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• MELF pattern of invasion is identified in 13.1% of early-stage endometrial cancer.
• MELF invasion is associated with low-grade endometrial cancer.
• MELF invasion is predominantly seen in CTNNB1 wild type no-specific-molecular-profile endometrial cancer.
• MELF invasion has no independent prognostic impact.
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Objective. Microcystic, elongated fragmented (MELF) pattern of myometrial invasion is a distinct histologic
feature occasionally seen in low-grade endometrial carcinomas (EC). The prognostic relevance of MELF invasion
was uncertain due to conflicting data, and it had not yet appropriately been studied in the context of the
molecular EC classification. We aimed to determine the relation of MELF invasion with clinicopathological and
molecular characteristics, and define its prognostic relevance in early-stage low/intermediate risk EC.

Methods. Single whole tumor slides of 979 (85.8%) out of 1141 (high)intermediate-risk EC of women who
participated in the PORTEC-1/−2 trials were available for review. Clinicopathological and molecular features
were compared between MELF invasion positive and negative cases. Time-to-event analyses were done by
Kaplan-Meier method, log-rank tests and Cox’ proportional hazards models.

Results. MELF invasion was found in 128 (13.1%) cases, and associated with grade 1–2 histology, deep
myometrial invasion and substantial lymph-vascular space invasion (LVSI). 85.6% of MELF invasion positive
tumors were no-specific-molecular-profile (NSMP) EC. NSMP EC with MELF invasion were CTNNB1 wild type
in 92.2% and KRAS mutated in 24.4% of cases. Risk of recurrence was lower for MELF invasion positive as com-
pared to MELF invasion negative cases (4.9% vs. 12.7%, p=0.026). However, MELF invasion had no independent
impact on risk of recurrence (HR 0.65, p = 0.30) after correction for clinicopathological and molecular factors.

Conclusions. MELF invasion has no independent impact on risk of recurrence in early-stage EC, and is fre-
quently observed in low-grade NSMP tumors. Routine assessment of MELF invasion has no clinical implications
and is not recommended.

© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

A specific type of invasion pattern is occasionally observed at the
invasive front of endometrial cancer (EC) specimens; a pattern of elon-
gated, dilated or fragmented glands, and typically lined by an attenu-
ated epithelium, known by its acronym MELF (microcystic, elongated
and fragmented) pattern of myometrial invasion [1]. Based on its
histological aspects, it was initially suspected that MELF invasion could
be a result of a tumor degenerative process [1]. However, subsequent
studies notedmorphological and immunohistochemical similarities be-
tween MELF invasion and a specific tumor-stroma interaction. This led
to the suggestion that this process could be similar to epithelium-
mesenchymal transition (EMT). Subsequently alterations in cell-cycle
proteins, hormone receptors, cell-adhesion elements and molecular
alterations, such asKRAS, have been described in the context ofMELF in-
vasion [2–7]. Since EMT has been associated with poor prognostic pa-
rameters in multiple cancers, several studies have been conducted to
determine whether MELF invasion could be a phenotype of EMT and
as suchprognostic in EC [8,9]. Based on current literature,MELF invasion
positive tumors are mostly low-grade with deep myometrial invasion,
and are associated with adverse histological findings, such as lymph-
vascular space invasion (LVSI) and lymph node metastasis [10–17].
Although the majority of studies did not demonstrate a statistically
significant negative effect of MELF invasion on clinical outcomes
[7,10–15,18], a few did [16,17,19]. Potential explanations for these dif-
ferences in outcomes are the wide variety of study populations, the
small number of cases, and study methods used (mostly cohort studies
or case-control designs). Additionally, only limited data is available on
whether a quantitative scoring method for MELF invasion is useful
and/or prognostic [6,11,15]. Due to conflicting data, and lack of large
prospective studies, the clinical significance of MELF invasion has re-
mained unclear. As a result, there is no consensus on the clinical impli-
cations when MELF invasion is reported.

Since the publication of the landmark paper of The Cancer Genome
Atlas (TCGA) on EC, multiple studies have underlined the importance
of differentiating between the four molecular subclasses; POLE-ultra
mutated EC (POLEmut), mismatch repair deficient EC (MMRd),
p53-abberant EC (p53abn) or no-specific-molecular-profile EC
(NSMP) [20–22]. Only very limited data has been published onMELF in-
vasion in the context of the molecular EC subgroups [6,19].

