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Further refining 2020 ESGO/ESTRO/ESP molecular risk classes
in patients with early-stage endometrial cancer: A propensity
score-matched analysis

Camilla Nero, MD 2. Tina Pasciuto, PhD, Engz; Serena Cappuccio, MD"; Giacomo Corrado, MD'; Silvia Pelligra, MD';

Gian Franco Zannoni, MD?% Angela Santoro, MD%; Alessia Piermattei, MSc* Angelo Minucci, MSc>;

Domenica Lorusso, MD"?; Francesco Fanfani, MD"?; and Giovanni Scambia, MD &/ 2

BACKGROUND: The integration of molecular features with clinicopathological findings in endometrial cancer classification seems to be
able to significantly refine risk assessment. Nevertheless, clinical management remains challenging, and different therapeutic options
are available for each class. Further prognostic characterization of the subgroups within each risk class could be helpful in the decision-
making process. METHODS: This study evaluated the role of the 2020 European Society of Gynaecological Oncology (ESGO)/European
Society for Radiotherapy and Oncology (ESTRO)/European Society of Pathology (ESP) risk assessment system and the three prognostic
profiles adopted in the PORTEC-4a trial in predicting disease-free and overall survival in a retrospective study cohort of patients with
early-stage endometrial cancer. Patients were selected according to a 1:2 propensity score matching analysis. Moreover, the sequencing
of 29 genes was undertaken for tumor samples. RESULTS: The study included 137 patients. No differences in disease-free or overall sur-
vival at 5years were observed among the 2020 ESGO/ESTRO/ESP risk classes without molecular features (p =.766 and p = 176, respec-
tively). Once molecular features were integrated, the probability of overall survival was significantly different (o = .011). When the three
prognostic profiles were applied, the probability of recurrence had a p value of .097, and significant differences were observed in overall
survival (p = .004). Among patients experiencing recurrence, 17.6% showed mutations in BRCA1/2, RAD50, BRIP1, and XRCC2, whereas
22.5% had PD-L1-positive expression and an MUTYH mutation. CONCLUSIONS: Further stratification within each risk class according
to the most relevant prognostic features could better define the prognosis of patients with early-stage endometrial cancer. Nearly half
of the patients who experienced recurrence showed a targetable molecular alteration for which dedicated trials should be encouraged.
Cancer 2022;128:2898-2907. © 2022 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribu-
tion and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.
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INTRODUCTION
The molecular understanding of endometrial cancer (EC) has grown significantly over the past 10years. A large body of
literature has been produced that supports the prognostic value of molecular-based risk groups and their potential role in
helping clinicians with the therapeutic decision-making process.'™

In 2019, the World Health Organization classification of female genital tumors integrated molecular markers into the
EC diagnostic algorithm.4 Similarly, at the end of 2020, the European Society of Gynaecological Oncology, the European
Society for Radiotherapy and Oncology, and the European Society of Pathology decided to jointly update evidence-based
EC management guidelines by providing both molecular features excluded (ME) and molecular features included (MI) risk
assessments.” The latter integrates both clinicopathological variables and molecular features delineating risk groups; each
one consists of two or three different subgroups that are supposed to share the same prognostic behavior.

Opverall, the clinical management of such MI risk groups remains a challenge, and prospective studies are required.
In particular, to better tailor the treatment of early-stage patients, it will have to be clarified whether the different sub-
groups in each MI risk class have different prognostic behaviors and could, therefore, be misplaced.
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Results from the PORTEC-4a trial NCT03469674)
will partially clarify this point. This is an ongoing, cur-
rently not recruiting (closed December 2021), multi-
center, international, phase 3, randomized trial (2:1)
of molecular integrated risk profile-based adjuvant
treatment (the experimental arm) and adjuvant vaginal
brachytherapy (the standard arm). The study in fact al-
locates high-intermediate-risk cases (according to the
2016 risk assessment system) to three different prognostic
profiles (PPs; favorable, intermediate, and unfavorable).®
Such profiles include well-known features (POLE, mis-
match repair deficiency, p53, and lymphovascular space
invasion [LVSI) and additional prognostic risk factors
such as L1 cell adhesion molecule (L1CAM) and muta-
tions in exon 3 of catenin beta 1 (CTNNBI)."

Overall, a better prognostic definition of patients
with early-stage EC is available with limited impact on
clinical treatment. Current recommendations provide
several different treatment options for each MI risk class
without clear and reliable criteria for choosing among
them.

