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ABSTRACT

Introduction The role of molecular classification in patients with low/intermediate risk endometrial
cancer (EC) is uncertain. Higher precision in diagnostics will inform the unsettled debate on optimal
adjuvant treatment. We aimed to determine the association of molecular profiling with patterns of

relapse and survival.

Material and methods This retrospective cohort study included patients referred to The Norwegian
Radium Hospital, Oslo University Hospital from 2006-2017. Patients with low/intermediate risk EC
were molecularly classified as pathogenic polymerase epsilon (POLE)-mutated, mismatch repair
deficient (MMRd), p53 abnormal, or no specific molecular profile (NSMP). The main outcomes were

time to recurrence (TTR) and cancer-specific survival (CSS).

Results Of 626 patients, 610 could be molecularly classified. Fifty-seven patients (9%) had POLE-
mutated tumors, 202 (33%) had MMRd tumors, 34 (6%) had p53 abnormal tumors and 317 (52%) had
NSMP tumors. After median follow-up time of 8.9 years, there was a statistically significant difference
in TTR and CSS by molecular groups. Patients with p53 abnormal tumors had poor prognosis, with 10
of the 12 patients with relapse presenting with para-aortic/distant metastases. Patients with POLE
mutations had excellent prognosis. In the NSMP group, LLCAM expression was associated with shorter
CSS but not TTR.

Conclusions The differences in outcome by molecular groups are driven by differences in relapse
frequency and -patterns and demand a higher precision in diagnostics, also in patients with
low/intermediate risk EC. Tailored adjuvant treatment strategies need to consider systemic treatment for

patients with p53 abnormal tumors and de-escalated treatment for patients with POLE mutated tumors.
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INTRODUCTION

Endometrial cancer (EC) is the most common gynecological malignancy in the Western world
with increasing incidence due to the higher prevalence of risk factors such as obesity. Most
patients present with early-stage disease and based on histomorphology, patients are stratified
into groups to estimate their risk of relapse and to tailor adjuvant treatment. In the Nordic
countries, radiotherapy has been omitted from first-line treatment for most patients with low or
intermediate risk in the absence of a proven survival benefit'2, and the fact that the majority of
patients can be cured with radiotherapy when diagnosed with a vaginal/pelvic relapse®. This
strategy has resulted in no detriment in survival® but has been challenged by a better
understanding of the prognosis by applying molecular classification®. Since 10-15% of low or
intermediate risk patients still relapse, further optimization of treatment is warranted.

Recent guidelines have incorporated molecular classification as a tool for escalation of
treatment for patients with aggressive features such as p53 abnormal tumors®”8, Still, molecular
classification is not widely implemented, particularly due to requirements in resources
associated with POLE mutation detection. We therefore need solid data on the association with
prognosis in patients with low/intermediate early-stage disease and how molecular
classification may inform their management. In a recent analysis of patients with low grade EC,
73.8% of the patients were classified as early-stage®. Patients with low-grade EC of any stage
had a favorable 5-year disease-specific survival independent of the molecular subgroups,
questioning the added value of non-targeted molecular profiling in clinical practice. However,
75% of the patients had received adjuvant treatment and 57% had received adjuvant
radiotherapy®. Classification of endometrial cancer has further evolved and L1 cell adhesion
molecule (LLCAM) has been reported as a prognostic marker for patients with endometrial
carcinoma with no specific molecular profile!®. It remains unclear how molecular profiling

plays out in a predominantly radiotherapy-naive population of low/intermediate risk EC.

A better refinement of adjuvant treatment is crucial to avoid under treatment of early-stage
patients, but also to choose the best modality based on the expected localization of relapse and
survival. The aim of this study was to examine survival by molecular groups and localization

of relapse in a large cohort of low and intermediate risk EC patients.

MATERIAL AND METHODS



Patients and follow-up

We included 1784 patients with endometrial cancer (WHO 2020)!* from a consecutive cohort referred
to The Norwegian Radium Hospital, Oslo University Hospital (OUH) from January 2006-December
2017. The study was approved by the Regional Committees for Medical and Health Research Ethics
(REK) in Norway (REK no 2014/701) and by the data protection office at The Oslo University Hospital.
All specimens were reviewed by a pathologist specialized in gynecologic pathology at primary
diagnosis. Lymphovascular space invasion (LVSI) was described as present or absent. For the 1353
eligible patients (eFigure 1), a 3 um section was cut from each tissue block, the hematoxylin and eosin-
stained sections were examined by a pathologist (MP), and a random block with a total tumor area of at
least 0.2 cm? was chosen for each of 1228 patients. The ESMO guidelines (2016) were used for risk
classification?. Low risk and (high-) intermediate risk patients included (i) stage | endometrioid, grade
1-2, <560% myometrial invasion, LVSI negative (low risk), (ii) stage | endometrioid grade 1-2 >50%
myometrial invasion, LVSI negative (intermediate risk), (iii) stage 1A endometrioid grade 3 regardless
of LVSI (high-intermediate risk) and iv) stage | endometrioid grade 1-2, independent of myometrial
invasion, positive LVSI (high-intermediate risk). We included 626 low and (high)intermediate risk

patients.