The aim of our analysis was to determine the relation of MELF inva-
sion with clinicopathological and molecular characteristics, and to
define its prognostic relevance in early-stage EC.

2. Methods

2.1. Study population

Trial data from the post-operative radiation therapy in endometrial
carcinoma (PORTEC)-1 and − 2 trials were used. PORTEC-1 involved
714 patients with FIGO 2009 stage I EC, grade 1 or 2 with deep
myometrial invasion, or grade 2 or 3 with superficial invasion [23]. In
the PORTEC-2 trial a total of 427 patients with high-intermediate risk
features, FIGO 2009 stage I, age > 60 years, grade 1–2 with deep
invasion or cervical glandular involvement or grade 3 with superficial
invasion were included [24]. In both trials, all patients underwent
total hysterectomy and bilateral salpingo-oophorectomy without
standard lymphadenectomy. In PORTEC-1, patientswere randomly allo-
cated to pelvic external beam radiation therapy versus no additional
treatment, whereas in the PORTEC-2 patients received external beam
radiotherapy or vaginal brachytherapy [23,24].

2.2. Molecular and histopathological data

A comprehensive description of the histopathological, immunohis-
tochemical (IHC) and molecular analyses of the PORTEC-1 and -2
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tumor samples have been published [21,25,26]. In short, TCGA molecu-
lar subgroups were assigned using a surrogate marker approach. IHC
was used to assess for mismatch protein repair deficiency and p53
expression. Sanger and/or Next Generation Sequencing (NGS) were
performed to identify cases with a pathogenic mutation in the exonu-
clease domain of DNA polymerase epsilon (POLE), and were classified
as POLEmut EC [21,27]. In case of multiple-classifying alterations,
assignment was done according to theWHO 2020 criteria [28,29]. Pres-
ence and quantification of LVSI, other molecular alterations in genes,
such as CTNNB1 and KRAS, and additional IHC analyses for estrogen
receptor (ER) and L1CAM, both deemed positive if >10% (over)expres-
sion, were determined as previously described [21,25,26].

2.3. MELF invasion definition and scoring system

MELF invasion was evaluated according to the definition of Murray
et al. [1] According to this definition MELF invasion is characterized by
loss of the conventional glandular architecture. Attenuated neoplastic
cells with a squamous or vacuolated appearance are lined by flattened,
endothelial-like, cells with eosinophilic cytoplasm. These microcysts
can appear as compressed elongated structures, which can appear
disrupted or fragmented. Notably, these detached glands lie in an edem-
atous or fibromyoxoid background.

Assessment of MELF invasion in this study was done by a stepwise
approach. During all screening steps reviewers scored independently,
and were blinded for clinical outcomes, clinicopathological and
molecular reports. During each step, if there was no consensus at initial
review, the case would be discussed at a multiheaded microscope with
the expert observers until consensus was reached. First, a senior pathol-
ogy resident (KTSA) and researcher (ASVMH)were trained to recognize
MELF invasion by two expert gynecologic pathologists (TB and
VTHBMS). After this training, a single representative hematoxylin and
eosin (H&E) stained whole tumor slide of each PORTEC-1 and -2 case
was screened for the presence or absence of MELF invasion. During
this initial screening process MELF invasion negative cases were logged.
During the second phase, all identified cases that potentially displayed
MELF invasionwere evaluated for presence ofMELF invasion by two ex-
pert gynecologic pathologists (TB and VTHBMS). Finally, the extent of
MELF invasion was quantified in all MELF invasion positive cases by
scoring the presence of either one, or more than one focus (TB and
VTHBMS). An arbitrary cut-off for focal MELF invasion was set at the
presence of one MELF gland, whereas more than one MELF gland was
considered multifocal (Fig. 1).

2.4. Analysis in TCGA PanCancer Atlas

Exploratory analyses were performed in an external and indepen-
dent dataset. Digitalized H&E slides from the TCGA, PanCancer Atlas
were downloaded (publicly available at NCI-GDC data Portal (http://
portal.gdc.cancer.gov; accessed on 30 October 2020). Clinicopathologic
and molecular data of the TCGA, PanCancer Atlas, were obtained via
the cBio Cancer Genomics Portal (http://cbioportal.org; accessed on 17
January 2022). The digitalized H&E images were scored by two
reviewers (ASVMHand TB), while blinded for clinical outcomes, clinico-
pathological and molecular reports. Consensus was reached if both
observers agreed. Discordant cases were discussed until consensus
was reached.

