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1.1 Epidemiology of endometrial cancer

Endometrial cancer is the most common gynecological cancer in developed countries. It
primarily affects postmenopausal women aged between 60 and 85 years. The major risk
factors for developing endometrial cancer are obesity, diabetes, early age at menarche,
nulliparity, late-onset menopause, older age, and prolonged use of tamoxifen," which
are mainly associated with prolonged and/or unopposed exposure to estrogens. The
incidence of endometrial cancer has been gradually rising over the past decades, which is
attributed to ageing of the population and increased rates of obesity. The average annual
age-adjusted incidence rate of endometrial cancers was 15.3 per 100.000 women in the
Netherlands (European standardized rate) and 28.1 per 100.000 women in the United
States (2000 U.S. standard population; both based on 2014-2018 cases). Mortality was
2.2 and 5.0 per 100.000 women per year, respectively (based on 2015-2019 deaths).> 3
Incidence rates in the United States are higher, mainly due to the higher prevalence of
obesity. In addition, the rate of non-endometrioid histologies is higher, especially among
Afro-American women, resulting in higher mortality rates The majority of women
diagnosed with endometrial cancer have a favorable prognosis since they present with
early-stage disease (stage | and I, confined to the uterus) due to early symptoms of
vaginal bleeding. However, prognosis strongly depends on stage at diagnosis, and those
with advanced or metastatic disease have a poor prognosis.?
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Figure 1. Netherlands Cancer Registry: Increasing crude incidence and mortality of endometrial cancer in the
Netherlands between 1990 and 20192

1.2 Endometrial cancer classification

Risk factors have been identified to distinguish categories for risk of recurrence and
facilitate recommendations on adjuvant treatment. The prognostic risk stratification of
endometrial cancer has evolved. Importantly, a transformation from the morphology-
based classification towards an integrated model based on histologic and molecular
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features has been induced by the four molecular subclasses first described by The Cancer
Genome Atlas (TCGA).* The most recent risk classification is based on the extent of disease
(stage), histopathologic features and the molecular subclass of the tumor.®

1.2.1 FIGO staging

The current International Federation of Gynecology and Obstetrics (FIGO) staging was
published in 2009. Definitive staging is based on surgical and pathology findings, taking
into account the extent of the tumor and presence of (lymph node) metastases (Table

1). This staging system has high prognostic value; five-year overall survival for stage IA
endometrial cancer is about 95%, for stage IlIC 70% and for stage IVB 18%.3

Table 1. Endometrial cancer FIGO 2009 staging®

1A

[11]:]

Hnc
nc1
ncz2

v
IVA
IVB

Tumor confined to the corpus uteri

No or less than half myometrial invasion

Invasion equal to or more than half of the myometrium

Tumor invades cervical stroma, but does not extend beyond the uterus’
Local and/or regional spread of the tumor

Tumor invades the serosa of the corpus uteri and/or adnexa

Vaginal involvement and/or parametrial involvement

Metastases to pelvic and/or para-aortic lymph nodes

Positive pelvic nodes

Positive para-aortic nodes with or without positive pelvic lymph nodes
Tumor invades bladder and/or bowel mucosa, and/or distant metastases
Tumor invasion of bladder and/or bowel mucosa

Distant metastasis, including intra-abdominal metastases and/or inguinal nodes

“Endocervical glandular involvement only should be considered as Stage |
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1.2.2 Traditional classification and histological features

Since the 1970s, endometrial cancers have traditionally been classified into two categories
based on clinical, metabolic and endocrine features.” Type | tumors are mostly estrogen-
dependent low grade endometrioid cancers, which occur in relatively young women
at perimenopausal or postmenopausal ages. Type Il tumors are predominantly non-
endometrioid tumors among elderly women, associated with worse outcomes. However,
many cancers fall outside this simple dichotomous classification with significant overlap
between the two types and heterogeneity with respect to clinical, biological, genetic and
pathological features.

Histologically, the most common subtype is endometrioid carcinoma (=75%). Non-
endometrioid histological types are mainly serous endometrial carcinoma, clear cell
carcinoma, uterine carcinosarcoma and un/dedifferentiated carcinoma. Endometrioid
endometrial cancers are graded as low (grade 1 and 2) or high-grade (grade 3, poorly
differentiated) according to FIGO grading,® whereas all other histologic subtypes are
considered high-grade by definition.

Age, stage, and pathological features as depth of myometrial invasion, histopathologic type
and FIGO grade, have consistently shown to be of prognostic value for risk of recurrence,
metastases and survival for patients with endometrial cancer. These prognostic factors
have been used to define low, intermediate, high-intermediate, and high risk groups, and
have been based on data from earlier randomized trials. In addition, lymphovascular space
invasion (LVSI) has consistently been demonstrated to be a negative prognostic factor.
More recently, the extent of LVSI has shown to be of importance emphasizing the need
for a uniform definition and scoring system. Therefore a three-tiered scoring system of
LVSI has been defined, distinguishing no, focal or substantial LVSI with moderate to good
reproducibility.” ' This scoring system is recommended in the current WHO classification®
and ESGO/ESTRO/ESP guidelines®, defining substantial LVSI as 5 or more involved vessels.
Regardless of disease stage, substantial LVSI has been shown to be a strong independent
prognostic factor and is associated with the presence of nodal disease, disease recurrence
and impaired survival, both in presence and absence of nodal disease."™ In the
PORTEC-1 and 2 trials, it has shown to predict pelvic recurrence, distant metastasis and
overall survival in intermediate risk endometrial cancer.” In high risk disease, both with
or without documented lymph node metastases, it has shown to predict recurrence and
survival."" 1314
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1.2.3 Molecular classification

The molecular landscape of endometrial cancer was described by TCGA in 2013*
and has had profound impact on the prognostication of women with endometrial
cancer. TCGA distinguished four molecular subgroups based on somatic copy number
alterations and tumor mutational burden. These four subgroups include: ultra-mutated
endometrial cancers characterized by pathogenic variants in the exonuclease domain
of DNA polymerase-epsilon (POLE); hyper-mutated endometrial cancers characterized
by microsatellite instability (MSI) or mismatch repair deficiency (MMRd); a copy-number
high group with frequent TP53 mutations; and a copy-number low group with a low
mutational burden. In the following years, four subgroups similar to those originally
described were identified by the use of surrogate markers available in routine clinical
practice: POLE-ultramutated (POLEmut), mismatch repair deficient (MMRd), p53-abnormal
(p53abn) and No Specific Molecular Profile (NSMP).'® Given the presence of multiple
molecular classifiers in 3 to 6% of endometrial cancers', molecularly based stratification
can only be performed if there is simultaneous assessment of p53, MMR, and POLE status
according to the WHO diagnostic algorithm (Figure 2). Using this approach, the molecular
endometrial cancer classification has demonstrated to have a strong prognostic value in
clinical trials and unselected cohorts of both low-intermediate risk and high risk early-
stage endometrial cancer.’®?' Recently, the molecular groups have been integrated into
the WHO classification system 20208 and treatment guidelines®.

Endometrial cancer (histological subtype-independent)

Histology
_f/-’__’ """--..._\_‘_\_H-_ .
— T H
POLE pathogenic POLE Wildtype or
POLE status? non-pathogenic i
/\ Molecular tésting not done
~ or inconclusive
MMR statusb MMR deficient MMR proficient
: EEC, NOS
p53 statuse p53 wildtype p53 mutant SEC, NOS
J( l CCC, NOS
In_tegrate_sd EC, POLEmut | | EC, MMRd | | EC, NSMP | l EC, p53mut |
diagnosis

Figure 2. Diagnostic algorithm for the integrated histomolecular endometrial cancer classification®

EC = endometrial cancer; MMR = mismatch repair; MMRd = mismatch repair-deficient; NSMP = no specific
molecular profile.

2Pathogenic POLE variants include p.Pro286Arg, p.Val411Leu, p.Ala456Pro, p.Ser459Phe and p.Pro436Arg.

®MMR deficiency is defined by loss of one or more MMR proteins (MLH1, PMS2, MSH2, and MSH6).

‘P53 immunohistochemistry is an acceptable surrogate marker for TP53 mutation status in MMR-proficient,
POLE-wildtype EC.

11




Chapter 1

For adjuvant treatment recommendations, the molecular classification seems to be
particularly relevant in the context of high risk endometrial cancers. Even within this
seemingly unfavorable group, there is a group of patients with an excellent prognosis: the
POLEmut tumors and a group with a poor prognosis: the p53abn tumors. The MMRd and
NSMP tumors have an intermediate prognosis.?'

Testing for MMR status has been shown to predict the efficacy of checkpoint inhibition
therapy.”??* In addition, MMR immunohistochemistry can be used as screening
methodology to identify patients who may have Lynch syndrome. The majority of
MMRd endometrial cancer is caused by hypermethylation of the MLH1 promoter region,
but a small proportion is caused by Lynch syndrome (encompassing an estimated 3%
of all endometrial cancers). Lynch syndrome is a highly penetrant, hereditary cancer
syndrome caused by germline variants in one of the four DNA mismatch repair genes:
mutL homologue 1 (MLHT), mutS homologue 2 (MSH2), mutS homologue 6 (MSH6), or
postmeiotic segregation increased 2 (PMS2). Lynch syndrome associated tumors arise
following MMRd due to the somatic inactivation of the remaining wildtype MMR allele.
MMRd leads to the accumulation of mismatches, insertions, and deletions in repeated
sequences, also known as MSI. Endometrial cancer is often the first malignancy affecting
women with Lynch syndrome,? and their risk of metachronous cancer is approximately
24% at 10 years.”® The identification of Lynch syndrome in patients who present with
endometrial cancer as their first malignancy is of essential value for counselling and
cancer surveillance for both the patient and her family.

1.2.4 Prognostic risk classification

The definitions of the prognostic risk groups have changed over time and have mostly
originated from large clinical trials. Most patients present with low-risk or intermediate-risk
disease. However, about 15% of patients present with high risk disease comprising early-
stage endometrial cancer with high risk features (most notably grade 3, substantial LVSI,
non-endometrioid histology, cervical stromal involvement) and FIGO stage Il disease. The
prognostic relevance of the molecular classification has led to major modification of the
risk groups as previously defined in the ESMO-ESGO-ESTRO consensus? into an updated
risk classification in the 2020 ESGO-ESTRO-ESP guideline, which incorporated a risk
classification both with and without knowledge of the molecular subgroups® (Table 2).

Table 2. Definition of prognostic risk groups following the ESMO-ESGO-ESTRO consensus and ESGO/ESTRO/ESP

guidelines
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Risk ESMO-ESGO-ESTRO
group  consensus (2015)%

ESGO/ESTRO/ESP guidelines (2020)°

Molecular classification
unknown

Molecular classification known*

Stage | endometrioid,

Stage IA endometrioid +

Stage -1l POLEmut endometrial
carcinoma, no residual disease

- 0,
g gradel2, <50% low-grade + LVSI negative Stage IA MMRA/NSMP
- myometrial invasion, LVSI L .
neqative or focal endometrioid carcinoma + low-grade
9 + LVSI negative or focal
Stage IB endometrioid + Stage 1B MMRd/NSMP
low-grade + LVSI negative endometrioid carcinoma + low-grade
% Stage | endometrioid or focal + LVSI negative or focal
5 9 ! Stage IA endometrioid + Stage IA MMRd/NSMP
1) grade 1-2, >250% . X . . .
£ o . high-grade + LVSI negative endometrioid carcinoma + high-
= myometrial invasion, LVSI 3
g negative or focal grade + LVSI negative or focal
£ Stage IA non- Stage IA p53abn and/or non-
endometrioid without endometrioid without myometrial
myometrial invasion invasion
Stage | MMRd/NSMP endometrioid
% Stage | endometrioid + carcinoma + substantial LVSI
5 Stage | endometrioid, substantial LVSI rega'rdles's of _regar_dless of grade and depth of
£ rade 3, <50% myometrial grade and depth of invasion  invasion
g ignvasior'1 reqardless of LVSI Stage IB endometrioid Stage IB MMRd/
£ i1e9 high-grade regardless of LVSI  NSMP endometrioid carcinoma high-
I status
< status grade regardless of LVSI
T Stagell Stage Il MMRd/NSMP
endometrioid carcinoma
Stage IlI-IVA MMRd/
Stage | endometrioid, NSMP endometrioid carcinoma with
grade 3, 250% myometrial Stage llI-IVA with no no residual disease
invasion, regardless of LVSI  residual disease Stage I-IVA p53abn endometrial
) status Stage I-IVA non- carcinoma with myometrial invasion,
T Stage Il endometrioid with with no residual disease
Stage lll endometrioid, myometrial invasion, and Stage I-IVA NSMP/MMRd serous,
no residual disease with no residual disease undifferentiated carcinoma,
Non-endometrioid carcinosarcoma with myometrial
invasion, with no residual disease
- .2 .
§&  Advanced:Stagell Stage lll-IVA with residual  Stage ll-IVA with residual disease
€ ¥ residual disease and stage . P
S8 A disease of any molecular type
b, g Metastatic: IVB Stage IVB Stage IVB of any molecular type

*For stage llI-IVA POLEmut endometrial cancer and stage I-IVA MMRd or NSMP clear cell cancer with myometrial
invasion, insufficient data are available to allocate these patients to a prognostic risk group in the molecular
classification.