We hypothesize that additional refinement of the
MI risk class according to PPs could better predict sur-
vival thus helping clinicians with the decision-making
process. Because International Federation of Gynecology
and Obstetrics (FIGO) Stage IA and IB patients are the
ones with more therapeutic options available and are,
therefore, the most exposed to overtreatment and under-
treatment, we focused our analysis on them.!

The current study was aimed at evaluating the role
of ME and MI risk assessment systems as well as PPs in
predicting relapse and death in a cohort of early-stage
EC cases selected through a propensity scoring matching
analysis (see Fig. S1). Moreover, to assess possible addi-
tional targetable alterations, we decided to evaluate DNA
mutations in the homologous recombination deficiency-

related genes and PD1/PD-L1 expression.

MATERIALS AND METHODS
Patients and study design
This was a nonprofit, observational, single-center study
of patients retrospectively enrolled at the Fondazione
Policlinico  Universitario Agostino Gemelli IRCCS
(Rome, Italy) from January 2002 to July 2017. All women
with a histological diagnosis of early EC were identified
from the institutional registry of histopathology.

The inclusion criteria were defined as follows: (1)
a pathologically confirmed diagnosis of primary EC (en-
dometrioid, clear cell, serous, or mixed; any grade); (2)
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FIGO Stage IA-IB’; (3) the availability of formalin-fixed,
paraffin-embedded tissue at the diagnosis; (4) the avail-
ability of clinical information (baseline information, sur-
gery, adjuvant therapy, and at least 1year of follow-up);
and (5) signed informed consent.

The exclusion criteria were as follows: (1) uter-
ine sarcomas, (2) conservative surgery (any treatment
option not including total hysterectomy and bilateral
salpingo-oophorectomy for fertility purposes), and (3)
any other malignancy present in the previous 5years or
synchronously.

Once patients were selected, we divided them ac-
cording to their relapse status. In order to reduce con-
founding variables (i.e., prognostic factors) between the
two groups, we matched patients according to a propen-
sity score analysis.

Then, all eligible specimens were centrally revised by
a dedicated pathologist blinded to the clinical outcome.

The protocol was approved by the institutional re-
view board (ID 2910), and all enrolled patients gave their
written informed consent for participation. Relevant clin-
ical data were collected and managed with REDCap elec-
tronic data capture tools hosted at Fondazione Policlinico
Universitario Agostino Gemelli IRCCS (https://redcap-
irccs.policlinicogemelli.it).8

Details of the methodology are reported in the ap-
pendix (see the supporting information).

Statistical analysis

To reduce confounding variables (i.e., prognostic factors)
between patients who did not experience relapse (Group
A) and patients who experienced relapse (Group B),
patients were selected with a 2:1 nearest neighbor pro-
pensity score matching method (with the caliper set to
0.2) according to age, ME risk group (low, intermediate,
high-intermediate, or high), and adjuvant treatment (per-
formed or not performed). The matching was performed
without replacement, and only patients with information
for all the variables used to estimate the propensity score
were included in the study. The comparability of the base-
line characteristics between the matched groups was as-
sessed with independent sample tests.

Patients’ characteristics were described as absolute
frequencies and percentages for nominal variables and
as medians and ranges or means and standard deviations
for continuous variables as appropriate. The normality
of continuous variables was assessed with the Shapiro-
Francia test. Subgroup analyses were also performed ac-
cording to molecular class risk. Comparisons between
groups were made with two-sided Mann—Whitney tests
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or Student #tests for continuous, independent variables
and with Pearson ¥ tests or Fisher exact tests for nominal
variables as appropriate. The agreement between immu-
nohistochemistry (IHC) and next-generation sequencing
(NGS) evaluations was assessed with the Cohen « test.

Survival analyses were performed in terms of both
disease-free survival (DFS) and overall survival (OS).
DEFES was defined as the time that elapsed from the first
pathological diagnosis to recurrence or last follow-up,
whereas OS was defined as the time from the first
pathological diagnosis to death or last follow-up. The
median follow-up was calculated according to the in-
verted Kaplan—Meier technique.9 OS and DFS curves
were estimated with the Kaplan—Meier product limit
method'® and were compared with log-rank tests.''
A Cox proportional hazards model was used to assess
the molecular class risk effect in a univariable analysis,
and the proportionality of hazard was assessed with the
Schoenfeld method.'? All estimates were presented with
two-sided 95% confidence intervals (Cls). All reported
2 values were two-sided, and a value less than .05 was
considered statistically significant. No imputation was
performed for missing data.