Institutional guidelines considered standard treatment to be total hysterectomy and bilateral salpingo-
oophorectomy in all cases and lymphadenectomy in stage IB grade 1-2 and stage 1A grade 3. No
adjuvant treatment was considered standard of care. Patients were monitored every three months during
the first two years, every six months for the following three years, and then annually at OUH or the local
hospital. Patterns of relapse were categorized as either vaginal- and central pelvic relapse (local),
extension to the pelvic side wall including pelvic lymph nodes, paraaortic lymph nodes +/-pelvic lymph

nodes and distant.

Immunohistochemistry and scoring

Immunohistochemistry for p53, LICAM, MLH1, MSH2, MSH6 and PMS2 was done on 3 pum sections
from each tumor block of the hysterectomy specimen. Blinded to clinicopathological- and outcome data,
two experienced pathologists (MP or LV) scored all sections according to the description by Kébel M
et al.'® for p53, Zeimet AG et al.** for LLCAM, and MLH1, MSH2, MSH6, PMS2 were considered
retained if there was normal nuclear protein expression or lost if there was loss of protein expression.

For details see eMethods.

Pole mutation analyses
Five 10um scrolls were cut from the tumor area from the selected tissue blocks, and genomic DNA was

extracted using the RecoverAll Total NucleicAcid Isolation kit (Thermo Fischer Scientific).



Genotyping assays was used to perform allele-specific PCR for the five most common pathogenic POLE
mutations (P286R, V411L, S297F, A456P and S459F), accounting for approximately 95% of
pathogenic variants in the POLE gene in endometrial cancer®® (eTable 1 and eFigure 2). For P286R,
V411L, S297F we used primers and probes as previously described?®, for A456P and S459F we designed

probes and primers based on the known context sequence. For details see eMethods.

Molecular profiling
Classification into molecular groups was according to the ESMO Clinical Practice Guidelines?

recommendations.

Statistical analyses

Continuous variables were described with median and interquartile range. Categorical variables were
presented with counts and proportions. Differences between categorical variables were assessed by the
Pearson’s y? test. The Kruskal-Wallis H test was used to assess differences between categorical and
continuous variables. Univariable survival analyses were performed using the Mantel-Cox log-rank test
and Cox regression analysis. Endpoints were cancer-specific survival (CSS) and time to recurrence
(TTR)Y.

For TTR, follow-up time was calculated from the date of EC surgery until the date of recurrence, date
of death from any cause or end of follow-up on December 28", 2022. For CSS, follow-up time was
calculated from the date of EC surgery until the date of death from any cause or end of follow-up.
Survival curves were plotted with the Kaplan-Meier method. The cumulative incidence function was
estimated with death from other causes than EC as competing event in competing risk analysis of
both cancer-specific death (CSD) and TTR. The multivariable model included age, surgical stage
according to the 2009 revision by FIGO®, histological type with grade for endometrioid
adenocarcinomas, adjuvant treatment, pelvic lymphadenectomy, as well as LICAM expression. A two-
sided p<0.05 was considered statistically significant. The analyses were performed using Stata/SE 18.0
(StataCorp, TX).

RESULTS

We included 626 low and intermediate risk patients with a median age of 68 years (range 59-74 years)
(Table 1). The majority were diagnosed with FIGO stage IA (n=432, 69%) and well differentiated
endometrioid adenocarcinoma (n=375, 60%). In total 356 were considered low risk, 138 as
low/intermediate and 132 as high/intermediate risk patients. Pelvic lymphadenectomy was part of the
primary surgery in 286 (46%) patients. Only 24 patients (4%) received adjuvant treatment, all with

platinum-based chemotherapy. Molecular subgroup distribution in the 610 patient who could be



molecularly classified is displayed in Table 1 and eFigurel. The remaining 16 patients (3%) could not

be classified according to ProMisE.