LVSI = lymphovascular space invasion; MMRd = mismatch repair deficient; NSMP = non-specific molecular
profile; non-endometrioid = serous, clear cell, undifferentiated carcinoma, carcinosarcoma, mixed; p53abn =
p53 abnormal; POLEmut = POLE-ultramutated.
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1.3 Treatment

1.3.1 Surgery in early-stage disease

Standard treatment for early-stage endometrial cancer consists of (laparoscopic) total
hysterectomy with bilateral salpingo-oophorectomy. Lymphadenectomy is controversial
due to the absence of survival benefit and added toxicity.?® ?° It is in most guidelines
recommended for staging purposes, and sentinel lymph node biopsy with ultra-staging
has more recently been shown to be an acceptable alternative.®

1.3.2 Adjuvant treatment

Since 1980, multiple large studies have been conducted to elucidate the role of adjuvant
treatment in early-stage endometrial cancer. This has led to more individual risk-based
adjuvant treatment recommendations based on clinicopathological risk factors, and
further refinement is ongoing. The additional value of pelvic external beam radiotherapy
has shown to be limited to tumors with high risk features (i.e. grade 3 and deep invasion
and/or LVSI, unfavorable histology, unfavorable molecular factors). For early-stage tumors
with low to intermediate risk features, treatment has been de-escalated. In case of low-
risk endometrial cancer, no adjuvant treatment is recommended since the prognosis is
excellent with surgery alone. This is supported by the PORTEC-1, GOG-99 and ASTEC/
ENS5 trials. Although these trials showed a significant reduction in the rate of locoregional
recurrence, no overall survival benefit was found compared to no additional treatment.3'33
Moreover, in a Swedish trial for low-risk endometrial cancer, overall recurrence and survival
rates were similar after vaginal brachytherapy compared to no additional treatment.
Without adjuvant radiotherapy, the risk of recurrence is highest in the vaginal vault
region. In the case of vaginal relapse, salvage radiotherapy by pelvic radiotherapy and
brachytherapy has been shown to be highly effective. The PORTEC-2 trial and Swedish trial
among patients with early-stage (high)-intermediate disease*3’ have shown that vaginal
brachytherapy leads to a similarly high local control compared to pelvic radiotherapy,
and this became the standard adjuvant treatment for women with high-intermediate risk
endometrioid type endometrial cancer.

While adjuvant treatment with pelvic radiotherapy improves vaginal, pelvic and para-
aortic nodal control, and thus is indicated for early-stage endometrial cancer with high
risk features, adjuvant chemotherapy has been investigated to reduce the risk of distant
metastases. Two randomized trials compared both treatment modalities in intermediate
or high risk endometrial cancer; Susumu et al. included mainly intermediate risk disease
(stage IB and/or low grade), while in the trial of Maggi et al. 66% of the population had
stage lll disease. In both trials, the pelvic radiotherapy and chemotherapy arms showed
similar recurrence-free survival rates.® %
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Subsequently, the combination of chemotherapy and radiotherapy has been investigated.
A benefit of combined chemoradiotherapy in comparison with pelvic radiotherapy alone
was suggested by the pooled analysis of the NSGO9501-EORTC55991 trial, which mainly
included stage | with grade 3 and/or deep myometrial invasion endometrial cancer of
endometrioid, serous and clear cell types, and the MaNGO-lliade IlI trial which included
stage II-lll endometrioid type endometrial cancer. Significantly longer progression-free
survival (5-year PFS 69% vs 78%, HR 0.63, 95% Cl 0.44-0.89; p = .009) and a trend for
improved overall survival (5-year OS 75% vs 82%, HR 0.69, 95% Cl 0.46-1.03; p = .07) were
reported with added platinum-based chemotherapy.* The beneficial effect of combined
chemoradiotherapy versus pelvic radiotherapy alone was confirmed by the PORTEC-3
trial. The PORTEC-3 trial included patients with stage | grade 3 endometrioid endomettrial
cancer with myometrial invasion or LVSI; stage Il or lll endometrioid endometrial cancer;
or stage | to lll with serous or clear-cell histology. Both progression-free survival (5-year
PFS 76% vs 69%, HR 0.70; p = .016) and overall survival (5-year OS 81% vs 76%, HR 0.70; p
=.034) were improved after chemoradiotherapy. The highest absolute benefit was seen in
patients with serous cancer (19%) and those with stage Il disease (10%).*'

Simultaneously with the PORTEC-3 trial, the role of pelvic radiotherapy for locoregional
control of high risk endometrial cancer was investigated in early-stage and more advanced
disease. In stage I-Il tumors, the importance of pelvic radiotherapy was supported by the
GOG-249 trial, which showed better pelvic and peri-aortic nodal control 5 years after
adjuvant pelvic radiotherapy compared to combined brachytherapy and 3 cycles of
carboplatin-paclitaxel chemotherapy (4% vs 9%, HR 0.47, 95% Cl 0.24-0.94). Recurrence-
free and overall survival were similar in both arms, while chemotherapy induced a higher
degree of acute toxicity. There was little difference in late toxicity; however quality of life
outcomes showed worse physical functioning at 6 months and more sensory neuropathy
in the chemotherapy arm at 24 months.*? In the more advanced setting (stage llI-IVA),
adjuvant pelvic radiotherapy combined with chemotherapy was compared to 6 cycles
of carboplatin-paclitaxel chemotherapy alone in the GOG-258 trial, which included in
majority FIGO Stage IlIC endometrial cancer (few with residual disease). Recurrence-free
survival was comparable between the arms (5-year RFS 59% vs 58%, HR 0.90, 90% Cl 0.74
-1.10, p =.20), and to the FIGO stage Ill pelvic radiotherapy alone arm in the PORTEC-3 trial
(5-year RFS 58%), but not to the FIGO stage Il chemoradiotherapy arm in the PORTEC-3
trial (5-year RFS 71%) which emphasizes the difference in included patients. However,
combined chemoradiotherapy reduced the risk of pelvic and peri-aortic nodal relapse
compared to chemotherapy alone (11% vs 20%, HR 0.43, 95% Cl 0.28-0.55).%
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1.3.3 Treatment for advanced disease

Treatment in the advanced or recurrent setting should be discussed in a multidisciplinary
team on a case-by-case basis, considering fitness and wishes of the patient, extent of
disease, and prior treatment. Treatment options for advanced pelvic disease include
surgical cytoreduction or definitive radiotherapy with or without neoadjuvant, concurrent
or adjuvant systemic therapy.® In case of non-localized disease systemic options should be
considered. Response to hormonal treatment is seen in up to 55% of the patients with
advanced or recurrent low grade, endocrine receptor positive endometrial cancer.*** For
all other patients with recurrent or metastatic endometrial cancer, chemotherapy with
carboplatin and paclitaxel is the standard first line treatment. In case of progression after
a long platinum-free interval, re-introduction of platinum can be considered. However,
objective response rates are limited to about 10-15%. Therefore, with the evolving
molecular knowledge, trials with new treatment strategies have been performed and
are ongoing. Immunotherapy has shown to be promising in MMRd endometrial cancer.
The single arm phase 2 KEYNOTE-158 and GARNET-trial have shown efficacy of the
PD-1 inhibitors pembrolizumab and dostarlimab in chemoresistant MMRd endometrial
cancer, with objective response rates of 48% and 42%, respectively, with durable
responses.®® 4 The primary results have led to accelerated US Food and Drug
Administration (FDA) approval of pembrolizumab (2017) and FDA and European
Medicines Agency (EMA) approval of dorstarlimab (2021) for the second-line treatment
for MMRd recurrent or advanced endometrial cancer. The combination of pembrolizumab
and antiangiogenic agent Lenvatinib received accelerated FDA approval (2019) for MMR-
proficient advanced or recurrent endometrial cancer and EMA approval for all patients
with advanced or recurrent endometrial cancer who have disease progression on or
following treatment with a platinum containing therapy and are not candidates for
curative surgery or radiotherapy. This combination has shown an objective response rate
of 30% in the KEYNOTE-146/Study 111 and Study-309/KEYNOTE-775 compared to 15%
after chemotherapy, and it has demonstrated an improvement of median overall survival
from 12.0 months to 17.4 months and median progression-free survival from 11.4 months
to 18.3 months.*® # Further research into immunotherapy used as monotherapy or in
combination with targeted therapies is discussed in chapter 5.

1.4 Toxicity and quality of life

For each patient, the potential benefit of therapy should be weighed against the costs
of longer treatment duration, increased toxicity, and influence on short-term and long-
term health-related quality of life (HRQOL). Toxicity is most frequent and severe during
treatment, but the lower grade persisting toxicities should not be neglected. Acute grade
1 or 2 gastrointestinal toxicity is frequently (>50%) reported after pelvic radiotherapy.®
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Pelvic radiotherapy is associated with higher risk of long-term grade 1 to 2 urinary
urgency and minor incontinence, and gastrointestinal symptoms such as diarrhea and
fecal leakage, impacting physical and role functioning.®' Meanwhile, women treated with
vaginal brachytherapy report better HRQOL, similar to that of an age-matched normative
population.®

In the analysis of short-term toxicity and HRQOL in the PORTEC-3 trial, the addition of
chemotherapy to pelvic radiotherapy worsened the toxicity profile with more frequent
and more severe adverse events, mainly hematologic, gastrointestinal and neurologic
toxicities, and impaired HRQOL during and after chemoradiation. However, rapid recovery
was seen; from 12 months onward, there was no between-group difference in grade 3to 4
toxicity, and grade 2 or higher sensory neuropathy was the main persistent adverse event
at 24 months in 10% of patients after chemoradiation.’

In the advanced setting, treatment tolerability is of high importance. Hormonal therapy
is generally well tolerated with grade 3 or higher adverse events reported in only 1 to 5%
of the patients.*> Chemotherapy is known to have significant treatment-related toxicity
with grade 3 or higher adverse events in 73%.* For checkpoint inhibition monotherapy,
awareness of immune-related adverse events is warranted, although it is generally well-
tolerated with grade 3 or higher treatment-related adverse events in about 10 to 20%.232*
4647 The combination of checkpointinhibition with Lenvatinib is associated with significant
treatment-related toxicity. Grade 3 or 4 adverse events occurred in 89% of patients, most
commonly hypertension (38%). This led to frequent interruption or dose reductions, and
drug discontinuation in 33% of the patients, whereof in 14% of both agents. The reported
HRQOL of women who received pembrolizumab and lenvatinib was comparable to the
chemotherapy group.* Other combinations of checkpoint inhibition with other targeted
therapies, such as Poly (ADP-ribose) polymerase (PARP) inhibition, are ongoing and will be
discussed in chapter 5 and 6.

1.5 Aims and outline of this thesis
The overall aims of this thesis were:

+ To evaluate health-related quality of life up to 5 years after chemoradiotherapy
compared with pelvic radiotherapy alone in the adjuvant treatment of high risk
endometrial cancer in the PORTEC-3 trial;

- To investigate the preferences of patients and clinicians regarding the benefit-risk
trade-off of the addition of chemotherapy to adjuvant pelvic radiotherapy;

17
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« To investigate the prevalence and prognosis of Lynch syndrome-associated
endometrial cancer among MMRd endometrial cancers;

+ To evaluate the role of combined checkpoint inhibition and PARP inhibition in
women with metastatic or recurrent endometrial cancer in terms of progression-free
survival and toxicity in the DOMEC trial.

Chapter 2 describes the long-term adverse events and patient-reported HRQOL up
to 5-years after adjuvant treatment with concurrent chemoradiotherapy or pelvic
radiotherapy alone in the PORTEC-3 trial. Subsequently, the actual differences in
overall survival and symptoms known from the PORTEC-3 trial were used in a trade-off
questionnaire for patients and clinicians. Chapter 3 presents the participants' considered
sufficient benefit to exceed the risks of adding chemotherapy to radiotherapy, and the
factors that were considered important and influenced decision making.

The diagnosis of Lynch syndrome in endometrial cancer is crucial for counseling and
cancer surveillance of patients and their relatives. Given its relative rarity, the prevalence
and prognosis of Lynch syndrome are not well known. In chapter 4 the prevalence
and prognosis of Lynch syndrome-associated endometrial cancer in relation to MMRd
endometrial cancer due to MLH1-hypermethylation or other causes is investigated in the
large combined cohort of the PORTEC-1, -2 and -3 trials. In addition, the value of IHC-
based tumor screening for MMRd is evaluated.

In chapter 5, we reviewed the literature on checkpoint inhibition and PARP inhibition
as monotherapy or combined treatment in recurrent or metastatic endometrial cancer.
It presents the rationale for combination therapy with these targeted agents and an
overview of the current and future clinical trials that investigate the potential of these
agents in recurrent or metastatic endometrial cancer. In chapter 6, the (progression-free)
survival and toxicity results of the phase 2, multicenter trial of combined Durvalumab with
Olaparib in Metastatic or recurrent Endometrial Cancer (DOMEC) are presented.

Chapter 7 provides a summary and a general discussion of the data presented in this
thesis, focusing on implications for clinical practice and future perspectives for patients
with endometrial cancer.
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ABSTRACT

Purpose

The survival results of the PORTEC-3 trial showed a significant improvement in both overall
and failure-free survival with chemoradiotherapy versus pelvic radiotherapy alone. The
present analysis was performed to compare long-term adverse events (AE) and health-
related quality of life (HRQOL).

Methods and materials

In the study, 660 women with high risk endometrial cancer were randomly assigned
to receive chemoradiotherapy (2 concurrent cycles of cisplatin followed by 4 cycles
of carboplatin/paclitaxel) or radiotherapy alone. Toxicity was graded using Common
Terminology Criteria for Adverse Events, version 3.0. HRQOL was measured using EORTC
QLQ-C30 and CX24/0V28 subscales and compared with normative data. An as-treated
analysis was performed.

Results

Median follow-up was 74.6 months; 574 (87%) patients were evaluable for HRQOL. At 5
years, grade >2 AE were scored for 78 (38%) patients who had received chemoradiotherapy
versus 46 (24%) who had received radiotherapy alone (p = .008). Grade 3 AE did not
differ significantly between the groups (8% vs 5%; p = .18) at 5 years, and only one new
late grade 4 toxicity had been reported. At 3 and 5 years, sensory neuropathy toxicity
grade =2 persisted after chemoradiotherapy in 6% (vs 0% after radiotherapy; p < .001)
and more patients reported significant tingling or numbness at HRQOL (27% vs 8%, p
< .001 at 3 years; 24% vs 9%, p = .002 at 5 years). Up to 3 years, more patients who had
chemoradiotherapy reported limb weakness (21% vs 5%; p < .001) and lower physical (79
vs 87; p < .001) and role functioning (78 vs 88; p < .001) scores. Both treatment groups
reported similar long-term global health/quality of life scores, which were better than
those of the normative population.