The statistical analysis was performed with Stata
software (Stata/BE 17.0 for Windows, StataCorp LD,
College Station, Texas).

A power analysis was also performed according to a
two-survival-curve Cox proportional hazards model >4
in order to validate the overall survival results for PPs.
Because the OS curves for favorable and intermediate
class risk were superimposable, only favorable and unfa-
vorable PP survivals were compared. A two-sided test of
whether the hazard ratio was 3.55 with an overall sam-
ple size of 78 subjects (with 46 in the favorable PP and
32 in the unfavorable PP) would achieve 83% power at
a .05 significance level. The number of events required
to achieve this power was 22. It was anticipated that the
proportions of subjects having the event during the study
would be 0.15 for the favorable group and 0.47 for the
unfavorable group. These results assumed that the haz-
ard ratio was constant throughout the study and that Cox
proportional hazards regression would be used to analyze
the data. The power analysis was performed with Power
Analysis and Sample Size software (v21.0.3; NCSS, LLC,
Kaysville, Utah).

RESULTS

From January 2002 to July 2017, 789 patients with a
histological diagnosis of early EC were screened, and
705 patients met the inclusion criteria (49 did not
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have an available formalin-fixed, paraffin-embedded
specimen, 12 had a recorded follow-up of less than
24 months, 18 had incomplete clinical information,
and 5 had no residual carcinoma on the hysterectomy
specimen; this left 609 in Group A and 96 in Group
B). As result of the matching technique, 153 ECs were
selected and underwent IHC and molecular testing.
Sixteen (11 in Group B and 5 in Group B) failed the
DNA quality check and were thus excluded from the
final analysis. Ten more samples from the 137 included
failed the NGS analysis but were included to evaluate
the prognostic impact of the ME risk assessment. For
the analysis based on molecular and clinicopathologi-
cal features, 127 patients were included (93 in the no-
relapse group and 34 in the relapse group; Fig. S2).

Demographic and pathological characteristics of the
137 patients included in the study are reported in Table 1,
and no statistical differences were observed between pa-
tients who relapsed and those who did not.

Opverall, the patients’ age at diagnosis ranged from
43 to 89years (median, 64years). The majority of the
cases (88.3%) were the endometrioid histotype. The
grade distribution included 74 (54.1%) at Grades 1 and
2 and 63 (46.0%) at Grade 3. There were 61 patients
(44.5%) diagnosed with FIGO Stage IA discase, whereas
76 (55.5%) were at Stage IB. LVSI was evaluable in all
cases, and 22 (16.1%) were found to be substantial. Sixty-
two patients (45.3%) did not undergo a surgical lymph
node assessment, and the majority (65.0%) received ad-
juvant treatment.

When the ME risk assessment system was applied,
38 carcinomas (27.7%) were low risk, 46 (33.6%) were
intermediate risk, 39 (28.5%) were high-intermediate
risk, and 14 (10.2%) were high risk. On the other hand,
applying the MI risk assessment, we found 38 carcinomas
(27.7%) to be low risk, 36 (28.3%) to be intermediate
risk, 31 (24.4%) to be high-intermediate risk, and 25
(19.7%) to be high risk.

Four patients (3.1%) were multiple classifiers and
were allocated according to previous publications.®

Details of the investigated molecular features are
described in Table 2. No differences with respect to the
29 genes sequenced were found between patients who
relapsed and those who did not. Among the patients
who relapsed and underwent genomic sequencing,
the following targetable alterations were found: PI3K/
AKT alterations (17.6%), PTEN alterations (35.3%),
BRCA1/2 alterations (8.8%), XRCC?2 alterations (2.9%),
RADS50 alterations (2.9%), BRIP1 alterations (2.9%),
and MUTYH alterations (2.9%). Among the patients
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TABLE 1. Clinical and Pathological Characteristics of 137 Patients According to their Relapse Status

