ, et al. Pathologic ultrastaging
improves micrometastasis detection in sentinel lymph nodes
during endometrial cancer staging. Int J Gynecol Cancer
2013;23:964–70.

19. Naoura I, Canlorbe G, Bendifallah S, et al. Relevance of
sentinel lymph node procedure for patients with high-risk
endometrial cancer. Gynecol Oncol 2015;136:60–4.

20. Touhami O, Trinh XB, Gregoire J, et al. Predictors of non-
sentinel lymph node (non-SLN) metastasis in patients with
sentinel lymph node (SLN) metastasis in endometrial cancer.
Gynecol Oncol 2015;138:41–5.

21. Holloway RW, Gupta S, Stavitzski NM, et al. Sentinel lymph
node mapping with staging lymphadenectomy for patients with
endometrial cancer increases the detection of metastasis.
Gynecol Oncol 2016;141:206–10.

22. Euscher ED, Malpica A, Atkinson EN, et al. Ultrastaging
improves detection of metastases in sentinel lymph nodes of
uterine cervix squamous cell carcinoma. Am J Surg Pathol
2008;32:1336–43.

23. Schmolze D, Awtrey CS, Hecht JL. Value of additional level
sections in the evaluation of lymph nodes for endometrial
carcinoma staging. Am J Clin Pathol 2013;140:516–8.

24. Euscher ED, Masand R, Malpica A. Is recurrent endometrial
carcinoma due to occult lymph node metastases? Mod Pathol
2014;27(suppl 2):281A–282A.

25. Ballester M, Naoura I, Chereau E, et al. Sentinel node biopsy
upstages patients with presumed low and intermediate-risk
endometrial cancer: results of a multicenter study. Ann Surg
Oncol 2013;20:407–12.

26. Altgassen C, Muller N, Hornemann A, et al. Immunohisto-
chemical workup of sentinel nodes in endometrial cancer
improves diagnostic accuracy. Gynecol Oncol 2009;114:284–7.

27. Cormier B, Rozenholc AT, Gotlieb W, et al. Sentinel lymph
node procedure in endometrial cancer: a systematic review and
proposal for standardization of future research. Gynecol Oncol
2015;138:478–85.

28. St Clair CM, Eriksson AGZ, Duci JA, et al. Low-volume
lymph node metastasis discovered during sentinel lymph node
mapping for endometrial carcinoma. Ann Surg Oncol 2016;
23:1653–9.

10 E. EUSCHER ET AL.

Int J Gynecol Pathol Vol. 00, No. 00, ’’ 2017

Copyright r 2017 International Society of Gynecological Pathologists.