Conclusions

This study shows a long-lasting, clinically relevant, negative impact of chemoradiotherapy
on toxicity and HRQOL, most importantly persistent peripheral sensory neuropathy.
Physical and role functioning impairments were seen until 3 years. These long-term data
are essential for patient information and shared decision-making regarding adjuvant
chemotherapy for high risk endometrial cancer.
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Introduction

The majority of endometrial cancers are diagnosed at an early stage, but 15% to 20% of
women with endometrial cancer present with high risk disease. These high risk cancers
are characterized by higher grade, advanced stage, or non-endometrioid histology. In
contrast to the favorable prognosis of most early-stage endometrial cancers, the high
risk group has an increased incidence of distant metastases and cancer-related death.
Adjuvant pelvic radiotherapy has been the standard of care for these patients to maximize
locoregional control;" however, chemotherapy could reduce distant metastases.

The randomized PORTEC-3 trial was initiated to evaluate the benefit of combined
adjuvant pelvic radiotherapy and chemotherapy versus pelvic radiotherapy alone for
women with high risk endometrial cancer. The updated survival analysis of the PORTEC-3
trial showed a significant benefit in 5-year overall survival and failure-free survival with
absolute improvement of, respectively, 5% (81% vs 76%, hazard ratio [HR] 0.70; p = .034)
and 7% (76% vs 69%, HR 0.70; p = .016) after chemoradiotherapy. Patients with serous
cancers and those with stage lll disease were shown to benefit most from the addition
of chemotherapy (absolute overall survival improvement of 19% and 10%, respectively,
and failure-free survival improvement of 12% and 13%).2 For each individual patient,
the potential survival benefit of chemotherapy should be weighed against the costs of
longer treatment duration, increased toxicity, and influence on health-related quality of
life (HRQOL).

Pelvic radiotherapy is associated with risks of long-term urinary urgency and incontinence,
and bowel symptoms such as diarrhea and fecal leakage, as well as lower physical and
role functioning.>* In the analysis of short-term toxicity and HRQOL in the PORTEC-3 trial,
the addition of chemotherapy was shown to worsen the toxicity profile with more severe
adverse events (AE) and impaired HRQOL during and after chemoradiotherapy. However,
rapid recovery was seen; from 12 months onward there was no between-group difference
in grade 3 to 4 toxicity, and grade 2 or higher sensory neuropathy was the main persistent
AE at 24 months in 10% after chemoradiotherapy.® Several studies have reported a
negative correlation between chemotherapy-induced peripheral neuropathy (CIPN) and
physical functioning or HRQOL.6™

The present analysis was performed to establish long-term AE and patient-reported
HRQOL for up to 5-year follow-up in women with high risk endometrial cancer treated in
the PORTEC-3 trial. The secondary objective was to evaluate whether specific conditions
are correlated to HRQOL.
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Methods and materials

Patient population and study design

Details of this open-label, multicenter, randomized phase 3 trial have been reported
previously.>>'2 Briefly, patients were enrolled at 103 centers through 6 clinical trial groups.
Patients were eligible if they had high risk endometrial cancer, defined as histologically
confirmed International Federation of Gynecology and Obstetrics (FIGO) 2009 stage |
endometrioid endometrial cancer grade 3 with myometrial invasion or lymph-vascular
space invasion; stage Il or lll endometrioid endometrial cancer; or stage | to lll serous
or clear-cell histology. Surgery consisted of hysterectomy with bilateral salpingo-
oophorectomy; clinically suspicious pelvic or periaortic lymph nodes were removed, but
lymphadenectomy was not mandatory. Patients were randomly assigned (1:1) to receive
pelvic radiotherapy (48.6 Gy in 1.8 Gy fractions, with a brachytherapy boost in case of
cervical stromal involvement) or chemoradiotherapy (2 cycles of cisplatin 50 mg/m2 in
weeks 1 and 4 of radiotherapy, followed by 4 cycles of carboplatin AUC5 and paclitaxel
175 mg/m2 at 3-week intervals). The study was approved by the Dutch Cancer Society and
ethics committees of participating groups.

Study outcome measures

A prespecified secondary objective of the PORTEC-3 trial was to assess AE (grade =2
irrespective of study treatment, according to Common Terminology Criteria for Adverse
Events [CTCAE] version 3.0) and for mild toxicities (grade 1) HRQOL using the European
Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core
30 (EORTC QLQ-C30), the cervix 24 (CX24) module, and added neuropathy subscale and
other chemotherapy side effect subscale items from the ovarian 28 (OV28) module.'*'
These were used because the EORTC endometrial module was not yet available at the
time of study design. HRQOL questionnaires were completed at baseline (after surgery),
after radiotherapy, and at 6, 12, 18, 24, 36, and 60 months from randomization and were
discontinued upon diagnosis of recurrence or death. For all items, Likert-type response
scales were used ranging from 4 to 7 points. Higher scores on functional and global HRQOL
scales represented better levels of functioning. Higher scores on symptom subscales
reflected higher levels of symptoms.

Statistical analysis

We used X?statistics or the Fisher exact test for categorical variables and the t test or Mann-
Whitney U test for continuous variables to compare patient and tumor characteristics
(significance p value <.05). No specific power calculations were done for toxicity and
HRQOL analysis. However, the sample size ensured sufficient power to detect clinically
relevant differences. Toxicity and HRQOL were analyzed according to treatment received.
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The prevalence of toxicity was calculated at each timepoint (using the maximum grade
scored) and compared between the 2 treatment groups by the Fisher exact test.

Patients who completed baseline and at least 1 follow-up questionnaire were evaluable
for HRQOL analysis. Missing data were handled as missing at random. As in previous
analysis, a prespecified HRQOL analysis was done according to the EORTC Quality of Life
Group guidelines.>™ A linear mixed model was used to obtain estimates for the EORTC
QLQ-C30, CX24, and OV28 subscales at each of the timepoints, with patient as random
effect and time (categorical), treatment, and their interaction as fixed effects. Single items
were analyzed with generalized mixed models (binary) logistic regression with the same
random and fixed effects as in the linear mixed model, combining scores of 1 to 2 (“not at
all”and “a little”) and 3 to 4 (“quite a bit” and “very much”). Additional linear mixed models
were used within treatment arms with time, age, and their interaction as fixed effects.
The difference in HRQOL between the groups over time was tested by a joint Wald test
of all treatment-by-time interaction in the linear or logistic mixed model. Age-matched
normative population means'®'” were compared with both treatment groups using the
t test. General population normative data of more than 1500 women across Europe and
North America aged 60 to 69 years'® were used for the EORTC QLQ-C30 scales, and general
Dutch population normative data of 87 women aged 61 to 70 years were used for sexuality
items.”

Guidelines on the interpretation of clinically relevant between-group differences in
EORTC QLQ-C30 scores were applied (trivial, small, medium, or large differences per
scale).” An additional post hoc analysis was performed to assess long-term (3-year and
5-year mean) changes from baseline at individual level. Between-group differences on
scales not included in the guidelines and long-term changes were assessed according to
Osoba et al.” Improvement and deterioration were defined respectively as a =10-point
increase or decrease, and a stable score was defined as a <10-point change. Changes were
compared between treatment groups using the Fisher exact test. In addition, Kendall’s
rank correlation was used post hoc to measure the ordinal association between different
HRQOL items and scales. Finally, stepwise binary logistic regression with likelihood ratio
test-based backward selection was performed to identify risk factors for developing
tingling/numbness, including diabetes, cardiovascular disease, hypertension, age (=70
years), type of surgery, performance status, and chemotherapy compliance.

To guard against false-positive results due to multiple testing, a 2-sided p value <.01 was
considered statistically significant, and p values <.05 were reported as a trend. Statistical
analyses were done with SPSS, version 25, and R, version 3.6.1.
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Table 1. Characteristics of as-treated population by treatment group.

Results

Study population and compliance
The PORTEC-3 trial accrued 660 eligible patients between 2006 and 2013; 333 patients
received radiotherapy alone and 327 patients received chemoradiotherapy. At the time

Chemoradiotherapy
n=327

Radiotherapy alone

n=333

Age at randomization (y)

Median

61.9(55.9-68.1)

62.5 (56.5 - 68.0)

of analysis, median follow-up was 74.6 months (interquartile range, 60-86). Patient and <60 127 (39%) 141 (42%)
treatment characteristics were well balanced between the groups (Table 1). 60-69 142 (43%) 130 (39%)
>70 58 (18%) 62 (19%)
Baseline questionnaires and at least 1 follow-up questionnaire were received from 574 WHO performance score
(87%) patients (292 in the chemoradiotherapy group and 282 in the radiotherapy-alone 0-1 320 (98%) 327 (98%)
group). At 3 years, the completion rate was 89%, and at 5 years it was 63% (Appendix 2 5 (2%) 5 (2%)
Table A1). Age distribution remained constant over time (data not shown). World Health Comorbidities
Organization performance score differed between responders and nonresponders Diabetes 45 (14%) 36 (11%)
at baseline, with a score of =2 in 5 (1%) of the 574 responders versus 5 (6%) of the 86 Hypertension 115 (35%) 105 (32%)
non-responders (p = .005, Appendix Table A3). At baseline, 88% of the responders had Cardiovascular 29 (9%) 20 (6%)
completed all items of the EORTC QLQ-C30, 83% all items of the CX24 subscales, 95% all FIGO 2009 stage
nonsexual items, and 91% all items of the OV28 subscale. la 39 (12%) 39 (12%)
Ib 58 (18%) 59 (18%)
[ 79 (24%) 91 (27%)
o A 18 . 2::3:: i 151 (46%) 144 (43%)
X Grade 2 Type of surgery
.3 s | — l TAH-BSO 94 (29%) 97 (29%)
.g TAH-BSO with LND or full staging 142 (44%) 134 (40%)
§ _ TLH-BSO 44 (13%) 44 (13%)
g 50+ 1 TLH-BSO with LND or full staging 47 (14%) 58 (17%)
.g —_— _ [ | | — Treatment completion
5 —_
8_ 55 | RT completion 326 (100%) 328 (98%)
g Brachytherapy boost 149 (46%) 160 (48%)
1 cycle cisplatin 325 (99%) 0
0 T T T T T T T T T T T T T T T 2 cycles cisplatin 304 (93%) 0
%L,é\‘\e (&of/”\ 6‘°§% \;\@é "J\e& ” *e?’@ B \\e& %%é\‘& {\Q%Qi\ \\’b&é &o@b \/&ﬁg\ qﬁ&k‘j ” \\e?& o \\e?’& 1 cycle carboplatin/paclitaxel 303 (93%)/303 (93%) 0
T e MRS vt&\‘) © 2 cycles carboplatin/paclitaxel 295 (90%)/295 (90%) 0
Numberof 333 333 333 322 302 277 193 327 327 327 326 313 292 269 207 3 cycles carboplatin/paclitaxel 279 (85%)/266 (82%) 0
assess_ab'e 4 cycles carboplatin/paclitaxel 262 (80%)/235(72%) 0
patients

Figure 1. Incidence of the maximum physician-reported adverse event grades per patient for each timepoint at
baseline, during treatment, at 6 months follow-up and at, 1, 2, 3 and 5 years follow-up after pelvic radiotherapy
alone (A) and combined pelvic radiotherapy and chemotherapy (B).

CT = chemotherapy; RT = radiotherapy.

Data are median (IQR) or n (%). FIGO = International Federation of Gynaecology and Obstetrics; TAH = total
abdominal hysterectomy; BSO = bilateral salpingo-oophorectomy; LND = lymph node dissection; TLH = total
laparoscopic hysterectomy; RT = radiotherapy.



30 | Chapter 2

Adverse events

AE reported over time are summarized in Table 2 and Figure 1. At baseline (after surgery),
no significant between-group differences were found; grade >2 baseline AE were scored
for 143 (44%) patients in the chemoradiotherapy group and 124 (37%) patients in the
radiotherapy group. The most frequently scored AE was hypertension (27%). At 5 years,
grade >2 AE were reported for 78 (38%) patients who had received chemoradiotherapy
versus 46 (24%) patients who had received radiotherapy (p = .008); grade =2 sensory
neuropathy persisted in 13 (6%) after chemoradiotherapy versus none after radiotherapy
alone (p <.001). Other grade =2 AE did not significantly differ between groups at 5 years,
including hypertension in 10% and urinary incontinence in 5% in both groups. Urinary
urgency was reported in 9 (4%) versus 3 (2%) patients after chemoradiotherapy versus
radiotherapy; any gastrointestinal toxicity in 17 (8%) versus 11 (6%), including diarrhea in
9 (4%) versus 7 (3%) and pain in 18 (9%) versus 9 (5%); and most often arthralgiain 11 (5%)
versus 5 (3%). Grade 3 AE did not differ significantly between the groups at 5 years (5% vs
8%; p =.18),and only 1 new grade 4 AE was reported (ileus/obstruction requiring surgery
5 years after chemoradiotherapy).

HRQOL subscales

Results of the EORTC QLQ-C30 functioning and global health/quality of life (QOL)
subscales and CX24 and OV28 subscales are summarized in Table 3. Up to 3 years, small
clinically relevant differences were found for physical and role functioning (Figure 2A, 2B).
At 3 years, mean scores were 79 versus 87 (p < .001) for physical functioning and 78 versus
88 (p < .001) for role functioning after chemoradiotherapy and radiotherapy, respectively;
these scores were trivially different from the age-matched normative population. Long-
term global health/QOL scores were not statistically or clinically different between the
treatment groups. However, small to medium clinically relevant better scores were seen
in the PORTEC-3 study population compared with the normative population (Figure 2C).
Trends for worse long-term pain and fatigue symptom scores after chemoradiotherapy
were seen, with the largest difference at 3 years (20.5 vs 14.1, p =.008; 26.0 vs 20.7, p = .015,
respectively); these were small but clinically relevant differences. No long-term significant
differences in social, cognitive, and emotional functioning were found between treatment
groups or in comparison to the normative population (Appendix Figure A1, A2).

Among patients who had received chemoradiotherapy, age groups (<70 vs =70 years)
differed in their change in scores over time for physical functioning (p < .001), role
functioning (p =.011), global health/QOL (p < .001), pain (p = .004), and fatigue (p =.002);
being more unfavorable in older patients. This also applies within the radiotherapy group
for the physical and role functioning scores (p < .01), although not for global health/QOL
(p = .42), pain (p = .33), and fatigue (p = .19). Data are displayed in Appendix Figure A3.
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Figure 2. Patient functioning on subscales from EORTC QLQ-C30 for physical functioning (A), role functioning
(B), global health status/quality of life (C).