Table 1: Baseline characteristics of the study cohort

Patients

. Patients
without with cancer-
Baseline characteristic All patients cancer- specific P-value
specific death
death
Age at surgery, years 68 (59-74) 67 (59-74) 73 (67-80) 0.0005
1A 432 (69%) 403 (69%) 29 (63%) 0.36
FIGO stage (2009) B 194 (31%) 177 (31%) 17 (37%)
Endometrioid, G1 375 (60%) 360 (62%) 15 (33%)
Histology Endometrioid, G2 204 (33%) 182 (31%) 22 (48%) <0.0001
Endometrioid, G3 47 (8%) 38 (7%) 9 (20%)
Lymphovascular space No 534 (85%) 504 (87%) 30 (65%) <0.0001
invasion Yes 92 (15%) 76 (13%) 16 (35%) '
Iymphzg'g’n'gcmmy Yes 286 (46%) 261 (45%) 25 (54%) 0.22
No 340 (54%) 319 (55%) 21 (46%)
Adjuvant treatment None 602 (96%) 556 (96%) 46 (100%) 0.16
Chemotherapy 24 (4%) 24 (4%) 0
POLE mutated 57 (9%) 57 (10%) 0
Mismatch repair 505 3500y 180 (31%) 22 (48%)
ProMisE classification deficient <0.0001
p53 abnormal 34 (5%) 23 (4%) 11 (24%)
e jﬁc;fﬁle 317 (51%) 306 (53%) 11 (24%)
Missing 16 (3%) 14 (2%) 2 (4%)
. <10% 565 (90%) 528 (91%) 37 (80%)
L1CAM expression >10% 50 (8%) 42 (1%) 8 (17%) 0.014
Missing 11 (2%) 10 (2%) 1(2%)

For the analyses of clinical outcomes by molecular groups, 610 patients with ProMisE classification
were included. Median follow-up time was 8.9 years (95% CI: 6.2-12.6 years). For the entire cohort,
there was a statistically significant difference in TTR (p<0.001) and CSS (p<0.001) by molecular groups
(Figure 1a-b). The 5-year cumulative incidence for recurrence and CSD for patients with POLE mutated
tumors was 3.5% (95% ClI: 0.7-10.7%) and 0%, with MMRd tumors 17.8% (95% CI: 12.9-23.4%) and
8.4% (95% ClI: 5.1-12.8%), with p53 abnormal tumors 32.4% (95% CI: 17.6-48.0%) and 29.4% (95%
Cl: 15.4-44.9%), and with NSMP tumors 8.5% (95% ClI: 5.8-11.9%) and 2.5% (95% CI: 1.2-4.7%).
The difference in TTR and CSS by molecular groups remained significant in separate analyses of
patients with grade 1/2 tumors (TTR, p=0.0010 and CSS, p<0.0001), but not in grade 3 tumors (TTR,
p=0.10 and CSS, p=0.098) (eFigure 3).
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Figure la-b: Survival analysis of ProMisE.
(a) Analysis of time to recurrence. (b) Analysis of cancer-specific survival.

In separate analyses of patients who had not received adjuvant chemotherapy, molecular groups were
still associated with TTR (p<0.0001) and CSS (p<0.0001), and the estimated 5-year cumulative
incidences remained largely unchanged (eFigure 4, eTable 2).

In multivariable Cox regression analyses molecular groups remained significantly associated with TTR
(p=0.005) and CSD (p=0.0002) (Table 2).

Table 2: Multivariable analysis of time to recurrence and cancer-specific survival

Group Risk of recurrence Risk of cancer-specific death
HR (95% CI) p-value HR (95% CI) p-value
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No specific

ProMisE molecular ref. 0.0050 ref. 0.0002
classification .
profile
p53 abnormal  2.89 (1.41-5.94) 7.14 (2.83-18.04)
Mismatch
repair 1.57 (0.96-2.58) 2.25 (1.03-4.89)
deficient
POLE mutated  0.33 (0.08-1.39) 0.00 (0.00-00)
>60 years vs. 0.071 0.38
Age at surgery <60 years 1.78 (0.95-3.34) 1.53 (0.59-3.97)
Histology 0.30 0.021
Endometrioid, ref rof
Gl ' '
E”doggt”o'd' 1.31 (0.79-2.16) 2.21 (1.05-4.65)
E”dorge;”o'd* 1.72 (0.84-3.55) 3.81 (1.44-10.04)
L1CAM >10% vs. 1.02 (0.50-2.09) 0.95 1.55 (0.69-3.48) 0.28
expression <10%
Lymphpvasc_ular Yes Vs no 1.80 (1.06-3.04) 0.028 3.31(1.70-6.46) 0.0004
space invasion
Chemotherapy
Adjuvant vs. No 0.42 (0.10-1.73) 0.23 0.00 (0.00-c0) 10
treatment adjuvant '
treatment
Iymphzglg/r:gctomy Novs.yes  1.27 (0.80-2.01) 0.61 0.79 (0.41-1.52) 0.48