2.5. Statistical analyses

Patient and tumor characteristics of the PORTEC-1 and -2 patients
such as histological type, grade and stage, presence and extent of LVSI,
molecular subgroups, L1CAM and ER overexpression, and CTNNB1 and
KRAS mutational status, were compared between MELF invasion posi-
tive and negative cases. Differences in patient and tumor characteristics
were analyzed with chi-square or Fisher's exact test for categorical

http://portal.gdc.cancer.gov
http://portal.gdc.cancer.gov
http://cbioportal.org


Fig. 1. Representative example of a multifocal MELF invasion positive case.
MELF invasion can be identified at low-power magnification by its distinct fibromyoxoid
stroma. A: at higher magnification a gland shows the typical microcystic and elongated
appearance. B: at higher magnification, a gland shows it typical microcystic appearance,
which is lined by flattened, endothelial-like cells.
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variables and Mann-Whitney U test for non-normally distributed con-
tinuous variables. Time-to-event analyses were done using the
Kaplan-Meier method, log-rank tests and Cox’ proportional hazards
models and were calculated from the date of randomization as starting
point. Events were defined as EC recurrences, with censoring at last
follow-up in case of no recurrence or death due to other causes. Statis-
tical analyses were performed with SPSS (Statistical Package of Social
Science) version 25 (IBM, Armonk, NY, USA). All tests were two-sided,
and results were considered statistically significant at p-values <0.05.
Fig. 2. Flowchart of cohort selection.
H&E: hematoxylin and eosin-stained whole tumor slides; MELF: microcystic elongated fragme
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3. Results

3.1. Clinicopathological characteristics

Of the 1141 randomized PORTEC-1 and -2 EC cases, a total of 979
cases (85.8%) had a single representative H&E-stained histological slide
available for review of theMELF invasion (Fig. 2). Table 1 shows the clin-
icopathologic characteristics of the cases included in our study. In 598 of
979 cases noMELF invasionwas observed. Of the remaining caseswhich
were suspected for MELF invasion only 128 cases were finally classified
as MELF invasion positive (13.1%, 95% CI 11.0%–15.3%). Only 57 cases
showed one focus of MELF invasion (44.5%), whereas in 71 cases multi-
focal MELF invasion was observed (55.5%). The MELF invasion positive
tumors were associated with grade 1–2, deep myometrial invasion and
substantial LVSI. All but one of the MELF invasion positive EC showed
ER positivity. There was no statistically significant association between
MELF invasion and L1CAM using the predefined threshold of ≥10%
L1CAM overexpression. However, we observed that at the site of the
MELF foci, which usually only make up about 1–5% of the tumor,
L1CAM was locally upregulated, while often ER expression was lost
(Supplementary S1). MELF invasion was observed in all molecular clas-
ses, and mostly in CTNNB1wild type tumors. MELF invasion was signifi-
cantly more often found within the NSMP subgroup (85.6% of all MELF
invasion positive tumors), of which over 92.0% were CTNNB1wild type,
while 23.5% showed mutations in KRAS. In the MELF invasion negative
group only 15% of cases harbored such a mutation. In other subgroups
no differences were seen in CTNNB1 and KRASmutational status.

No notable differences in clinicopathological and molecular charac-
teristics were observed when comparing patients with no, focal, and
multifocal MELF invasion (Supplementary S3).

3.2. Prognostic value of MELF invasion

Median follow-up time in the combined PORTEC-1 and -2 database
was 11.3 years (95% CI 11.1–11.5 years). During the entire follow-up,
nted pattern of invasion.



Table 1
Clinicopathological characteristics of endometrial cancer with MELF invasion.