A higher score indicates a higher level of functioning or activity. Error bars show 95% Cl. EORTC QLQ-C30 =
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; p time by
treatment = difference between the two treatment groups over time; p 3yrs by treatment = difference between
the two treatment groups at 3 years; p 5yrs by treatment = difference between the two treatment groups at 5
years; CT = chemotherapy; Norm = mean scores of age-match normative data based on women aged 60-69
years across 13 European countries, Canada and the United States;'® RT = radiotherapy.
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Table 2. Adverse events reported by physicians using Common Terminology Criteria for Adverse Events version
3.0 during treatment and at 3 and 5 years follow-up.

Maximum grade per patient during treatment Maximum grade per patient at 3 years Maximum grade per patient at 5 years
CTRTn=327;RTn=333 CTRTn=269; RTn=277 CTRTn=207;RTn=193
Grade 2 Grade 3/4 Grade 2 Grade 3/4 Grade 2 Grade 3/4
CTRT RT p* CTRT RT pi# CTRT RT p* CTRT RT p# CTRT RT p* CTRT RT p#
n (%) n (%) n (%) n (%) n (%) n (%) n(%) n(%) n (%) n (%) n(%) n(%)

Any 110 (34) 103 (31) <0.01 198(61) 41(12) <0.01 63 (23) 49(18) 0.04 21(8) 16(6) 0.40 60 (29) 37(19) <0.01 18(9) 9(5 0.18

Any grade 3 na na 148 (45) 41(12) na na 20(7) 16(6) na na 17(8) 9(5)

Any grade 4 na na 50 (15) 0(0) na na 1(0) 0(0) na na 1(0) 0(0)
Auditory/hearing 14 (4) 3(M) <0.01 1(0) 1(0) 1.00 1(0) 1(0) 1.00 1(0) 1(0) 1.00 4(2) 1(1) 0.29 2 (1) 1(1) 1.00
Hypertension 19 (6) 12(4) 010 6(2) 3(1) 0.34 15 (6) 17 (6) 075 5(2) 6(2 100 16(8) 17.(9) 063 4(2) 5(3) 074
Lymphatics (edema) 7(2) 4(1) 0.17 2(1) 0(0) 0.25 3(1) 1(0) 0.12 2(1) 0(0) 0.24 5(2) 2(1) 0.45 0(0) 0(0) 1.00

Gastrointestinal - any 145 (44) 79 (24) <0.01 47(14) 18(5) <0.01 11(4) 17 (6) 0.46 2(1) 1(0) 0.62 15(7) 10 (5) 043 2(1) 1(1) 1.00
Diarrhea 103(31)  68(20) <0.01 35(11) 14 (4) <0.01 4(1) 8(3) 042  1(0) 10 100 7(3) 7(4) 080 2(1) 0(0) 050
lleus/obstruction 3(1) 5(2) 0.77 2(1) 2(1) 1.00 0(0) 0(0) 0.49 1(0) 0(0) 0.49 2(1) 1(1) 0.22 3(1) 0(0) 0.25

Hematological - any 100 (31) 19 (6) <0.01 149 (46) 18(5) <0.01 3(1) 3(1) 1.00 1(0) 2(1) 1.00 5(2) 5(3) 1.00 0(0) 0(0) 1.00
Lymphocytes 48 (15) 16 (5) <0.01 109 (33) 17 (5) <0.01 1(0) 0(0) 049 0(0) 0() 100 3(1) 4(2) 072 0(0) 0(0) 1.00

Neuropathy - any 82(25) 1(0) <0.01 23(7) 0(0) <0.01 18(7) 2(1) <0.01 2(1) 0(0) 0.24 13 (6) 0(0) <0.01 1(0) 0(0) 1.00
Neuropathy - motor 13 (4) 1(0) <0.01 4(1) 0(0) 0.06 3(1) 2(1) 0.44 1(0) 0(0) 0.49 1(0) 0(0) 0.50 1(0) 0(0) 1.00
Neuropathy - sensory 79 (24) 0(0) <0.01 22(7) 0(0) <0.01 18(7) 1(0) <0.01 2(1) 0(0) 0.24 12(6) 0(0) <0.01 1(0) 0(0) 1.00

Pain - any 101 (31) 23(7) <0.01 31(9) 4(1) <0.01 17 (6) 15 (5) 0.30 4(1) 0(0) 0.06 15(7) 6(3) 0.12 3(1) 3(2) 1.00
Arthralgia 52(16) 2(1) <0.01 10(3) 0(0) <0.01 2(1) 5(2) 0.73 1(0) 0(0) 0.49 9 (4) 4(2) 0.20 2(1) 1(1) 1.00
Muscle pain 52(16) 1(0) <001 9(3) 0(0) <0.01 3(1) 0(0) 012 0(0 0(0) 1.00 1(0) 1(1) 0.61 0(0) 1(1) 048
Back/pelvic/limbs 10(3) 4(1) <0.01 11(3) 0(0) <0.01 4(1) 3(1) 0.50 1(0) 0(0) 0.49 0(0) 2(1) 0.11 0(0) 1(1) 048
Abdomen/cramps 14 (4) 9(3) 0.28 4(1) 4(1) 1.00 5(2) 1(0) 0.07 1(0) 0(0) 0.49 2(1) 0(0) 0.12 2(1) 0(0) 0.50

Musculoskeletal (other) 2(1) 2(1) 050  2(1) 0(0) 0.50 1(0) 0(0) 024 1(0) 0() 049 0(0 1(1) 1.00 0(0) 0() 100
Pulmonary - dyspnea 14 (4) 2(1) 0.25 5(2) 0(0) 0.03 1(0) 0(0) 1.00 0(0) 1(0) 1.00 2(1) 0(0) 0.50 0(0) 0(0) 1.00

Genitourinary
Incontinence 12(4) 5(2) 0.06 1(0) 0(0) 0.50 8(3) 3(1) 009 1(0) 0() 049 84 9(5) 1.00 0() 0(0) 1.00
Obstruction 0(0) 1(0) 1.00 0(0) 0(0) 1.00 0(0) 0(0) 0.49 0(0) 1(0) 0.49 0(0) 0(0) 1.00 0(0) 0(0) 1.00
Urinary urgency 24 (7) 10(3) 0.01 2(1) 2(1) 1.00 7(3) 5(2) 0.57 0(0) 0(0) 1.00 9 (4) 3(2) 0.14 0(0) 0(0) 1.00

Constitutional
Fatigue 69 (21) 7(2) <0.01 10(3) 0(0) <0.01 1(0) 0(0) 0.49 0(0) 0(0) 1.00 0(0) 3(2) 0.11 0(0) 0(0) 1.00
Other 31(9) 2(1) <0.01 3(1) 0(0) 0.12 1(0) 0(0) 0.24 1(0) 0(0) 0.49 2(1) 0(0) 0.25 1(0) 0(0) 1.00

Other toxicity 0(0) 0(0) 1.00 0(0) 0(0) 1.00 0(0) 1(0) 100 1(0) 0 049 2(1) 2(1) 069 2(1) 0(0) 050

Adverse events were calculated at each timepoint. Per adverse event, the maximum grade per patient was CTCAE v3.0 = Common Terminology Criteria for Adverse Events version 3.0; CTRT = combined chemotherapy
calculated (worst ever by patient). For grade 2, 3, and 4 adverse events, p values less than or equal to 0.01 were and radiotherapy; RT = radiotherapy.

deemed significant. p* = significant level < 0.01 for grade >2. p# = significant level <0.01 for grade 3 and 4.



Long-term toxicity and HRQOL in the PORTEC-3 | 35

34 | Chapter 2

"2V d|qel Areyuswaiddns ul payidads aie 3jedsgns Sy} Ul PIPN|dUl SWdY|

"9DUBIDYIP WINIPIW JueAS[RI A|[BDIUID L

"DUIBYPIP ||ews JURAS|DJ A[|edIul| Dy

*2102s syuai3ed-Apnis s1eak-g 03} pasedwod SSOUIIBYIP WNIPSW/|[eWS JURAS|D. A|jed1uld pue Juedyiubis A|ednsiiels

S)J0U3P UWIN|OD-,WION, dY} Ul SINJeA plog {|9A3] L0"0>d 33 3o 9ouedyIubis [eD13S13e)S SJ0USP SSN[A PlOg "SDUIIYIP WNIPSW = |A] ‘SOUISYIP |[BWS = G ‘SDUIIIYIP [BIAL}
=] ‘sieak g 3e 3duRdYIUBIS [BDIUID = S SIeSA G 1 sAN0IB JUSWIRI} OM) S} UDIMISC DUBISHIP = IAG 1 X d !si1eak € Je sdnolb Juswieal) 0Mm) dY3 USIMID] SdUIRYIP =
A€ 3 X] d 2w} J9A0 SAN0IB JUSWIIRSI) OM] B} USIMIDQ 3DUIIHIP = X| Ag dwi] d !sdnoih Jusweal} oM} SY3 USSMISC DUDISHIP = X| d ‘W3 JI9A0 $2103s jI|-jo-AHjenb
Jo sabueyd = awi] d Juswiealy = X| ‘341 Jo Aujenb pajejal-yieay = JODYH ‘UBLEAO = AQ XIAIDD = XD o, "Uole|ndod SAzeWIOU paydlew-abe = wiop ‘Adesayolpel = |y
‘Adesayiolpes pue Adeiayowayd pauiquiod = 4] ‘0€D dieuuonsanb )| Jo Ajenb Jadued Jo Juswieal] pue ydiessay Joy uoneziuebig uesdoing = 0£d-010 DLHO3
‘swoldwiAs Jo [9A3] JaybIY e $19}431 31005 JayBIy e ‘sajeds woldwAs 3y} 104 ‘BuiuolIdUN JO [9AS] JoNS] e Judsaidal djeds 31| Jo Ayjenb jeqo|b pue

swa) Buuonduny oy sa10ds IYBIH ‘(sduldpinb  DIYOI SYyr 0} bBulpiodde) s3edS Q0L O} (O O} PIWIAUOD 2U9M  sasuodsal  sajedsans ||y

€9l 9¢€L €Ll STl L8 S'S 14
*C€00°0 +1L00°0> L00°0> L00°0> L00°0>  G'€C 8'8C 443 (WA 4 8Pl S'S 141> $Ayiedounau jessydiiad
1L 8oL Sl oLl oLl 8L 14
L90'0  €800°0 L00°0> L00'0> LO0'0> 6%l 9vL 6vL /L€ 68l 9 1410 $Adessyowayd
sajeasqns 8Z A\O
79T 09C €£vC ST Tee SLL 1d
760 €80 L00°0> €50 6500 €S¢  ve€C  ¥0r 06l €le €l 141D $Buruonouny [enxas
L 90L 6Ll O€l L'el ool 14
SCo *€900°0 L00°0> 1L00°0> L00’'0> /'€l 9l 691 €'6¢ Ll ocl 141D $obewi Apog
gL Ll STl gLl 691 S'6 14
650 950 L¥00°0 90 L00'0> Lzl €Tl 8Ll TTl (4 L6 141D #9dousuadxs wordwAs
Swid}i/sd|easqns Z XD
S GeEL ¥l 9SGl 69l LI'6l (WA 14
S ¥'ST ¥€0  xS£00°0 600 ¥00 8000 T9L S0CT l'lt S€C 91T '8l 141D ured
L g€ €y 1’9 s ol oy 14
1 L'E 180 £9°0 1L00°0> 1L00°0> L00°0> [474 L'E 1's 1’6 (R4} L'E 141D Buinwon pue easneN
S ¥8L  L0T 8TC Q€T 1443 9'9¢ 14
L 99z 8500 GL00  L00°0> 1L00'0> LO0'0> €€ 09C T8CT ¥'8E vy 06T 141D anbiyeq
sajess swoydwAs 0£d D10
W 6L LSL OVL 9l £89 90, 14 31740 A1jend
S 9'99 500 L€°0 1L00°0> L00°0> L00°0> ¥/ 8'€L 8¢L 059 €09 €69 141D /shiels yjjesy |eqo|n
L e T/8 668 188 L'8L L'08 14
L 1'88 zLo 240) L00'0> L00°0> L000> 706 ¥S8 T8 OVL S€L LLL 141D Buiuonouny je1>os
1 8/8 98 €/8 698 8'q8 6/8 14
L 6.8 99'0 8L'0 GE00 7200°0  L00°0> 898 V€8  8€8 V6L ¥'18 698 141> Buuonounyaamubod
S 0v8 S€8 L78 808 S8 VL 14
S 8/LL 080 €€0 L00°0> 710 L00°0> 9¥8 9'L8 £08 0/L 6'9L 1474 141> Buuonouny jeuonowsy
1 /8 088 098 9'v8 L'vL 9€L 14
L G'€8 0¥'0  x£000°0 1L00'0> L0O0°0> L0O0'0> S¥8 €8/ €6/ €/9 599 6'69 141D Buruonduny sjoy
1 G'€E8 998 998 98 £'es S8 14
1 1'z8 LE0  L00°0> L00°0> L00°0> LO0'0> V18 V¥6/ 66/ 9T 09/ €18 141D Buiuonouny jedisAyq
sajeds Huruonduny €1 OTO DLYO3
SO ; g 1e e e i XL swi 09 o€ 4} 9 Lyeyy  auleseg
69-09 Aqawn
syuoly
wioN anjea-d sjuiod aw) a4leuuOnSANYD

"82-A\O PUE Z-XD 4O 53[ed5qns pue 0£D-0T0 DLHO3 343 Buisn 341 Jo Aujenb pajejai-yyeay pariodal Juaned ° 3jqel



36 | Chapter2

A 2 A 4 « ) .
< ESC G 2 % ks T % %
O X % %% 8% % 3 %% 3% 3 %
e, © ®, 2 ©. < °, 2, 3 z
A %% 3 % 2% % % 2% % % %
* * %S % ® > o ® > 22 ® ® &

75

50

Proportion of patients (%)

33

31

e e
G B L &
2 ¥
st i
= &

N
o a
N
w
N
00
N
o
)
)
N
00
S
~
pary
w
[
=
w
w
« IS
[
[
N
©
[ 5
[
~
g
~
N
©
w
IS
w
©
'
o
[y
©
w
o

RT
RT
RT
RT

RT+CT
RT+CT
RT+CT
RT+CT
RT+CT
RT+CT
RT+CT
RT+CT

Symptoms and Treatment

Change . Improved Stable . Deteriorated

BTingling or numbness CLimb Weakness
Radiotherapy alone hemoradiotherapy Radiotherapy alone

100'——-i-i. 'I

c
]
751 1 I

Proportion of patients (%)

g
T
" .
||

T T T T — T T —T— T
¢ £ SRS > & e O ¢ & & e & D A C L& O
& E P F NI A A F &SSP & FE S
PO R NN U RN AN N MR P R NN U RN P A N R R N
3 Q %3 < 3 Q 3 Q
& & AN & o o v & & AN & & o LAY
& & & &
Assessment Timepoint Assessment Timepoint Assessment Timepoint Assessment Timepoint
Response Notatall | [} Alitle [Jl] Quiteabit [ very much

Figure 3. Clinically relevant long-term changes compared to baseline in patient reported symptoms on EORTC
QLQ-C30, CX24 and OV28 on individual patient level (A) and patient responses on single-items with significant
change: tingling or numbness (B) and limb weakness (C).