Characteristic All cases No relapse Relapse p
No. of patients 137 97 40
Age at diagnosis, years .929%
Mean (SD) 65.3 (8.9) 65.3 (9.5) 65.2 (7.4)
Median (min-max) 64 (43-89) 64 (43-89) 65 (53-81)
BMI, kg/m? ® .654°
Mean (SD) 29.3 (6.9) 29.2 (7.2) 29.4 (5.9)
Median (min-max) 28.3 (18.2-51.4) 28.3 (18.2-51.4) 28.7 (20.4-41.4)
Missing 24 14 10
FIGO stage (2009) .943
IA 61 (44.5) 43 (44.3) 18 (45.0)
1B 76 (55.5) 54 (55.7) 22 (55.0)
Tumor grade 574
1or2 74 (54.1) 54 (55.7) 20 (50.0)
3 63 (46) 43 (44.3) 20 (50.0)
Histology .811
Endometrioid 121 (88.3) 85 (87.6) 36 (90.0)
Not endometrioid 16 (11.7) 12 (12.4) 4 (10.0)
LvsSI 977
Negative 88 (64.2) 62 (63.9) 26 (65.0)
Focal 27 (19.7) 19 (19.6) 8(20.0)
Substantial 22 (16.1) 16 (16.5) 6 (15.0)
Myometrial invasion .660
None 7 (5.1) 6 (6.2) 1(2.5)
<50% 55 (40.1) 38 (39.2) 17 (42.5)
>50% 75 (54.7) 53 (54.6) 22 (55.0)
Lymph node assessment
Not surgically tested 62 (45.3) 43 (44.3) 19 (47.5) .735
Sentinel lymph node 15 (10.9) 11 (11.3) 4(10.0) .819
Lymphadenectomy® 65 (47.4) 46 (47.4) 19 (47.5) .993
Only pelvic lymphadenectomy 59/65 (90.8) 42/46 (91.3) 17/19 (89.5) .817
Pelvic and aortic lymphadenectomy 6/65 (9.2) 4/46 (8.7) 2/19 (10.5)
2020 ESGO/ESTRO/ESP risk group with unknown .635
molecular classification
Low 38 (27.7) 29 (29.9) 9 (22.5)
Intermediate 46 (33.6) 30 (30.9) 16 (40.0)
High-intermediate 39 (28.5) 27 (27.8) 12 (30.0)
High 14 (10.2) 11 (11.3) 3(7.5)
2020 ESGO/ESTRO/ESP risk group with known 136
molecular classification
Low 35/127 (27.6) 29/93 (31.2) 6/34 (17.6)
Intermediate 36/127 (28.3) 24/93 (25.8) 12/34 (35.3)
High-intermediate 31/127 (24.4) 25/93 (26.9) 6/34 (17.6)
High 25/127 (19.7) 15/93 (16.1) 10/34 (29.4)
Postsurgical treatment .240
No 48 (35.0) 31 (32.0) 17 (42.5)
Yes 89 (65.0) 66 (68.0) 23 (57.5)
Follow-up
Relapse 40 (29.2) 0 (0) 40 (100) —
Type of relapse®
Single site 20/34 (58.8) — 20/34 (58.8)
Multiple sites 14/34 (41.2) - 14/34 (41.2)
Site®
Centropelvic 20/34 (58.8) - 20/34 (58.8)
Lymphatic 10/34 (29.4) — 10/34 (29.4)
Hematogenous 12/34 (35.3) - 12/34 (35.3)
Peritoneal 1/34 (2.9) — 1/34 (2.9)
Port site 6/34 (17.6) - 6/34 (17.6)
Death 34 (24.8) 10 (10.3) 24 (60.0) <.0001

Note: Results are presented as n (%) except where indicated. p values have been calculated with the Pearson )(2 test except where indicated.

Abbreviations: BMI, body mass index; ESGO, European Society of Gynaecological Oncology; ESP, European Society of Pathology; ESTRO, European Society for
Radiotherapy and Oncology; FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymphovascular space invasion; SD, standard deviation.
#Calculated with the Student t-test.

PInformation was available for 113 of 137 patients.

°Calculated with the Mann-Whitney test.

9Five patients underwent both a sentinel lymph node assessment and lymphadenectomy.