Total
(n = 979)

MELF invasion negative
(n = 851)

MELF invasion positive
(n = 128)

p-value

Age 0.88
Mean (range) 68 (41–90) 68 (41–90) 69 (50–82)

Histotype# 0.76
Endometrioid 955 (97.5%) 829 (97.4%) 126 (98.4%)
Non-endometrioid 24 (2.5%) 22 (2.6%) 2 (1.6%)

Grade <0.0001
1–2 841 (85.9%) 716 (84.1%) 125 (97.7%)
3 138 (14.1%) 135 (15.9%) 3 (2.3%)

Stage <0.0001
IA 303 (30.9%) 296 (34.8%) 7 (5.5%)
≥IB* 676 (69.1%) 555 (65.2%) 121 (94.5%)

LVSI 0.049
None or focal 872 (95.5%) 761 (96.1%) 111 (91.7%)
Substantial 41 (4.5%) 31 (3.9%) 10 (8.3%)

TCGA
POLEmut 62 (7.3%) 60 (8.1%) 2 (1.8%)
MMRd 236 (27.6%) 223 (30.1%) 13 (11.7%)
p53 abnormal 72 (3.2%) 71 (9.6%) 1 (0.9%)
NSMP 484 (56.7%) 389 (52.3%) 95 (85.6%)

L1CAM overexpression 0.001
≤10% (negative) 786 (92.9%) 673 (91.9%) 113 (99.1%)
>10% (positive) 60 (7.1%) 59 (8.1%) 1 (0.9%)

ER expression 0.050
≤10% (negative) 45 (5.6%) 44 (6.3%) 1 (0.9%)
>10% (positive) 761 (94.4%) 649 (93.7%) 112 (99.1%)

CTNNB1 <0.0001
Wild type 730 (80.4%) 620 (78.6%) 110 (92.4%)
Mutant 178 (19.6%) 169 (21.4%) 9 (7.6%)

KRAS 0.023
Wild type 762 (83.9%) 671 (85.0%) 91 (76.5%)
Mutant 146 (16.1%) 118 (15.0%) 28 (23.5%)

Received treatment 0.42
No treatment 307 (31.4%) 278 (32.6%) 29 (22.7%)
Vaginal Brachytherapy 197 (20.1%) 164 (19.3%) 33 (25.8%)
External beam radiotherapy 475 (48.5%) 409 (48.1%) 66 (51.5%)

ER, estrogen receptor; LVSI, lymph-vascular space invasion; L1CAM, L1-cell adhesionmolecule; MELF, microcystic elongated fragmented pattern of invasion;MMRd, mismatch repair de-
ficiency; NSMP, no-specific-molecular-profile; TCGA, The Cancer Genome Atlas.

* PORTEC 1–2 inclusion criteria did not allow FIGO stages higher than IB (according to the 2009 definition), nonetheless 2 caseswere classified as stage II, 2 as IIIA and 1 as IIIB at central
revision. These 5 cases were all MELF invasion negative.

# PORTEC 1–2 inclusion criteria did not allow non-endometrioid endometrial cancer, however central revision after randomization reclassified 24 cases as non-endometrioid endo-
metrial cancer.
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a total of 133 recurrences occurred, of which 124 in MELF invasion
negative (14.6%) and 9 in MELF invasion positive cases (7.0%). When
differentiating between no, focal or multifocal MELF invasion, we ob-
served a small non-significant prognostic effect of MELF invasion,
Supplementary S2. Five-year risk of recurrence was highest in the
MELF invasion negative group, followed by the groups with multifocal
focal and focal MELF invasion (12.7% vs 5.9% vs 3.6% respectively, p =
0.074). When only distinguishing MELF invasion negative from MELF
invasion positive cases, a significantly lower 5-year risk of recurrence
was observed for MELF invasion positive tumors, compared toMELF in-
vasion negative cases (4.9% vs. 12.7%, p = 0.026, Fig. 3). Of the 9 MELF
invasion positive cases who had a recurrence, none were POLEmut EC.
Seven of the 9 recurrences had occurred in the NSMP group whereas
only one recurrence occurred in p53abn and MMRd EC.