Long-term change is defined as the mean of 3 and 5 year scores compared to baseline score on individual level.
CT = chemotherapy; RT = radiotherapy.

Symptom items

A complete overview of the proportion of patients reporting significant (“quite a
bit” or “very much”) symptoms is shown in Appendix Table A2. Patients treated with
chemoradiotherapy reported more significant tingling or numbness throughout the
5-year follow-up period compared with patients who received radiotherapy alone. At 5
years, 32 (24%) patients treated with chemoradiotherapy reported significant tingling/
numbness, in contrast to 9 (9%) treated with radiotherapy (p = .002). Likewise, 129 (62%)
versus 66 (40%) patients had deteriorated in tingling/numbness compared with baseline
(p < .001, Figure 3 and Appendix Figure A5A); no difference between patients with or
without diabetes was found among patients treated with chemotherapy (Appendix
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Figure A4C and A5B). A trend toward worse tingling/numbness in patients aged =70 years
was found over time after chemoradiotherapy (p = .016) but not after radiotherapy (p =
.35, Figure A4B). None of variables entered in the multivariate logistic regression model
were statistically significant risk factors for tingling/numbness (data not shown).

Chemoradiotherapy patients reported more significant limb weakness up to 3 years (21%
after chemoradiotherapy vs 5% after radiotherapy at 3 years, p < .001), with deterioration
at 3 and 5 years compared with baseline in 92 (44%) patients after chemoradiotherapy
versus 46 (28%) after radiotherapy (p = .003, Figure 3). No between-group differences in
long-term change of gastrointestinal and bladder symptoms were seen (Figure 3).

Sexual activity did not differ between the 2 treatment groups at 3 and 5 years (Appendix
Table A2). Sexual activity was reported by 69 (34%) patients (both treatment groups
combined) at 5 years. Among those sexually active, 14 (19%) patients reported significant
pain during sex; 20 (27%) reported significant vaginal dryness, and 58 (80%) reported sex
to be enjoyable. Mean sexual activity scores were lower than those of the age-matched
normative population, with a clinically relevant moderate difference (p < .001; Appendix
Figure A6).

Correlation

The strongest between-functioning score correlations were found for physical and role
functioning (t = 0.66), for social and role functioning (t = 0.61), for global health/QOL and
role functioning (t = 0.58), and for global health/QOL and physical functioning (t = 0.53).
The strengths of the negative correlations between symptoms and functioning varied
from -0.12 to -0.64, with the strongest correlation for fatigue, closely followed by pain,
limb weakness, muscle/joint pain, and lower back pain. The correlation between these
symptoms also was relatively strong (t = 0.39-0.55). Finally, there were significant negative
correlations for tingling/numbness and physical functioning (t =-0.32), role functioning (t
=-0.30), global health/QOL (1 =-0.26), and the other functioning scales (1 =-0.22 to -0.25).
A comprehensive correlation matrix is displayed in Appendix Figure A7.

Discussion

This long-term analysis of toxicity and HRQOL in the PORTEC-3 trial shows that combined
adjuvant chemoradiotherapy for high risk endometrial cancer may have a long-lasting
clinically relevant negative impact on quality of life, with a small long-term deterioration
in physical and role functioning for the first 3 years after treatment compared with
radiotherapy alone. Patients treated with chemoradiotherapy reported significantly more
prominent limb weakness until 3 years and persistent tingling or numbness in hands
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or feet throughout the 5-year follow-up period. In addition, more grade =2 toxicity was
reported at 5 years (38% vs 24%). Despite these persistent symptoms, the treatment
groups had similar long-term global health/QOL scores that were in fact better than those
of the age-matched normative population. This is the first comprehensive documentation
of long-term patient-reported symptoms and HRQOL after chemoradiotherapy in
endometrial cancer, with the strength of comparison to pelvic radiotherapy alone and to
an age-matched normative population, exclusion of biases due to the randomization, and
complete follow-up. These data are essential for patient counseling and shared decision
making on adjuvant therapy in high risk endometrial cancer.

The present study found remaining grade =2 sensory neuropathy in 6% after
chemoradiotherapy, with HRQOL showing “quite a bit” or “very much” tingling/numbness
being reported by 24% at 5 years. The recovery was largest in the first months after
chemotherapy and improved until 2 years to a stable level. In comparison, less than 10%
of the patients reported long-term significant tingling/numbness after radiotherapy
alone (no reported grade >2 AE), which seemed most likely due to diabetic and idiopathic
peripheral neuropathy in this elderly population.? Because limited agreement between
patient and physician scoring of toxicities has been reported,?' physicians were required
to report grade =2 AE to focus on more severe toxicities, whereas patient-reported
outcomes were used for mild toxicities. Reported data on long-term toxicity and HRQOL
of women treated with carboplatin and paclitaxel chemotherapy, although limited, are
available from trials of first-line therapy in ovarian cancer. This comparison is relevant
because patients with ovarian cancer are of similar age and had previous pelvic surgery
without radiotherapy. Similar levels of patient-reported persistent tingling/numbness
with a comparable pattern of recovery after chemotherapy were seen in studies of ovarian
cancer survivors.5® The randomized GOG-249 trial, in which 3 cycles of carboplatin and
paclitaxel with vaginal brachytherapy were compared with pelvic radiotherapy alone in
women with high-intermediate and high risk stage I-Il endometrial cancer, also showed
significantly higher chemotherapy-induced peripheral neuropathy (CIPN) rates in the
chemotherapy arm (sensory neuropathy grade >2 in 10% at 2 years), even while using
only 3 cycles. Detailed analysis on HRQOL in the GOG-249 trial is pending.?

Another important persistent symptom after chemoradiotherapy was limb weakness,
which might be interpreted as a result of motor CIPN. However, limb weakness was
found to be more strongly correlated to fatigue and muscle/joint pain than to tingling/
numbness; this finding supports previous studies suggesting that limb weakness is more
a general symptom, associated with fatigue and reduced physical functioning.5?
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The correlation coefficient (t = 0.32) found between tingling/numbness and physical
functioning means that a patient with a higher tingling/numbness score had a 66% chance
of also having a worse functioning score compared with another patient. This suggests
that tingling/numbness is associated with impaired functioning, although correlations
for other symptoms (limb weakness, fatigue, and pain) and functioning and global
health/QOL were stronger. Most nonlongitudinal studies investigating the correlation
between sensory neuropathy and functioning in various cancer types found a negative
correlation.® 7 81911 Bonhof et al.® found significant functioning differences between
patients with and without limb weakness, but not for tingling/numbness at 2 years,
possibly due to the small sample size. In general, it seems that functioning is negatively
influenced by several symptoms, including tingling/numbness, limb weakness, fatigue,
and pain.

In this long-term analysis, it seemed that chemoradiotherapy patients further improved
between 3 and 5 years of follow-up in physical and role functioning and limb weakness.
It is possible that the relatively high attrition rate (around 30%) between 3 and 5 years
might introduce some response bias. A small part of the attrition at this timepoint is
explained by death or recurrence; however, other reasons for missing questionnaires
were not collected. Notably, chemoradiotherapy patients who responded only at 3 years
reported significantly more significant muscle/joint pain, symptoms that were strongly
correlated to physical and role functioning, than patients who responded both at 3 and
5 years. Another explanation could be that patients adjust their lives to bothersome
but manageable symptoms, which is also suggested by the improvement in long-term
global health/QOL scores in both treatment groups. Moreover, possible bias due to the
Hawthorne effect should be taken into consideration when comparing normative to trial
population data; patients participating in trials may report better QOL than normative
populations.

One limitation of the study is that toxicity, even though scored by a physician according
to the CTCAE classification, remains a subjective measurement. At baseline, grade =2
hypertension was scored in 27% of the patients, corresponding to the on-study form
reporting 33% patients having hypertension with medication. At subsequent timepoints,
hypertension was only scored in about 10% of the patients. This implies that during and
after therapy, oncologists focus on treatment-related AE, resulting in underreporting of
unrelated conditions primarily managed by family doctors such as hypertension, which is
especially important in interpreting changes from baseline. Because the bias occurred in
both groups, it has negligible impact on long-term between-group comparison.
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The contemporary challenge is to avoid significant symptoms caused by chemotherapy
by developing preventive strategies and intervention measures. Unfortunately, there is
currently no effective treatment or prevention strategy against CIPN.>* This study was
unable to identify risk factors for persistent CIPN, which is unfortunate because data on
risk factors for developing CIPN are inconsistent.?* Limitations to drawing any conclusion
include the selected study population based on inclusion criteria and insufficient power
related to small groups. Nevertheless, patients aged 70 years or older scored generally
worse over time than younger patients, even though this was a selected population
of relatively fit women. This age-based difference, particularly for global health/QOL
and symptoms of pain, fatigue and tingling/numbness is more pronounced after
chemoradiotherapy compared with radiotherapy. Older patients seemed to have a
relatively greater failure-free survival benefit from chemotherapy.'? Therefore, specific
patient counseling is recommended for older patients.

No between-group differences were found for gastrointestinal and bladder symptoms,
largely explained by the use of pelvic radiotherapy in both arms. The reported
gastrointestinal symptoms (eg, urgency and diarrhea in about 10% of the patients) and
bladder symptoms (urgency +25%, incontinence +10%) are consistent with the rates
found after pelvic radiotherapy in the PORTEC-2 trial.?® The incidence of gastrointestinal
symptoms is expected to remain more or less stable, and urinary symptoms are expected
to slightly deteriorate in the following years owing to the combined effects of radiotherapy
and aging on the pelvic floor and bladder.3#

The overall survival benefit of chemoradiotherapy compared with radiotherapy alone in
high risk endometrial cancer was 5% at 5 years for the complete trial population, with the
greatest benefit of >10% observed in women with serous cancers and those with stage
Il disease.? Molecular classification can be used to more effectively identify subgroups
that benefit most from chemotherapy.” For example, molecular classification in clinical
diagnostics might lead to the specific recommendation of chemoradiotherapy in those
with TP53-mutated tumors, and chemotherapy might be omitted in POLEmut and
mismatch repair deficient tumors. Women with high risk mismatch repair deficient tumors
might be better treated with adjuvant immunotherapy, with a different but generally
more favorable toxicity profile than carboplatin-paclitaxel chemotherapy.

The trade-off between the benefit and the short- and long-term toxicities of chemotherapy
should be discussed as part of shared decision making. To better guide shared decision
making, it is important to know what patients consider important in this trade-off. In a
patient preference study done by the ANZGOG group among their PORTEC-3 participants,
more than 50% of women reported a 5% survival improvement as being sufficient to make
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chemotherapy worthwhile.?® No study to date has examined which factors are prioritized
by patients and clinicians in this decision-making process and what survival improvement
would be sufficient to make chemotherapy worthwhile based on the actual symptoms
and HRQOL impairment in the PORTEC-3 trial. This is currently being investigated in a
Dutch trade-off study in patients with high risk endometrial cancer and their health care
professionals.

Conclusions

This study shows a long-lasting, clinically relevant, negative impact of combined
chemotherapy and radiotherapy on toxicity and qulaity of life compared with radiotherapy
alone, with persistent peripheral sensory neuropathy at 5 years in 24% of patients and
small but clinically relevant differences in physical and role functioning until 3 years.
These results provide essential information to be used for patient counseling and shared
decision making.
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APPENDIX A

Table A1. Questionnaire response during follow up

Questionnaire time points

Months
Baseline AfterRT 6 12 18 24 36 60
Responders CT+RT (n) 292 236 223 238 217 214 194 132
Responders RT (n) 282 231 214 201 189 185 159 103
Responders Total (n) 574 467 437 439 406 399 353 235
Patients on assessment (n) 660 552 528 487 458 417 395 374
Available data rate? 87% 71% 66% 67% 62% 61% 53% 36%
Completion rate® 87% 85% 83% 90% 89% 96% 89% 63%

CT = chemotherapy, RT = radiotherapy.

2 Calculation of the ‘fixed’ denominator rate: Numerator as ‘number of patients on PRO assessment submitting
the PRO assessment at the designated time point’ and denominator as ‘number of patients in the PRO study
population (all study patients, n = 660)"

bCalculation of the ‘variable’denominator rate: Numerator as‘number of patients on PRO assessment submitting
the PRO assessment at the designated time point’and denominator as ‘Number of patients on PRO assessment
at the designated time point (Patients on assessment = total study population with completed baseline
questionnaire excluding deceased patients or patients with recurrent disease)' Used terms are defined according
to SISAQOL recommendations.’
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Table A2. Complete overview of percentages of patients reporting ‘quite a bit’ or ‘very much’HRQOL symptoms
using the EORTC QLQ-C30 and subscales of CX-24 and OV-28.