®Information was available for 34 of 40 patients who experienced relapse.
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According to their Relapse Status 2 ga8y czag ag| .
Q © O © O oo © S| 8
No relapse  Relapse o
Characteristic (n=97) (n = 40) P e
— N
IHC -8 §2-3 8533 5% =
ER, median (min-max), % 65 (0-95) 60 (0-90) 334 Ola gonN@q gorTTcgas| F
PR, median (min-max), % 60 (0-95) 67.5(0-95)  .459 g 2934y S23xIFEITH| =
MMR §|s 5SS%c FSsccsoc| 8
Intact 71(73.2) 25 (62.5) 214 |9 853-Q2 Eg2eg®ygl 8
Deficiency (loss) 26 (26.8) 15 (37.5) IT|r ~+rddadr rrrododadr--o| O
MLH1- 22 (22.7) 11 (27.5) 549 2
MSH2- 0(0) 1(2.5) 132 — >
MSH6- 3(3.1) 1(2.5 .800 Sl e &
PMS2- 23 (23.7) 16 (40.0) .043 s |5 2
p53 mutated 15 (15.5) 13 (32.5) .025 - 2|3 2
L1CAM >10% 18 (18.6) 10 (25.0) .052 S35 2
CD3+ 317 E Sl O WLWOWLWLY ®MWLWONTOO®W g
Not evaluable 0(0) 1(2.5) S| Ol Z |5 - ® - o - >
<10% 33 (34.0) 15 (37.5) v 3
11%-39% 35 (36.1) 15 (37.5) © 3
>40% 29 (29.9) 9 (22.5) o 5
CD4+ 515 5 = ~ <~ e ~| 8
Not evaluable 1(1.0) 1 (2.5) 5 o | 8 $88%2 2888 88 >
<10% 96 (99.0) 39 (97.5) c -
11%-39% 0(0) 0(0) © 2
>40% 000 000 3 i _ | o
CD8+ 322 = = |3 8BS 3~ cu3da ol g
Not evaluable 0(0) 12.5) @ g T 83791 BYTNGEYE| 8
<10% 53 (54.6) 24 (60.0) © HIN fewge grooagaa| 2
11%-39% 31 (32.0) 9 (22.5) @ o % g%%%% %ggggg (‘%% 5
>40% 13 (13.4) 6 (15.0) a o E5q8oq E--o0obE<Y| %5
High PD-L12 NE 8/26 (30.8)  — S| 3 T|m —-=rSr- rdr-d--dd z
Sanger sequencing® o | 2 S
POLE mutated 2/93 (2.2) 0/34 (0) 1 €| 32 @
CTNNB1 mutated 12/93 (12.9)  5/34 (14.7)  .792 s | Q|2 g
NGS® FlE| g g
PIK3CA mutated 30/93 (32.3)  6/34(17.6)  .106 Sl g 2 I
PTEN mutated 44/93 (47.3)  12/34(35.3) .227 x| g§|° o
BRCA mutated 5/93 (5.4) 3/34 (8.8) 479 x| 2|8|g cvanyg ocanvogror &
BRCA1 mutated 3/93 (3.2) 1/34 (2.9) 935 " N - @ T Tl s
BRCA2 mutated 3/93 (3.2) 2/34 (5.9) 495 p ke
TP53 mutated 13/93 (14.0)  8/34 (23.5) 200 O ]
MSH2 mutated 2/93 (2.2) 1/34 (2.9) 795 o ~ o
XRCC2 mutated 0/93 (0) 1/34 (2.9) 097 = 2 8
RAD50 mutated 2/93 (2.2) 1/34 (2.9) 795 o = 2
RAD51D mutated 0/93 (0) 0/34 (0) - 5 @ ]
APC mutated 0/93 (0) 0/34 (0) - 5 B momar wOmwrooa o
BRIP1 mutated 0/93 (0) 1/34 (2.9) 795 9 F|® oFor-rd 000AAIITo| F
MSH6 mutated 5/93 (5.4) 0/34 (0) 168 < o 5
EPCAM mutated 1/93 (1.1) 0/34 (0) 544 @ 5 z
PMS2 mutated 0/93 (0) 0/34 (0) - o > 5 ©
ATM mutated 3/93 (3.2) 0/34 (0) 289 o 3 3 3
CHEK2 mutated 0/93 (0) 0/34 (0) — > g 2 g
MLH1 mutated 2/93 (2.2) 0/34 (0) .389 3 < € g
ABRAXAS1 mutated 0/93 (0) 0/34 (0) - G 5 S E
BARD1 mutated 0/93 (0) 0/34 (0) — N < ] G
CDH1 mutated 0/93 (0) 0/34 (0) - T = - g
MR11 mutated 0/93 (0) 0/34 (0) - = Z z w
MUTYH mutated 1/93 (1.1) 1/34 (2.9) 455 5 ) o E
NBN mutated 0/93 (0) 0/34 (0) — = ] ] B
PALB2 mutated 0/93 (0) 0/34 (0) — o) 2 2 £
RAD51C mutated 0/93 (0) 0/34 (0) - Q ) ) 2 g
STK11 mutated 0/93 (0) 0/34 (0) — o g o o g5
e & | o €8
Note: Results are presented as n (%) except where indicated. p values have é g % 8 % % 8 8'
been calculated with the Pearson X2 test. @) o l(z g 'J) g 2 G o
- - . = o) [0} =) (ORI )
Abbreviations: CTNNB1, catenin beta 1; ER, estrogen receptor; IHC, immuno- M B Y5 ®E WY§ wE S ,85| 8%
histochemistry; L1CAM, L1 cell adhesion molecule; MMR, mismatch repair; NE, w § 8 ‘g 3 ‘GE) 8 § o *GEJ 2 % 3 g 1] g
not evaluated; NGS, next-generation sequencing; PR, progesterone receptor. | 8 & = £ = ﬂ = £ L c ‘_g S £ 3 -%’ 3
aInformation was available for 26 of 40 patients. m 5 o8 22855, 832090 8sgLE| 2@
: . ] < CcC|I NS IJETITIQIIETIIow £ED) 20
PInformation was available for 127 of 137 patients. = OIR° g ° = 28