CI: confidence interval

The highest risk estimates for CSD were estimated in the group of patients with MMRd tumors and p53
abnormal tumors with HR of 2.25 (95% CI: 1.03-4.89) and 7.14 (95% CI: 2.83-18.04), respectively.
LVSI was independently associated with risk of relapse (HR 1.80, 95% CI 1.06-3.04) and CSD (HR
3.31, 95% ClI: 1.70-6.46), whereas LLCAM overexpression was not associated with either risk of relapse
or CSD (Table 2).

In the NSMP group, LLCAM expression was significantly associated with shorter CSS (HR 12.52, 95%
Cl: 3.53-44.42, p<0.0001) but not TTR (HR 2.7, 95% CI: 0.95-7.7, p=0.053) (Figure 2).
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In total, 85/626 (13.6%) patients had recurrent disease, of these 37 were locoregional relapses. The
localization of relapse differed by molecular group (Table 3). While patients with MMRd showed equal
distribution of local/pelvic and para-aortic/distant relapse, the vast majority of patients with p53
abnormal tumors developed para-aortic/distant relapse. In the NSMP group with LICAM >10%, all four
relapses were distant metastases, but in the NSMP group with LLCAM <10%, 15 of 27 recurrences were

localized to the vagina/central pelvis (p=0.015).

Table 3: Frequency and localization of relapse by ProMisE group

Local Extension Para-aortic Distant No relapse Total
to pelvic lymph nodes
side wall
pelvic
including
lymph
nodes
POLE mutated 0 1(1.8%) 0 1(1.8%) 55 (96.5%) 57
Mismatch repair 14 (6.9%) 4 (1.9%) 5 (2.4%) 15 (7.4%) 164 (81.2%) 202
deficient
p53 abnormal 2 (5.9%) 0 1(2.9%) 9 (26.5%) 22 (64.7%) 34
L1CAM >10% 0 0 0 4 (22.2%) 14 (77.8%) 18
(in ProMisE no
specific
molecular
profile)
L1CAM <10% 15 (5.1%) 1 (0.3%) 2 (0.7%) 10 (3.4%) 265 (90.4%) 293
(in ProMisE no
specific
molecular
profile)
Missing data 2 0 1 2 17 22
Total 33 (5.3%) 6 (0.9%) 15 (2.4%) 41 (6.5%) 537 (85.8%) 626
DISCUSSION

In this large cohort study of patients with low and intermediate risk early-stage EC, molecular
classification was associated with TTR and CSS, independently of other clinical and histomorphologic
parameters. Even though the prevalence of p53 abnormal tumors was low, the risk of para-aortic/distant

relapse was high resulting in increased risk of CSD.

We here report on the prognostic impact of molecular classification in patients largely untreated after
primary surgery. In particular, none of the patients in our cohort had received adjuvant radiotherapy,
and the results therefore add to the ongoing debate on the optimization of adjuvant treatment in early-
stage EC. A recent report on low grade EC challenged the necessity of molecular classification as no
significant association by molecular subgroups with survival was found®. However, the analysis may

have been underpowered to detect such a difference in early-stage disease as 26% of the patients had
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advanced disease. Still, a significant association between p53 abnormal tumors and risk of disease-
specific death was reported, underlining that molecular classification is important independent of

histomorphology.

We confirm that p53 abnormality is a rare event in low/intermediate risk endometrial cancer®. The
PORTEC group reported that in these patients, pelvic radiation was associated with longer locoregional
recurrence-free survival compared to vaginal brachytherapy/observation. This benefit in terms of
locoregional control may however be driven by the fact that patients were not systematically staged. In
our cohort, about half of the patients underwent pelvic staging, which may have contributed to a low
risk of locoregional relapse. Patients with p53 abnormal tumors had a particularly high risk of distant
recurrence, which has also been previously reported®. This relapse pattern is driving the poor survival
in patients with p53 abnormal tumors as shown by the particularly high HRs in analysis of CSD.
Adjuvant pelvic radiotherapy will not prevent these relapses, does not prolong survival* and is associated
with considerable morbidity??, It is therefore reasonable to reserve this treatment for the few
low/intermediate risk patients with pelvic relapse who have excellent survival with salvage radiation®.
Preventing distant relapses in patients with p53 abnormal tumors, appear to require systematic treatment
also in early-stage, in line with data in high risk patients where p53 abnormal tumors derived particular
benefit when chemotherapy was added to radiotherapy?. Some of these tumors may also harbor defects
in the homologous recombination pathway and maintenance strategies with PARP inhibition need to be

explored.