To evaluate the independency of the prognostic value of MELF
invasion, a multivariable analysis was performedwith clinicopathologic
(grade, stage, LVSI), immunohistochemical and molecular factors (mo-
lecular classes, L1CAM, ER and CTNNB1), which is shown in Table 2.
After correction for these factors, the presence of MELF invasion
was no longer associated with EC recurrence (HR 0.65, 95% CI 0.29 to
1.48, p = 0.30), in contrast to grade (HR 2.26, 95% CI 1.30 to 3.93, p =
0.004), stage (HR 1.97, 95% CI 1.16 to 3.93, p = 0.012) and substantial
LVSI (HR 3.92, 95% CI 2.09 to 7.37, p < 0.0001).
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3.3. MELF invasion in the NSMP EC subclass

We found that all NSMP EC with MELF invasion (n = 95) were
low-grade, ER positive tumors, and all but one had deepmyometrial in-
vasion, see Table 3. Also, more substantial LVSI was observed (1.9% vs.
9.8%, p = 0.001) The majority (92.2%) of MELF invasion positive NSMP
cases were CTNNB1wild type, in comparison to 67.8% in theMELF inva-
sion negative subgroup. NSMP MELF invasion positive cases showed
slightly more often KRAS aberrations, yet this difference did not reach
statistical significance.

A total of 53 recurrenceswere registered among patients with NSMP
EC, of which only 7 had occurred in MELF invasion positive cases. As a
result, the 5-year risk of recurrence for NSMP EC with MELF invasion
positivity was only 4.3% compared to 9.5% in NSMP EC without MELF
invasion; this difference was not statistically significant (p = 0.23, see
Fig. 3). The prognostic value of MELF invasion within NSMP remained
non-significant after correction for the main prognostic factors
(HR 0.96, 95% CI 0.40 to 2.31, p = 0.94), see Supplementary S4.

3.4. TCGA explorative analyses

Analyses in the TCGAUterine Corpus Endometrial Carcinoma cohort,
identified 8 MELF invasion positive cases (2.7%). Similar results were



Table 2
Multivariable analysis of risk factors for endometrial cancer recurrence.

Parameter Total number HR 95% CI p-value

Grade
1–2 646
3 96 2.26 1.30 to 3.93 0.004

Stage
IA 206
≥IB 536 1.97 1.16 to 3.93 0.012

LVSI
None or focal 710
Substantial 32 3.92 2.09 to 7.37 <0.0001

TCGA
MMRd 207
POLEmut 48 0.49 0.15 to 1.64 0.25
p53 abnormal 61 2.42 1.23 to 4.76 0.010
NSMP 426 0.71 0.42 to 1.19 0.19

L1CAM overexpression
≤10% (negative) 671
>10% (positive) 51 2.6 1.36 to 4.97 0.07

ER expression
≤10% (negative) 33
>10% (positive) 691 0.94 0.44 to 2.03 0.09

CTNNB1
Wild type 601
Mutation 141 1.65 0.93 to 2.93 0.09

MELF invasion
Negative 642
Positive 100 0.65 0.29 to 1.48 0.30

CI, confidence interval; ER, estrogen receptor; HR, hazard ratio; LVSI, lymph-vascular
space invasion; L1CAM, L1-cell adhesion molecule; MELF, microcystic elongated
fragmented pattern of invasion; MMRd, mismatch repair deficiency; NSMP, no-specific-
molecular-profile; TCGA, The Cancer Genome Atlas.

Fig. 3. Endometrial cancer recurrence in MELF invasion negative and MELF invasion positive cases in (A) all cases and in (B) NSMP cases.
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observed; MELF invasion positive cases were predominantly of
endometrioid histology, low-grade, and consistent in CTNNB1 and
KRASmutational status.
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4. Discussion

In this study, we investigated MELF invasion in a pooled analysis of
979 early-stage EC of the PORTEC-1 and -2 trials. MELF invasion was
found in 13.1% of early-stage low-grade, mainly endometrioid EC.
Semi-quantification of MELF invasion in focal and multifocal had no
added value. The previously reported associations of MELF invasion
with deep myometrial invasion and LVSI were confirmed [7,10,15]. At
univariate analysis, MELF invasion was associated with a lower risk of
recurrence. However, in multivariable analysis MELF invasion was not
an independent prognostic factor, and this lower risk of recurrence
with MELF invasion stems by its association with low-grade histology
and other favorable factors. This was in line with previous findings
[7,15,18].