2902 Cancer  August1,2022



EC molecular integrated risk assessment/Nero et al

A 100 -qh}_‘_\‘j_\_\_\—‘
0.75
2 |
o |_|
k3
£ 050
=
®©
Q2
<)
& 0.25
p=.766
0.00 T T T T T T T
0 24 48 72 96 120 144 168
Time (months)
N. patient at risk
Low 38 32 18 0 0 0 0
Intermediate 46 34 23 6 1 0 0
High-Intermediate 39 28 23 3 5 3 1 0
14 9 8 4 2 1 1 1
Low Intermediate High-Intermediate ——— High
B 1.00-
» 0.75
]
k3 1
>
= 0.504
o
©
Q
<}
o S
0.25
p=.176
0.00 T T T T T T T
0 24 48 72 96 120 144 168
Time (months)
N. patient at isk
Low 38 35 20 3 2 2 1 0
Intermediate 46 a2 32 8 3 1 0
High-Intermediate 39 3 2 15 7 3 1 0
Hgh 14 b o 5 3 2 2 1
Low Intermediate High-Intermediate High

C 1.00+
» 0754 [
.
[a)
k]
£ 0.50
=
©
o
<)
& 0.25+
p=.139
0.00 T T T T T T T
0 24 48 72 96 120 144 168
Time (months)
N. patient at risk
Low 35 2 19 0 0 0 0
Intermediate 36 27 18 10 4 1 0 0
High-Intermediate 31 2 20 12 5 3 1 0
High 25 16 3 3 1 1 1
Low Intermediate High-Intermediate High
D 100+ =
» 0.75
o
ks
>
= 0.50
o
(o]
Q
Q
o
0.25 L
p=.011
0.00 T T T T T T T
0 24 48 72 96 120 144 168
Time (months)
N. patient at risk
35 34 21 2 2 1 o
Intermediate 36 3 2% 6 3 1 0
High-Intermediate 31 27 2 7 3 1 0
Hgh 25 21 14 4 2 2 1
Low Intermediate High-Intermediate High

FIGURE 1. Kaplan-Meier survival curves and log-rank testing of DFS and OS for patients classified with the 2020 European Society
of Gynaecological Oncology/European Society for Radiotherapy and Oncology/European Society of Pathology guidelines: (A,B)
molecular features excluded and (C,D) molecular features included. DFS indicates disease-free survival; OS, overall survival.

experiencing recurrence and expressing more than 10%
of tumor-infiltrating lymphocytes (TILs) (26 of 40), PD-
L1 expression (evaluated as the Tumor Proportion Score)
was high in 30.8% of cases.

The agreement rate between IHC and NGS data for
microsatellite instability and TP53 assessment is reported
in Table S1. A higher agreement rate between IHC and
NGS was observed for MSH6 and MSH2. An agreement
rate of approximately 90% was observed for TP53 be-
tween IHC and NGS.

DES and OS with the ME and MI risk assess-
ment systems are reported in Table 3 and in Figure 1.
The median follow-up was 68.5months (95% CI,
60.3-75.5 months).

The probability of DES at Syears for patients
classified according to the ME risk assessment was
79.7%, 60.1%, 67.1%, and 76.2% in the low-risk,
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intermediate-risk, high-intermediate—risk, and high-
risk classes, respectively (p = .766; Fig. 1A), whereas the
probability was 87.3%, 61.3%, 79.6%, and 55.7% in the
low-risk, intermediate-risk, high-intermediate-risk, and
high-risk classes, respectively (p = .139), for patients clas-
sified according to the MI risk assessment (Fig. 1C).