Our study confirms the excellent prognosis in patients with POLE mutated tumors also for adjuvant
treatment naive patients®*?, De-escalation of treatment in patients with POLE mutated tumors is
currently being investigated in the RAINBO blue study?’. POLE mutation status in EC is commonly
determined by DNA sequencing, a method that is time-consuming, expensive, and unavailable in
hospitals without specialized equipment and expertise, thereby slowing down POLE mutation testing in
clinical practice. As a result, women with POLE mutations are currently being overtreated. We
established a fast and inexpensive allele-specific PCR for the 5 most common POLE mutations, which
cover around 95% of the pathogenic POLE mutations in EC'®2?%. A similar approach, QPOLE?,
demonstrate an accuracy of 98.6%, a sensitivity of 95.2% and a specificity of 100% as compared to
sequencing. Our results confirm that PCR mutation analysis identifies patients with excellent prognosis
in a clinical setting, and we are convinced that these methods will facilitate faster implementation in

clinical practice.

Almost a third of the patients in our cohort had MMRd tumors, highlighting the need to screen for Lynch
syndrome in all patients with endometrial cancer®. For patients with MMRd both TTR and CSS were

shorter compared to patients in the NSMP group, but more favorable than for patients with p53 abnormal
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tumors. Almost 20% of patients with MMRd tumors had a recurrence, calling for optimization of
postoperative treatment. The equal distribution of locoregional and para-aortic/distant relapses has also
been shown in cohorts with higher rates of adjuvant radiotherapy?. In the PORTEC studies,
radiotherapy did not improve locoregional recurrence-free survival in patients with MMRd tumors®®, As
<10% of the patients in our cohort developed locoregional relapse, this needs to be balanced with the
expected toxicity associated with pelvic radiation. One may argue that salvage radiation at the time of
locoregional recurrence is the best approach for patients with MMRd tumors, instead of adjuvant
radiotherapy to all patients in first line. Surveillance and patient awareness remain crucial to detect
locoregional recurrences early, and patients should be counselled on the risk of relapse when followed
with observation alone after surgery. Patients with MMRd recurrent disease face improved survival
when chemotherapy is combined with a checkpoint inhibitor®!, and immunotherapy alone in the
metastatic/recurrent setting is currently explored in the ongoing phase 3 trials (NCT05201547,
NCTO05173987). However, advancing treatment in first line will have a greater potential to cure patients.

Finally, we confirm high LLCAM expression as a biomarker for poor outcome in patients with NSMP
tumors'®. These patients face a high risk of CSD due to their high risk of distant recurrence calling for
evaluation of systemic treatment strategies. Some of those, in our cohort 5 of the 18 LICAM positive
cases, may also show other features of aggressive behaviour such as LVSI, illustrating the need for a
better characterization before we can recommend systematic assessment of LLCAM. Other biomarkers
such as hormone receptor expression have been explored in NSMP tumors®? underlining that this is a

heterogeneous patient group which need better characterization.

This study has some limitations, including its retrospective design. Further, the original diagnosis was
not subject to a second pathology review and LVSI was not assessed according to the most recent WHO
classificationt. However, all primary diagnoses were made by expert gynecological pathologists, thus

making the study applicable to clinical practice.

The differences in patterns of relapse, TTR and CSS by molecular groups demand a higher precision in
diagnostics in patients with low/intermediate risk EC. These results call for a more individualized
approach to adjuvant treatment already in first line. While observation alone still is a reasonable choice
for most patients with low/intermediate risk EC, patients with p53 abnormal tumors and NSMP patients

with high LLCAM expression need to be considered for adjuvant treatment strategies.
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Figure legends

Figure 1: Survival analysis of ProMisE. (a) Analysis of time to recurrence. (b) Analysis of cancer-
specific survival.

Figure 2: Survival analysis of LLCAM expression in patients with NSMP tumors. (a) Analysis of
time to recurrence. (b) Analysis of cancer-specific survival.
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