Previous studies on MELF invasion have given a wide range of esti-
mates on its incidence, 5.8% to 48% [7,10–18]. Our analyses, which are
based on a large number of patients, high quality data of two random-
ized controlled trials and a robustMELF invasion assessment, give an es-
timation of the incidence ofMELF invasion in early-stage EC: 13.1% (95%
CI, 11.0–15.3%). Yet, only 2.7% of the EC in the external TCGA validation
dataset had MELF invasion. This could be explained by the strong
correlation of MELF invasion with low-grade tumors (97.7% in our
dataset), which were less common in the TCGA validation set (40.8%).
Additionally, the PORTEC-1 and -2 inclusion criteria were restricted
to endometrioid EC, while in the TCGA 24.6% of ECs were non-
endometrioid. Lastly, the TCGA dataset also contained images with a
lack of sufficientmyometriumwall, due to which correctMELF invasion
assessment could not be done in these particular cases.

Another reason for the varying reported incidence of MELF invasion
could be the confusionwith the presence of LVSI. It is well accepted that
MELF invasion is not only associated with LVSI, but that MELF invasion
can also mimic LVSI. Due to the flattening of the epithelium of the
MELF glands, it may be seen as vascular endothelium and lead to the
perception that instead of a microcyst, LVSI is observed [30,31]. It is im-
portant to point out, that in contrast to MELF invasion, substantial LVSI
is a known risk factor for especially lymph nodemetastasis and a higher



Table 3
Clinicopathological characteristics of NSMP endometrial cancer with MELF invasion.

Total (n = 483) No MELF invasion (n = 388) MELF invasion (n = 95) p-value

Age 0.19
Mean (range) 68 (41–90) 68 (41–90) 70 (50–82)

Histotype 1.00
Endometrioid 476 (98.5%) 382 (98.5%) 94 (98.9%)
Non-endometrioid 7 (1.5%) 6 (1.5%) 1 (1.1%)

Grade <0.0001
1–2 446 (92.3%) 351 (90.5%) 95 (100%)
3 37 (7.7%) 37 (9.5%) 0 (0%)

Stage <0.0001
IA 115 (23.8%) 114 (29.4%) 1 (1.1%)
≥IB 368 (76.2%) 274 (70.6%) 94 (98.9%)

LVSI 0.001
None or focal 444 (96.5%) 361 (98.1%) 83 (90.2%)
Substantial 16 (3.5%) 7 (1.9%) 9 (9.8%)

L1CAM overexpression 0.14
≤10% (negative) 442 (96.1%) 350 (95.4%) 92 (98.9%)
>10% (positive) 18 (3.9%) 17 (4.6%) 1 (1.1%)

ER expression 0.14
≤10% (negative) 12 (6.7%) 12 (3.4%) 0 (0%)
>10% (positive) 438 (97.3%) 345 (96.6%) 93 (100%)

CTNNB1 <0.0001
Wild type 338 (72.5%) 255 (67.8%) 83 (92.2%)
Mutant 128 (27.5%) 121 (32.2%) 7 (7.8%)

KRAS 0.09
Wild type 382 (82.0%) 314 (83.5%) 68 (75.6%)
Mutant 84 (18.0%) 62 (16.5%) 22 (24.4%)

ER, estrogen receptor; LVSI, lymph-vascular space invasion; L1CAM, L1-cell adhesion molecule; MELF, microcystic elongated fragmented pattern of invasion; NSMP, no-specific-
molecular-profile.
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risk for recurrence [31,32]. Distinguishing LVSI from MELF invasion is
essential, as presence of substantial LVSI changes recommended
adjuvant treatment strategy in early-stage EC [33]. Mistaking LVSI for
MELF invasion could be a reason why some studies observed a negative
prognostic value of MELF invasion. Although a higher incidence of
lymph node metastases has been observed in (low-grade) MELF inva-
sion positive EC cases, no negative prognostic effect of MELF invasion
has been demonstrated [7,11–14,34].