Differences in terms of OS at 5years among ME
risk groups did not reach statistically significant values
(p = .176; Fig. 1B).

Conversely, the probability of OS at 5 years accord-
ing to the MI risk assessment was significantly different
among the groups (p = .011; Fig. 1D). In detail, the high-
risk group had a 5-fold increased risk of death in compar-
ison with the low-risk one (hazard ratio, 5.16; 95% CI,
1.44-18.48; p = .012; Table 3).

When characterizing the whole population in terms
of PPs, we observed that there were different PPs within
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FIGURE 2. Cross-tabulation of the European Society of Gynaecological Oncology/European Society for Radiotherapy and Oncology/
European Society of Pathology risk groups (A) without and (B) with molecular features known and three molecular profiles.

each ME and MI risk group (Fig. 2). With the ME risk
assessment (Fig. 2A), 38.8% and 2.9% of the low-risk
patients displayed intermediate and unfavorable profiles,
respectively, whereas 18.4% of the high-intermediate-risk
patients displayed a favorable one. With MI risk assess-
ment, 4.0% of the high-risk patients displayed a favor-
able profile, whereas an intermediate profile was assessed
for 62.9% and 50.0% of the low- and intermediate-risk
patients, respectively (Fig. 2B). Moreover, no low-risk
patient displayed an unfavorable profile, whereas 19.4%
of the favorable-profile patients were classified as high-
intermediate risk.

DEFS and OS for the PPs are presented in Table 3,
Figure 3, and Table S2.

The probability of DES at 5years was 82.8%,
66.8%, and 62.8% for favorable, intermediate, and un-
favorable class risk, respectively (p = .097; Fig. 3A). In
particular, the hazard ratio of relapse was 2.43-fold higher
for patients displaying intermediate (95% CI, 0.99-5.90)
and unfavorable profiles (95% CI, 0.94-6.29) in com-
parison with those with a favorable profile (p = .051 and
2 = .067, respectively; Table 3).

The probability of OS (95%) at 5years was 91.0%,
85.9%, and 55.1% for favorable, intermediate, and
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unfavorable class risk, respectively (p = .004; Fig. 3B). In
detail, there was no statistically significant difference in
terms of OS between favorable and intermediate profiles,
whereas a 3.55-fold higher hazard ratio of death (95%
CL, 1.37-9.19) was observed when we compared patients
with an unfavorable profile with those with a favorable
profile (p = .009; Table 3).

The PP and recurrence status distributions are il-
lustrated in Table S3. In the relapse group, 7 patients
(20.6%) displayed a favorable profile, 16 (47.1%) dis-
played an intermediate one, and 11 (32.4%) displayed
an unfavorable one. In the nonrelapse group, 39 patients
(41.9%) displayed a favorable profile, 33 (35.5%) dis-
played an intermediate one, and 21 (22.6%) displayed an
unfavorable one.

A significantly higher frequency of p53 and PMS2
mutations (p = .025 and p = .043, respectively) was ob-
served in patients who experienced recurrence.

The site of relapse was centropelvic in 58.8% of the
cases, lymphatic in 29.4% (in particular, pelvic nodes
[n = 4], pelvic and paraaortic nodes [n = 3], and pelvic
and inguinal nodes [n = 1], with 1 value missing), hema-
togenous in 35.3%, peritoneal in 2.9%, and the port site
in 17.6%. There were no differences among PPs in terms
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three molecular profiles. DFS indicates disease-free survival;
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of the site of recurrence or in terms of the adjuvant treat-
ments performed (Table $4).

However, it has to be underlined that patients with a
favorable profile had a single-site recurrence rate of 83.3%
versus 57.1% and 55.6% for intermediate and unfavor-
able patients, respectively. Moreover, no hematogenous
relapse was observed among favorable patients. Although
patients with an intermediate profile had a superimpos-
able number of multisite recurrences in comparison with
the unfavorable ones (42.9% and 44.4%, respectively)
with a similar distribution in terms of sites, the prognosis
differed significantly.

DISCUSSION

In a retrospective cohort of 137 early-stage EC cases who
had long-term follow-up and had previously been matched
for age, clinical risk classes, and adjuvant treatments, the
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prognostic impact of the MI risk assessment system was
confirmed.>"™"? Molecular analysis methods were proved
to be feasible in 83% of the enrolled patients. Previous
reports showed a higher feasibility rate, but our results
might be related to long-term storage, which may affect
DNA quality.”