Questionnaire time points p-value
Baseline After RT 6m 12m 24m 36m 60m Time Tx Time by Tx Txat3years Txat5years
QLQ-C30 symptoms
Dyspnoea CTRT 54 11.0 154 7.5 8.0 11.2 8.5 0.0040 0.030 0.16 0.14 0.83
RT 2.8 5.2 5.1 5.0 4.1 6.3 5.8
Insomnia CTRT 245 25.2 25.1 17.8 18.8 235 19.8 0.34 0.50 0.75 0.11 0.10
RT 18.8 19.0 18.6 14.6 124 144 10.7
Appetite loss CTRT 6.4 23.6 11.2 25 33 3.6 53 <0.001 0.038 0.15 0.8 0.10
RT 45 15.7 4.7 34 36 3.8 1.0
Constipation CTRT 11.5 4.6 8.2 3.7 4.7 7.3 53 0.0047 0.059 0.12 0.14 0.42
RT 7.0 1.3 1.9 4.0 3.1 25 29
Diarrhoea CTRT 5.1 36.1 12.7 10.4 9.9 11.8 14.5 <0.001 0.96 0.024 0.63 0.23
RT 3.8 36.8 126 1.3 10.9 10.1 7.8
Financial difficulties CTRT 12.2 11.9 159 8.7 6.5 6.6 23 <0.001 0.012 0.0083 0.16 0.044
RT 7.7 7.5 7.0 3.0 4.2 3.1 4.9
CX24
Bowel symptoms
1. Abdominal cramps CTRT 6.8 17.8 9.9 9.2 10.8 9.7 6.1 <0.001 0.79 0.86 0.2 0.66
RT 6.0 155 9.0 104 7.3 6.3 7.8
1. Difficulty controlling bowels CTRT 3.1 20.3 9.9 9.1 7.5 9.7 9.2 <0.001 0.61 0.0012 043 0.87
RT 1.4 20.3 10.9 104 12.2 8.2 8.7
1. Blood in stools CTRT 0.7 0.8 0.9 0.0 24 0.0 0.8 0.70 0.96 1.00 0.90 0.92
RT 0.4 0.4 0.9 0.5 0.5 0.6 0.0
Urinary symptoms
1. Urninary frequency CTRT 233 38.6 221 23.0 17.5 235 27.3 <0.001 0.89 0.83 0.93 0.85
RT 21.8 36.6 16.9 22.8 20.4 20.9 225
1. Dysuria CTRT 5.8 17.3 1.4 25 1.9 3.1 23 <0.001 0.67 0.31 0.51 0.76
RT 4.2 14.7 3.8 3.0 1.6 1.3 1.0
1. Urinary leakage CTRT 2.7 6.8 8.6 79 9.3 16.4 10.6 <0.001 0.034 <0.001 0.026 0.94
RT 4.2 43 4.7 8.9 9.9 8.9 10.7
1. Difficulty emptying the bladder CTRT 44 5.1 23 1.7 2.8 57 3.8 0.12 0.39 0.40 0.12 0.77
RT 3.2 4.8 2.8 35 3.7 1.9 39
Other
Swollen legs CTRT 24 55 18.0 16.3 12.7 7.6 153 <0.001 0.10 <0.001 0.018 0.47
RT 25 3.0 1.3 10.9 14.1 16.9 13.6
1. Lower back pain CTRT 10.5 10.2 16.6 18.8 18.7 222 223 <0.001 0.86 0.0079 0.40 0.13

RT 9.2 7.8 16.0 14.3 16.6 14.6 12.7
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Table A2. Complete overview of percentages of patients reporting ‘quite a bit’ or ‘'very much’HRQOL symptoms
using the EORTC QLQ-C30 and subscales of CX-24 and OV-28 (continued).

Questionnaire time points p-value
Baseline After RT 6m 12m 24m 36m 60m Time Tx Time by Tx Txat3years Txat5years
Tingling/numbness CTRT 1.7 6.4 51.8 34.9 25.2 26.8 24.2 <0.001 <0.001 <0.001 <0.001 0.0026
RT 14 26 6.7 85 5.8 7.6 8.8
1. Irritation/soreness vagina/vulva CTRT 2.7 8.1 5.0 3.8 14 2.1 4.6 0.001 0.33 0.14 0.18 0.62
RT 1.4 1.7 3.8 5.5 3.1 3.8 4.9
1.Vaginal discharge CTRT 2.7 2.6 23 2.1 0.9 25 1.5 0.98 0.91 0.89 0.57 0.81
RT 1.8 43 0.5 1.5 0.5 1.5 1.9
1.Vaginal bleeding abnormal CTRT 0.7 13 13 13 0.5 0.0 0.8 0.95 0.98 0.99 0.88 0.86
RT 1.0 0.4 0.9 0.5 0.5 0.6 0.0
Hot flushes and/or sweats CTRT 16.9 14.8 204 18.8 17.2 209 14.4 0.19 0.37 0.27 0.94 0.97
RT 12.7 15.6 24.5 22.8 22.0 22.0 155
Body Image
2. Feeling of physically less attractive ~ CTRT 55 14.4 26.1 1.1 8.9 10.8 83 <0.001 <0.001 0.34 0.046 0.17
RT 34 6.9 7.5 4.4 4.2 5.1 3.9
2. Feeling less feminine CTRT 5.1 9.3 16.1 10.8 84 10.3 53 <0.001 0.044 0.71 0.014 0.38
RT 35 7.0 6.6 54 4.7 45 39
2. Dissatisfied with body CTRT 5.8 10.5 18.1 13.6 11.6 14.9 15.2 <0.001 0.37 0.0041 0.39 0.09
RT 3.9 8.8 9.4 9.4 6.3 10.1 6.9
Sexual functioning
Worries about sex CTRT 13.8 215 20.1 17.1 12.8 14.6 1.1 0.049 0.57 0.64 0.15 0.41
RT 143 20.2 15.3 13.6 14.0 9.5 17.2
Sexual activityt CTRT 11.9 18.6 29.2 339 335 335 30.8 <0.001 0.14 <0.001 0.48 0.10
RT 9.7 215 419 42.2 36.0 373 37.0
3.Vaginal dryness* CTRT 10.0 18.8 24,6 299 224 28.1 216 0.22 0.63 0.029 0.5 0.43
RT 43 236 211 242 313 28.8 316
3. Shortness of vagina* CTRT 4.2 8.5 10.1 15.8 215 224 13.2 0.24 0.96 0.10 0.62 0.98
RT 2.2 10.9 14.1 18.9 22.7 155 21.6
3.Tightness of vagina* CTRT 6.4 276 19.4 17.1 15.2 293 135 0.038 0.071 0.0037 0.42 0.46
RT 43 13.0 213 211 25.0 20.7 243
3. Pain during sexual intercourse* CTRT 0.0 25.0 16.2 10.7 11.9 19.6 8.1 0.15 0.22 0.023 0.92 0.13
RT 4.7 18.3 17.0 20.9 235 20.0 29.7
Sexual activity enjoyable?*t CTRT 50.0 57.5 75.0 77.8 81.8 80.4 83.8 0.056 0.49 0.30 0.46 0.77
RT 61.0 745 75.0 778 76.1 83.1 75.0
ov2s
Bloated feeling abdomen/stomach CTRT 13.0 1.7 19.5 1.3 1.3 11.9 13.0 0.054 0.59 0.56 0.69 0.42

RT 11.2 14.4 14.4 15.3 10.5 121 10.0




50 | Chapter2

Table A2. Complete overview of percentages of patients reporting ‘quite a bit’ or ‘'very much’HRQOL symptoms
using the EORTC QLQ-C30 and subscales of CX-24 and OV-28 (continued).

Questionnaire time points

Baseline After RT 6m 12m

Passing wind/gas/flatulence CTRT 17.6 203 24.0 213

RT 11.8 18.7 19.6 213
4. Loss of any hair CTRT 14 1.1 45.2 4.6
RT 04 3.1 43 3.0

4. Upset by loss of hair** CTRT 33 25.0 419 293
RT 53 3.6 159 9.3
4. Different taste of food and drink CTRT 35 26.2 223 3.9
RT 0.7 9.4 43 1.5

5.Tingling hand/feet CTRT 1.1 7.2 49.3 26.8
RT 1.4 22 58 4.1

5. Numbness fingers/toes CTRT 14 55 50.0 29.6
RT 0.4 2.7 4.9 26

5. Weakness arms/legs CTRT 6.3 14.2 36.8 17.5
RT 29 6.3 11.0 5.7

4. Muscle or joint pain CTRT 9.5 16.9 37.8 25.1

RT 7.0 12.6 21.7 17.3
4. Problems hearing CTRT 25 3.0 1.4 6.8
RT 2.2 1.3 4.8 5.1

EORTC QLQ-C30 = European Organization for Research and Treatment of Cancer quality of life questionnaire
C30; CTRT = combined chemotherapy and radiotherapy; RT = radiotherapy; CX = cervix; OV = ovarian; HRQOL =
health-related quality of life; Tx = treatment; p time = changes of quality-of-life scores over time; p Tx = difference
between the two treatment groups; p time by Tx = difference between the two treatment groups over time; p
Tx at 3 years = difference between the two treatment groups at 3 years; p Tx at 5 years = difference between the
two treatment groups at 5 years.

* Responses to these questions were only expected if the respondent indicated to be sexually active.
** Responses to this question was only expected if the respondent indicated to have loss of hair.

T Percentages of patients reporting ‘a little; ‘quite a bit" or ‘very much’

1. Symptom experience subscale; 2. Body image subscale; 3. Sexual functioning subscale; 4. Chemotherapy

subscale; 5. Peripheral neuropathy subscale.
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p-value
24m 36m 60m Time Tx Time by Tx Txat3years Txat5years
224 21.4 223 0.7 0.52 0.43 0.29 0.25
17.6 15.9 14.9
0.5 2.1 39 <0.001 <0.001 <0.001 0.24 0.41
2.1 0.6 20
11.1 16.2 20.0 <0.001 0.013 0.26 0.28 0.11
7.3 6.1 4.8
1.9 4.2 4.0 <0.001 <0.001 0.46 0.1 0.86
1.6 1.9 0.0
234 254 214 <0.001 <0.001 <0.001 <0.001 0.018
5.4 4.5 10.2
255 244 19.7 <0.001 <0.001 <0.001 <0.001 0.029
43 8.3 8.3
15.1 20.7 13.3 <0.001 <0.001 <0.001 <0.001 0.52
6.3 5.1 11.3
24.5 284 233 <0.001 0.045 <0.001 0.033 0.19
17.2 16.3 16.8
7.6 10.3 11.5 <0.001 0.24 0.0014 0.049 0.057
3.7 5.8 4.1
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carcinoma. TAH = total abdominal hysterectomy. BSO = bilateral salpingo-oopherectomy. TLH = total European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; p time by
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years across 13 European countries, Canada and the United States;? RT = radiotherapy.



54 | Chapter2

A
07 ti by treat t0.09
p time by treatment 0.
- +
CT+RT p 3yrs by treatment 0.0075
504 = RT p 5yrs by treatment 0.034
—— Norm

Pain score
s
1

20—
10
0 T T T T T T T
e A ) < & < <
& & & »\,*Q'@ A
R Q\é} b@ Vv » 9
&
(/0
Assessment timepoint
B
60—
p time by treatment <0.001
p 3yrs by treatment 0.015
50— p Syrs by treatment 0.058
2 40
o
Q
"
v 30
>
0
® 204
U —e— CT+RT
104 = RT
—4+— Norm
0 T T T T T T T
e A & S o & <
s & & e
P Q\é'o b@ Vv > o)
&
(10

Assessment timepoint

Figure A2. Symptoms scales form EORTC QLQ-C30 for pain (A) and fatigue (B).

A higher score indicates a higher level of symptoms. Error bars show 95% Cl. EORTC QLQ-C30 = European
Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; p time by treatment
= difference between the two treatment groups over time; p 3yrs by treatment = difference between the two
treatment groups at 3 years; p 5yrs by treatment = difference between the two treatment groups at 5 years; CT =
chemotherapy; Norm = mean scores of age-match normative data based on women aged 60-69 years across 13
European countries, Canada and the United States;? RT = radiotherapy.
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Figure A3. Patient functioning and symptom scales from EORTC QLQ-C30 for physical functioning (A),

role functioning (B), global health status/quality of life (C), social functioning (D), pain (E) and fatigue(F).

Mean estimates calculated by linear mixed models. For functioning scores (A-D), a higher score indicates a higher

level of functioning or activity. For symptom scores (A-B), a higher score indicates a higher level of symptoms.
Error bars show 95% CI. EORTC QLQ-C30 = European Organization for Research and Treatment of Cancer Quality
of Life Questionnaire Core 30; <70 = patients aged under 70 years; =70 = patients aged 70 years and older; CT =

chemotherapy; RT = radiotherapy.




56 | Chapter2 Long-term toxicity and HRQOL in the PORTEC-3 | 57

1009 A 1009 B

i Individual long-term change
—e— CT+RT p time by treatment <0.001 —+— CT+RT; <70 Individual Iong-term Change g - g
90 p 3yrs by treatment <0.001 90 All patients After chemoradiotherapy
- RT p 5yrs by treatment <0.001 —¥— CT+RT; 270 p
80} 80 RT; <70 100] A 100{ B
[ ] —®- RT; 270
] 70+ ] 704 — —_—
a E X X
- i = =
& 60 g 60 2 75 2 75
k) -g [} (]
E 5o+ 5 50+ £ B
2 z -3 Q
5 S 404 o —
w 407 Y S so © 50
£ £ s s
¥ 304 _%" 30 £ £
= F ] ]
20 g S
20 2 25 S 25
[-w o
10 104
0= T T T T T 0= T T T T T o o p=.821
& ° o o < . .
© & & ¢ & s & & ¢ ¢ RT CT+RT No Diabetes Diabetes
& S ) N N N S\ > < & ~ v ) )
& & & v &) ) Q' N © ) .
&ce\ © R L B Deteriorated B Deteriorated
[S3 Assessment timepoint © Assessment timepoint [0 stable [ stable
B Improved B Improved
1007 ¢
~+ CT+RT; no Diabetes Individual long-term change
90 —¥— CT+RT; Diabetes All patients
80 RT; no Diabetes
o -=- RT; Diabetes 100%4 C
g 70
g 601 X
S L 75%
13 50 c
5 ]
z =}
o
S 404 s
?:D Y
= O 50%
£ 307 S
= E
20 o
a
S 25%-
10+ o
0
0%-
F RT<70y RT>70y CTRT<70y CTRT 270y
9 . . H Deteriorated
Assessment timepoint [ Stable
B Improved
Figure A4. Tingling or numbness item score from EORTC QLQ-CX24 for all patients by received treatment (A)
combined with age (B) and diabetes (C). Figure A5. Individual definitive improvement, deterioration or stable state from baseline to long-term (3/5
A higher score indicates a higher level of symptoms. Error bars show 95% Cl. EORTC QLQ-C30 = European years) EORTC QLQ-CX24 tingling or numbness item assessment of all patients by received treatment (A), the
Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; <70 = patient age patients who received chemoradiotherapy by diabetes (B) and all patients by received treatment and age (C).

under 70 years; 270 = patient age 70 years and older; CT = chemotherapy; RT = radiotherapy.
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Figure A6. Sexual activity and symptoms scales form EORTC QLQ-CX24 for Sexual activity (A), Vaginal dryness
(B), Pain during Sex (C) and Sexual enjoyment (D).