This paper is one of the first to report on MELF invasion in the
context of the molecular EC subgroups. A recent paper suggested that
MELF invasion may be associated with a negative prognostic impact in
POLEmut EC patients [19]. This finding could have clinical consequences
as POLEmut EC patients have an excellent prognosis and treatment de-
escalation is currently recommended [33]. However, there are two
major concerns about the validity of this finding by He et al. [19] First,
the POLEmut status in this study was not appropriately assessed, as a
number of EC of other molecular subgroups were classified as POLEmut
EC based on variants of unknown significance (VUS) [19,27]. Second, ac-
cording to the authors, MELF invasion in POLEmut EC was associated
with a 15.1-fold increase in tumor recurrence (95% CI 1.57 to 145.3).
The extremely wide range of the confidence interval indicates
overfitting of the model, which is not surprising considering the incor-
poration of 7 predictors in a model using a dataset containing only 4
events. In our dataset, we had almost twice as many cases with patho-
genic POLE mutations available (n = 62). Among those, we observed
only two MELF invasion positive cases and neither had a disease
recurrence. It is therefore unlikely that MELF invasion truly is a negative
prognostic factor in POLEmut EC. We acknowledge that defining prog-
nostic markers in POLEmut EC is difficult because of its rarity and the
low number of events, and recommend cautious interpretation and
external validation to prevent misinformation.

Significantly more MELF invasion positive cases were found within
the NSMP subgroup (85.6%), and particularly NSMP EC without muta-
tions in CTNNB1 (92.2% vs 7.8%, p < 0.0001). This association of MELF
invasion with CTNNB1wild type has been previously reported, and the
absence of MELF invasion was positioned as one themost sensitive pre-
dictors of CTNNB1 mutations [35]. Mutually exclusivity of CTNNB1 and
535
KRAS mutations have been suggested [20]. In colorectal cancer, RAS
signaling has been associated with tumor budding, which is suspected
to be the morphological initiation of EMT and could be comparable to
MELF invasion in EC, since both histological entities have parallel
EMT-related findings [36]. A non-statically significant association
between KRAS aberrations and MELF invasion has been previously re-
ported [6]. In our study KRAS mutations were indeed more frequently
observed inMELF invasion positive cases, although therewas nomutual
exclusivity. It is conceivable that MELF invasion is prone to arise in the
context of a NSMP EC with activated RAS-pathway.

In early descriptions of MELF invasion it was thought to be a tumor
degenerative process resulting from tumor-stroma interaction at the in-
vasive front of EC [1,10]. However, this concept has evolved and MELF
invasion is now thought to represent a morphological substrate of
locally activated EMT pathways rather than degeneration. This is
supported by immunophenotypic studies, showing local upregulation
of EMT markers such as L1CAM and downregulation of ER and
E-cadherin [2–7]. As EMT-activation is highly associatedwith aggressive
tumor behavior in many tumor types, MELF invasion subsequently has
also been proposed as a marker for poor clinical outcome [37]. The
lack of an association between MELF invasion and tumoral L1CAM
overexpression may be viewed as counterintuitive, however this is ex-
plained by the fact that MELF invasion is a localized, instead of a diffuse,
process. In support of this, also other studies did not observe a signifi-
cant association between EMT and tumoral L1CAM overexpression
[18,38]. MELF invasion may still represent a very localized form of
EMT, however our study shows this does not impact prognosis, as also
found by others [7,10–15,18]. Recently MELF invasion has also been
studied in ovarian endometrioid and endocervical carcinomas; also
without independent association with survival [39,40]. Viewed from
this lack of prognostic relevance, MELF foci may be indeed better be
seen as a local degenerative process rather than EMT.

Strengths of this study are the use of the largest dataset to date from
2 randomized trials. The prospective, uniform, high quality data with
complete long-term follow-up is unique in the MELF invasion literature
[23,24]. All included cases have been reviewed by expert gynecologic
pathologists, and determination of the molecular profiles has been
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performed according to theWHO2020guideline [21]. A limitation of our
study is that only a single representative H&E-stained histological slide
per case could be used for assessment of MELF invasion. The true
incidence of MELF may be slightly higher since not all H&E slides were
available for MELF assessment within our study. Nevertheless, our ob-
served incidence is in line with other reported incidences on MELF
[10,12,14,18]. Secondly, our reported incidence and relevance of MELF
invasion may be limited to early-stage endometrioid type EC, without
known lymph nodes.

In conclusion, this study demonstrated that MELF invasion is not a
prognostic marker for recurrence in early-stage endometrioid EC. It is
more frequently observed in low-grade NSMP tumors, without
CTNNB1 mutations, that regularly harbor KRAS mutations. Also within
the NSMP subgroup, MELF invasion is not a candidate for further prog-
nostic refinement. Routine assessment of MELF invasion has no clinical
implications and is not recommended.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2022.06.027.
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