The application of the MI risk classification system
was recently proven to be feasible and effective in better
delineating the prognosis of patients with EC.*!

The additional prognostic information provided by
PPs could allow clinicians to distinguish within each MI
risk class patients who are highly likely to benefit from
adjuvant treatments from those who can be spared from
unnecessary harm from adjuvant therapy.

As for the early identification of patients experienc-
ing recurrence, the percentage of correctly identified pa-
tients (those at high-intermediate and high risk) increased
when molecular features were implemented (37.5% with
ME vs. 47.0% with MI). When further stratification was
performed according to the PP, this percentage increased
up to 79.4% (intermediate and unfavorable).

Actually, such refinement is critical only for some
of the features and some of the ME risk classes. POLE-
mutant patients do not benefit from further profiling,
whereas NSMP patients can be much better stratified
according to the LVSI status, LICAM, and CTNNBI.
Finally, it would be pointless to test p53abn patients for
L1CAM because they cosegregate.

From a clinical perspective, the utility of a better risk
assessment tool is finalized in more effective treatment
decision-making, which thus possibly reduces over/under-
treatment for patients. Although the retrospective nature
of this study does not allow us to draw definitive conclu-
sions, the obtained data suggest that it could ameliorate the
process. In the absence of an alternative prognostication
system, PPs appear to be well worth using. In our popu-
lation stratified according to PPs, no difference was found
in terms of the risk of recurrence between patients with an
intermediate profile and those with an unfavorable profile.
These data might be explained if we consider both the ret-
rospective nature of the study and the lack of homogeneity
of adjuvant treatment types among the three PPs. The rates
of postsurgical treatment for cases with favorable and inter-
mediate risk profiles were comparable (57.1% and 56.3%,
respectively); thus, the latter were exposed to a higher risk
of relapse. This increased risk of relapse, however, did not
negatively affect OS, probably because of the availability
of effective surgical, medical, and radiation treatment op-
tions at recurrence. On the other hand, patients with an
unfavorable profile were postoperatively treated in 72.7%
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of cases, but their poor prognosis was clearly reflected in
OS because 90.9% of those who experienced recurrence
died (vs. 42.9% and 43.8% of favorable and intermediate
risk profiles, respectively; p = .032). Interestingly, all un-
favorable patients who did not experience recurrence were
referred for adjuvant treatment (p = .012).

Finally, we showed that approximately 17.6% of the
patients experiencing recurrence in our population might
benefit from PARP inhibitors (mutations in BRCA1/2,
RAD50, BRIP1, and XRCC2), whereas approximately
one quarter might benefit from immune checkpoint in-
hibitors (PD-L1—positive expression and MUTYH muta-
tions; see Fig. S3).

The data regarding the agreement rate between
IHC and NGS were expected. The discrepancy regarding
MLHI1 is known because NGS does not allow the evalu-
ation of MLHI promoter hypermethylation.”> Moreover,
it has been reported that a high number of normal nu-
clei from normal endometrium as well as a high num-
ber of TILs might negatively affect NGS detection of
microsatellite-unstable mutant alleles.”.

The main limit of our study was the heterogeneity
of the treatments performed, which affected DFS, along
with its retrospective nature. Although we pursued match-
ing among the patients through propensity scoring, we
could not exclude potential biases from the comparison.

In conclusion, we confirm overall that the MI risk
assessment system represents a paradigm shift in the prog-
nostic definition of patients with EC. Nevertheless, our
data suggest that relevant features within each risk class
deserve more attention because they can further stracify
patients’ prognostic behavior and help clinicians to better
tailor adjuvant treatments. This is especially crucial for the
NSMP group. The vast majority of patients experiencing
recurrence (79.5%) in fact showed intermediate and un-
favorable risk profiles, and the most aggressive adjuvant
treatment strategy among those recommended could have
been adopted. The early identification of unfavorable pa-
tients is particularly significant because 90.9% of those
who experienced recurrence died.

Prospective randomized trials such as PORTEC-4a
are needed to assess whether integrated molecular profiles
can fully guide clinicians in choosing the most suitable
therapeutic option for each patient. Finally, dedicated clin-
ical trials of specific molecular and immunological profiles
may improve most unfavorable patients’ outcomes.
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