A higher score indicates a higher level of sexual activity and a higher level of symptoms. Error bars show 95% Cl.
EORTC QLQ-CX24 = European Organization for Research and Treatment of Cancer Quality of Life Questionnaire
Cervix 24 module; CT = chemotherapy; Norm = mean scores of age-match normative data based on Dutch
women aged 60-69 years;* RT = radiotherapy; P2 RT = pelvic radiotherapy arm of PORTEC-2 trial.*
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Figure A7. Kendall's rank correlation coefficient matrix of functioning scores and symptom items from EORTC
QLQ-C30, CX24 and OV28 at 3/5 years.

Blank regions indicate correlation coefficient (1) is not significant. Displayed coefficients (1) are significant at
the 0.01 level. SF = Social Functioning; QoL = Global Health/Quality of Life; PF = Physical Functioning; RF =
Role Functioning; EF = Emotional Functioning; CF = Cognitive Functioning; DI = Diarrhea; BU = Bowel Urgency;
PLA = Feeling Physically Less Attractive; LF = Feeling Less Feminine; BA = Bloated Abdomen; FL = Flatulence;
SL = Swollen Legs; TN = Tingling or Numbness; LBP = Lower Back Pain; MJP = Muscle or Joint Pain; LW = Limb
Weakness; FA = Fatigue; PA = Pain; HP = Hearing Problems; UF = Urinary Frequency; Ul = Urinary Incontinence.
Interpretation of T: The calculations are based on concordant and discordant pairs. For example, suppose patient
1 has a better emotional functioning (ef) than patient 2. If patient 1 also has a better cognitive functioning (cf)
than patient 2, the patients have the same relative rank orders and they are concordant pairs with respect to
ef and cf. However, if patient 2 has a better cf score, then the patients are discordant pairs. If the number of
concordant pairs is much larger than the number of discordant pairs, then the random variables are positively
correlated. If the number of concordant pairs is much less than discordant pairs, then the variables are negatively
correlated. Finally, if the number of concordant pairs is about the same as discordant pairs, then the variables
are weakly correlated. T = 0.60 means 80% of the pairs are concordant, T = 0.40 means 70% of the pairs are
concordant, T= 0.20 means 60% of the pairs are concordant (t = 2 *'% concordant pairs’- 1).
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ABSTRACT

Background

Decision making regarding adjuvant therapy for high risk endometrial cancer is complex.
The aim of this study was to determine patients’and clinicians’ minimally desired survival
benefit to choose chemoradiotherapy over radiotherapy alone. Moreover, influencing
factors and importance of positive and negative treatment effects (i.e. attribute) were
investigated.

Methods

Patients with high risk endometrial cancer treated with adjuvant pelvic radiotherapy
with or without chemotherapy and multidisciplinary gynecologic oncology clinicians
completed a trade-off questionnaire based on PORTEC-3 trial data.

Results

In total, 171 patients and 63 clinicians completed the questionnaire. Median minimally
desired benefit to make chemoradiotherapy worthwhile was significantly higher for
patients versus clinicians (10% vs 5%; p = .02). Both patients and clinicians rated survival
benefit most important during decision making, followed by long-term symptoms. Older
patients (OR 0.92, 95% Cl 0.87-0.97; p = .003) with comorbidity (OR 0.34, 95% Cl 0.12-
0.89; p = .035) had lower preference for chemoradiotherapy, while patients with better
numeracy skills (OR 1.2, 95% Cl 1.05-1.36; p = .011) and chemoradiotherapy history (OR
25.0,95% C1 8.8-91.7; p < 0.001) had higher preference for chemoradiotherapy.

Conclusions

There is a considerable difference in minimally desired survival benefit of
chemoradiotherapy in high risk endometrial cancer among and between patients and
clinicians. Overall, endometrial cancer patients needed higher benefits than clinicians
before preferring chemoradiotherapy.

Preferences in adjuvant treatment for high risk endometrial cancer

Introduction

Endometrial cancer is the most common gynecological malignancy in developed
countries. Although most women with endometrial cancer are diagnosed at early stage
of disease, 15-20% are diagnosed with high risk disease with increased incidence of
recurrence and cancer-related death. The PORTEC-3 trial investigated the treatment effect
of combined adjuvant pelvic radiotherapy and chemotherapy versus pelvic radiotherapy
alone for women with high risk endometrial cancer. The updated survival analysis showed
a 5-year overall survival (OS) benefit of 5% (81% vs 76%, HR 0.70, p = 0.034) and failure-
free survival benefit of 7% (76% vs 69%, HR 0.70, p = 0.016) with chemoradiotherapy as
compared to radiotherapy alone, with the greatest benefit of 10% or more observed in
women with serous cancers and those with stage Ill disease.! Toxicity is most frequent
and severe during treatment, but the lower grade toxicities, which may have long-term
impact, should not be neglected. Pelvic radiotherapy is associated with higher risks of
long-term gastrointestinal and genitourinary symptoms, with impact on physical and role
functioning.>* Adding chemotherapy leads to additional symptoms that may persist (e.g.
persisting tingling or numbness of hands or feet reported by 25% of the patients at 3 and
5 years after treatment, and a small deterioration in physical and role functioning during
the first 3 years after treatment).* Weighing these pros and cons reflects the complexity
of shared decision-making on adjuvant treatment for patients with high risk endometrial
cancer.

The current analysis was initiated to investigate preferences of women with high risk
endometrial cancer and multidisciplinary clinicians. The actual differences in survival
and symptoms were presented, in order to determine which benefit exceeded the risks
sufficiently to consider the addition of chemotherapy to radiotherapy worthwhile in
women with high risk endometrial cancer. In addition, factors influencing the decision
and the importance assigned to the major positive and negative treatment outcomes
were investigated.

Participants and methods

Study population and procedures

For the patient study, patients with high risk endometrial cancer were enrolled in 12
radiation oncology centers across the Netherlands. Selection criteria were: surgery with
curative intent with adjuvant pelvic radiotherapy with or without chemotherapy; treated
after 2014; alive without recurrent disease reported until last follow-up; no other cancer;
able to read Dutch. Because of the pragmatic nature of the study and the fact that the
indication of adjuvant pelvic radiotherapy is limited to endometrial cancer with high risk
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features we used diagnosis and treatment codes for selecting patients from the hospital
databases. Patients were approached via their treating radiation oncologist by letter.
Patients were asked to fill out a self-administered web-based questionnaire. On request, a
paper version was available. An anonymized approach without linked patient report data
was used, therefore no reminders could be sent. We pilot-tested the questionnaire in a
sample with varied medical history across the Netherlands.

For the clinician study, we approached multidisciplinary gynecologic oncology clinicians
(including radiation oncologists, gynecologic oncologists and medical oncologists) via
the Dutch Gynecologic Oncology Group. Clinicians were approached via email with a link
to the web-based questionnaire. After two weeks clinicians received a reminder. Question
validation was enabled in the web-based questionnaire to prevent missing values. The
Medical Ethics Committee of Leiden University Medical Centre approved the study.

Measures

For the patient study, clinical factors (cancer treatment history and any comorbidities
influencing daily life) and sociodemographic factors, health literacy® and numeracys,
treatment preferences and attribute importance ratings were assessed (Appendix
A1 displays the health literacy and numeracy questions). For the clinician study,
sociodemographic factors, affiliation and main specialty, treatment preferences and
attribute importance ratings were assessed.

Participants’ minimally desired 5-year overall survival benefit (MDSB) from
chemoradiotherapy as compared to radiotherapy alone was assessed using the treatment
trade-off method.” Patients and clinicians were asked to imagine that they had recently
been diagnosed with high risk endometrial cancer and that their clinician offered them
two treatment strategies. We made explicit that the situation was hypothetical and did
not refer to their individual situation. Based on known data from the quality of life analysis
of the PORTEC-3 trial, an overview with the most frequent symptoms and deterioration
in functioning was presented (available in Appendix A2). The importance assigned to
every treatment outcome (attribute) was rated using a 4-point Likert-type response scale.
Subsequently, participants were asked what treatment option they preferred at a 5%
benefit of additional chemotherapy. If they chose radiotherapy alone, the survival benefit
with addition of chemotherapy varied with 5% increments to a maximum benefit of 25%
over the baseline of 75% until they switched their preference. When participants had
chosen chemoradiotherapy at 5% or 10% survival benefit, they were asked for their MDSB
(multiple choice question ranging between 1 and 5% or 6 and 10%, respectively).

Preferences in adjuvant treatment for high risk endometrial cancer

Statistical analysis

Empty returned questionnaires, those with information on characteristics only, and those
with inconsistent answers among the trade-off questions were excluded for analysis as
displayed in Figure 1. The analysis was primarily descriptive. Categorical variables were
compared using Fisher’s exact test or chi-square test. Continuous and ordinal variables
were compared using Mann-Whitney U test or Kruskal-Wallis test. The following groups
were compared: (A) patients versus clinicians, (B) patients previously treated with adjuvant
radiotherapy alone versus chemoradiotherapy, (C) the three clinician specialties.

Univariable and multivariable logistic regression with likelihood-based backward
selection were performed to identify predictors for chemoradiotherapy preference at a
5% survival benefit.

A two-sided p-value <0.05 was considered statistically significant for the treatment
trade-off and logistic regression. For comparison of attribute importance ratings, a two-
sided p-value <0.01 was considered statistically significant and <0.05 was considered a
trend to guard against false-positive results due to multiple testing. Statistical analyses
were done with R version 3.6.1.

Results

In total, 453 eligible patients were approached. Of these patients, 205 (45%) started
the questionnaire, of which 171 (83%) were evaluable (131 online (77%) and 40 paper
(23%); Fig. 1). Among the 106 clinicians approached, 63 (59%; 21/39 radiation oncologists,
34/54 gynecologic oncologists, and 8/13 medical oncologists) completed the online
questionnaire. Table 1 shows the baseline characteristics for both patients and clinicians.

P
Clinicians: n = 106

- Radiation oncologists: n = 39

- Gynaecologic oncologists: n = 54

Contacted patients by
participating centers:

s N\

Exclusion: n=453 - Medical oncologists: n = 13
- Noresponse: n =171 ~ 7\ 7 i
- Response not participating: 4—1 > Exclusion:
n=70 _ . v . - No response: n = 34
- Empty questionnaire: n =7 Questionnaire response:
~ g n=205 _
P N - Online: n = 136 (66%) Questionnaire response: n =72 —_—
Exclusion Paper: - Paper: n = 69 (34%)
- No trade-off: 10 \ J L
- Inconsistent: 16 P .| Exclusion:
- No attribute importance: 3 B v v "1 - Notrade-off: 9
F)’(\lctl)u::;e_oor}:::]:' Evaluable for analysis : Evaluable for analysis: n = 63
\ ) n=171 - Radiation oncologists: n = 21 \ J
- Online: n =131 (77%) - Gynaecologic oncologists: n = 34
- Paper: n =40 (23%) - Medical oncologists: n =8

\ J \

Figure 1. Flowchart

67




68 | Chapter3

Median Subjective Numeracy Scale score was 14 (IQR 11-16) on a scale from 3 to 18 with
larger scores indicating a higher subjective rating of numeracy. Median literacy score was
6 (IQR 5-7) on a scale from 0 to 12 with higher scores reflecting greater problems with
reading.

Treatment preference and minimally desired survival benefit

At a 5% survival benefit, 69 (40%) of the patients and 41 (65%) of the clinicians
preferred chemoradiotherapy over radiotherapy alone (p = 0.001). In Table 2 the MDSB
ratings are listed. Figure 2 shows the cumulative proportion of participants preferring
chemoradiotherapy according to MDSB. Overall, the median MDSB for preferring
chemoradiotherapy was significantly higher for patients than for clinicians (10% vs
5%, p = 0.024). Patients who had received chemoradiotherapy had a significantly lower
MDSB than patients who had received radiotherapy alone (2% vs 10%, p < 0.001). There
was no significant difference between the clinician specialties (p = 0.46).

Table 1. Participant characteristics

Patients n=171
Age, years (median [IQR]) 67 [60-72]
Marital status (%)

Married/Living together 100 (58.5)

Partner, living alone 6(3.5)

No partner/widow 65 (38.0)
Having children = Yes (%) 121 (70.8)
Educational level (%)

Low 69 (40.4)

Intermediate 49 (28.7)

High 50(29.2)

Other 3(1.8)
Main daily activity (%)

Paid/unpaid job 54 (31.6)

Leisure and IADLS 117 (68.4)
Comorbidity = Yes (%) 123 (71.9)
Received radiotherapy (%)

EBRT 95 (56.2)

EBRT+VBT 69 (40.8)

VBT 5(3.0)
Chemotherapy = Yes (%) 42 (24.6)

Time since diagnosis in, years (median [IQR]) 3[2-5]
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Clinicians n=63
Age, years (median [IQR]) 50 [43-56]
Sex (%)
Male 16 (25.4)
Female 47 (74.6)

Specialty (%)

Radiation oncology 21(33.3)

Gynecologic oncology 34 (54.0)

Medical oncology 8(12.7)
Current institution (%)

General 28 (44.4)

Academic 25(39.7)

Categorical 10(15.9)
Number of EC patients per month (median [IQR]) 4[2-5]

Education level: low = elementary school, completed lower general secondary education/vocational training;
intermediate: higher secondary educational/vocational training; high = higher professional education,
university, doctor; EBRT = external beam radiotherapy; EC = endometrial cancer; IADLS: instrumental activities

of daily living; VBT = vaginal brachytherapy.
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Figure 2. Cumulative proportion of participants preferring chemoradiotherapy over radiotherapy alone
according to minimally desired survival benefit by patients versus clinicians (A) and their subgroups (B).
Baseline 5-year survival rate with radiotherapy alone is 75%. The maximum survival benefit is 25% corresponding
to a 5-year survival rate of 100%. Numbers do not add up to 1.00 because of those declining chemoradiotherapy
irrespective of any survival benefit. CTRT = chemoradiotherapy; RT = radiotherapy.
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Table 2. Minimally desired survival benefit (MDSB) from chemoradiotherapy

During Treatment

Percentile
MDSB 25th  75th  5th 95th NA p-value
0.024*
Patients (n=171) 10 4 20 1 infin. 7 <0.001*
Received Pelvic Radiotherapy (n=129) 15 5 25 1 infin. 7
Received Chemoradiotherapy (n=42) 2 1 5 0 15
Clinicians (n=63) 5 3 10 2 25 1 0.46"
Radiation oncologists (n=21) 5 4 10 2 25 1 8.,
Gynecologic oncologists (n=34) 5 3 10 2 20 *g
Medical oncologists (n=8) 4 3 5 3 10 §
p values less than or equal to 0.05 were deemed significant &

*Between group comparison: patients versus clinicians; TWithin group comparison

Attribute importance

Figure 3 shows the distribution of importance assigned to each attribute by patients and
clinicians. Survival benefit was judged as the most important attribute, followed by the
long-term symptoms (i.e. '25% with persistent tingling/numbness, and ‘small decline
in physical functioning’), both by patients and clinicians. There was a trend for patients
judging moderate deterioration in physical functioning during treatment more important
(p=0.025) and persistent tingling/numbness less important (p = 0.027) than clinicians. The
treatment duration was judged as least important, especially by clinicians (judged as not
important by 30% of patients vs 43% of clinicians, p < 0.001). Patients considered diarrhea
(‘36% during treatment for both treatment groups’; p = 0.001) and social functioning
during treatment (‘'moderate deterioration’; p = 0.003) more important in their decision 75
than clinicians.

Pt Cl Pt Cl Pt CI Pt d Pt Cl Pt Cl

During Treatment Longterm

100

50
Patients who had received chemoradiotherapy judged treatment duration less important

than those who had received radiotherapy alone (judged as not important by 55% [CTRT]
vs 22% [RT], p < 0.001), as well as hair loss during treatment (36% vs 16%, p = 0.003). 25
In addition, there was a trend for several other negative attributes to be judged less

important by patients who had received chemoradiotherapy (Appendix Figure B1). There

were no statistically significant differences in attribute importance between the three Pt CI Pt C Pt Cl Pt Cl Pt C Pt C Pt
clinician specialties. However, there was a trend for different ratings of short-term fatigue
and quality of life, and short- and long-term functioning importance, with radiation
oncologists rating these attributes of higher importance than other specialists (p < 0.05; Il veyimporant [l important [ Slightly Important Not Important

Appendix Figure B2). Figure 3. Attribute importance ratings in decision making
Attribute importance ratings in the decision between chemoradiotherapy and radiotherapy alone after reading

Percentage

Attributes and participant group

the trade-off overview with a 5% survival benefit. Pt = patients; Cl = clinicians.
*p value less than or equal to 0.01 shows significance; **p value less than or equal to 0.05 shows a trend.
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Factors influencing treatment preference

Multivariable logistic regression showed that patients with an older age (OR 0.92, 95%
Cl 0.87-0.97; p = 0.003) and comorbidity (OR 0.34, 95% CI 0.12-0.89; p = 0.035) were less
likely to prefer chemoradiotherapy, while those with a higher subjective numeracy score
(OR 1.2, 95% Cl 1.05-1.36; p = 0.011) and a chemoradiotherapy history (OR 25.0, 95% Cl
8.8-91.7; p < 0.001) were more likely to prefer chemoradiotherapy over radiotherapy alone
(Table 3). For clinicians, none of baseline variables entered in the multivariable logistic
regression model were statistically significant predictors (data not shown).

Table 3. Predictors of preference for chemoradiotherapy at a 5% survival benefit among patients

Univariable logistic regression Multivariable logistic regression

R o sma P R e smwa
Age 0.92 0.88 0.96 <0.001 0.92 0.87 0.97 0.003
Comorbidity (Yes vs No) 035 0.5 0.73 0.007 0.34 0.12 0.89 0.035
Received CTRT (Yesvs No) 263  9.59 93.1 <0.001 27.5 9.22 106 <0.001
Subjective Numeracy Scale 1.13  1.03 1.24 0.015 1.18 1.05 1.36 0.011

p values less than or equal to 0.05 were deemed significant

CTRT =chemoradiotherapy; IADLS = instrumental activities of daily living; OR = odds ratio for chemoradiotherapy
preference in the decision between chemoradiotherapy and radiotherapy alone after seeing the trade-off
overview with a 5% survival benefit; 95% Cl = 95% confidence interval.

Discussion

This patient preference study for high risk endometrial cancer showed that patients desired
higher survival benefits than clinicians before preferring adjuvant chemoradiotherapy
over radiotherapy alone.The minimally desired survival benefit varied considerably among
both patients and clinicians. Patients’ preferences were strongly influenced by treatment
history. In addition, younger age, having no comorbidities and higher subjective rating
of numeracy were predictors of the preference for chemoradiotherapy. Survival benefit
was judged to be the most important attribute in decision making by both patients and
clinicians, followed by the risk of developing long-term symptoms (i.e. neuropathy and
impaired physical functioning).

Patients had a median MDSB of 10% over the baseline 5-year survival rate of 75%
with radiotherapy alone, while clinicians had a median MDSB of 5% to make adjuvant
chemoradiotherapy worthwhile. It was unexpected that we found different results
compared to those of the previous patient preference study related to the PORTEC-3 trial.
The ANZGOG sub-study among 83 high risk endometrial cancer patients recruited to the
PORTEC-3 trial found that patients, compared to clinicians, desired lower benefits to make

Preferences in adjuvant treatment for high risk endometrial cancer

chemoradiotherapy worthwhile (4% vs 10% over a 5-year survival rate of 65%).2 Having
encountered the symptoms and adverse events of patients, but particularly knowing the
results of the PORTEC-3 trial (5% benefit) may have made the clinicians in our study less
reluctant in accepting chemotherapy for a small benefit. The relatively low survival benefit
desired among patients in the ANZGOG sub-study may be explained by the selection of
patients who had decided to take part in the PORTEC-3 trial and thus were likely to accept
chemotherapy for an uncertain benefit. Meanwhile, patient preferences in our study were
influenced by treatment history, and most patients (75%) did not receive chemotherapy.

The variability of MDSB was high, although the range among clinicians was slightly
narrower than among patients. This high variability in preferences has been reported by
others as well.®'° Younger age, having no comorbidity and better numeracy skills were
predictive for preferring chemoradiotherapy in our study, while most studies report a lack
of predictors. Nevertheless, individual treatment preferences remain hard to predict from
baseline characteristics, and are most likely influenced by a complex of experiences, values
and attitudes. Treatment preferences are clearly influenced by actual treatment received.
Many studies have reported that patients who are about to undergo treatment or have
experienced a treatment generally adapt to their decision by having stronger preference
forthat treatment.>" ?This is a known psychologic process to make preferences agree with
the preceding decision called cognitive dissonance reduction or cognitive justification.
In the shared decision making process, it may be helpful to explore the patient’s prior
experience with the treatments considered, e.g. in close family members, and discuss the
potential bias this may have caused.

We did not find a significant difference in MDSB between clinicians from different
specialties. Previous research reported that clinicians generally need less benefit from
the treatment of their own specialty.> > '* The fact that this was not found in our study
may be explained by the small number of medical oncologist, multidisciplinary treatment
approach in current practice and knowledge of the PORTEC-3 trial results.

The most important attribute in decision making, for both patients and clinicians, was
survival benefit. This has been reported in several cancer preference studies.’ '® However,
thorough evaluation of multiple attributes, especially with distinction of short-term and
long-term impairments, is novel. Some studies emphasized the importance of quality of
life in general, but without detailed attributes.’s '” We found that the risk of developing
long-term symptoms (i.e. neuropathy and impaired physical functioning) is of high
importance to patients. While treatment duration was considered the least important
attribute, all short-term symptoms and impairments were of intermediate importance.
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There were clear strengths to our study. First, many patients across our entire country
participated to represent the Dutch high risk endometrial cancer population. This,
together with the relative large sample size allowed subgroup analysis and multivariable
logistic regression. Second, the presented information on survival and long-term
symptoms were based on the actual data of the randomized PORTEC-3 trial, ensuring
a reliable representation of clinical practice. In addition, the novelty of our study was
enhanced by allowing a thorough analysis of attribute importance. Third, the web-based
questionnaire design prevented interviewer introduced bias, facilitated response, allowed
direct comparison between patients and clinicians, and provided complete data.

The main limitation of our study was the inability to include patients at the moment
they were actually facing the treatment decision. Our results were clearly influenced
by the preceding treatment. Selecting only disease-free patients may have reinforced
this influence. Generally, patients without recurrence are more satisfied with care than
patients with recurrence.”® In addition, we did not have details on the patient’s persistent
symptoms, which may be influencing preference as well. Lastly, response bias may have
occurred. Due to the non-random sample and the lack of information on patients who did
not complete the questionnaire, we are unable to correct for this potential bias.

Clinical implications of this study are knowledge of the variability of preferences
among endometrial cancer patients facing the treatment decision for adjuvant
chemoradiotherapy, and of the differences between clinicians and patients. Therefore,
detailed discussion about the benefits and harms are necessary to ensure their decisions
are well informed and aligned with their personal values, attitudes and priorities, and
not unduly influenced by clinician preferences. Clinicians tend to underestimate patients
preference for less toxic treatments.'”2° As reinforced by this study, it is important to
realize that patients might not be as willing to undergo chemotherapy as clinicians
themselves. In addition, it would be important to realize that patients highly value
clinicians’ recommendations and that recommendations may lead people to make
decisions that ultimately go against what they would otherwise prefer.?’ With the actual
5% overall survival difference in the PORTEC-3 trial', only 40% of the patients and 63% of
clinicians would prefer adjuvant chemoradiotherapy over radiotherapy alone. Based on a
survival benefit of 10% or more, adjuvant chemoradiotherapy is only advised for women
with stage 3 disease and those with serous or p53 abnormal endometrial cancer.” 22 Our
study showed that with this benefit, 57% of the patients and 84% of the clinicians would
prefer adjuvant chemoradiotherapy.

Our results on attribute importance can guide patient information. It is important to point
outthe possibility of long-term symptoms. Patients should be informed about the expected

Preferences in adjuvant treatment for high risk endometrial cancer

toxicity due to standard adjuvant pelvic radiotherapy before making a decision, even if
therisk is equal when adding adjuvant chemotherapy (e.g. 36% risk of diarrhea). Although
individually not significant, patients rated most negative attributes more important than
clinicians. Meanwhile, clinicians seem to rate long-term tingling/numbness higher than
patients. Clinicians may imagine the accompanied burden they have seen in practice
resulting in higher attribute values, while the terms ‘tingling, ‘'numbness’ or ‘'neuropathy’
might be abstract for patients without knowledge or experience. Therefore, it is important
that clinicians ask about hobbies and other social activities that might be impacted and

give practical examples to make it more imaginable.

In conclusion, our results showed considerable differences in minimally desired survival
benefit to make adjuvant chemoradiotherapy in high risk endometrial cancer worthwhile,
both among and between patients and clinicians. Overall, endometrial cancer patients
desired higher survival benefits than clinicians before preferring chemoradiotherapy.
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APPENDIX A

A1. health literacy and numeracy

Health literacy
The following 3 health literacy screening questions were included:

(1) “How often do you have someone (like a family member, friend, hospital/clinic worker
or caregiver) help you read hospital materials?” (Help Read);

(2) “How often do you have problems learning about your medical condition because of
difficulty understanding written information?” (Problems Reading);

(3) “How confident are you filling out forms by yourself?” (Confident with Forms).

Participants were asked to choose between all of the time, most of the time, some of the
time, a little of the time or none of the time. Answers were translate to a score on a scale
from 0 to 4. The SNS score was calculated by summing up the three scores (range 0-12). A
higher score indicates greater problems with reading.

Reference: Chew LD, Griffin JM, Partin MR et al. Validation of Screening Questions for Limited Health Literacy in a Large
VA Outpatient Population. Journal of General Internal Medicine 2008; 23: 561-566.

Health numeracy
The shortened SNS-3 consisted of the following items each on a 6-point Likert scale, with
interior responses labeled by numbers 2 through 5:

(1) How good are you at working with fractions? (“Not good at all,” to “Extremely Good,");
(2) How good are you at figuring out how much a shirt will cost if it is 25% off? (“Not
good at all,” to “Extremely Good,");

(3) How often do you find numerical information to be useful? (“Never" to “Very Often,").

The first two questions focus on self-reported numeracy skills (“fractions” and “shirt”),
while the third focuses on subject preference (“useful”). The SNS score was calculated by
summing up the three answers (range 3-18). A higher score indicates a higher subjective
rating of numeracy abilities and preferences.

Reference: McNaughton CD, Cavanaugh KL, Kripalani S et al. Validation of a Short, 3-Item Version of the Subjective
Numeracy Scale. Med Decis Making 2015; 35: 932-936.
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A2. treatment trade-off overview

The following overview represents the positive and negative attributes shown to
participants in the treatment trade-off. After this overview with textual explanation
participants had to answer the trade-off questions.

Positive attributes

Survival benefit
Radiotherapy alone Chemoradiotherapy

25 20000000000
000
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000
000
000
000
000
000
80
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25 out of 100 patients deceased I 20 out of 100 patients deceased
75 out of 100 patients alive 1180 out of 100 patients alive
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o
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00000000
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Survival at 5 years post-treatment. Green = alive; Pink = chemotherapy induced survival; Black = deceased.
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Negative atributes

Treatment duration

¥ ¥ ¥ ¥ ¥ ¥

Chemotherapy [arrows indicate intravenous infusion)

Radiotherapy [Sx/week)

Start Weeks

Symptoms and functioning during and shortly after treatment

NUMBNESS IN
HANDS/FEET

MUSCLE/JOINT
LIMB WEAKNESS PAIN

36 37
—a— [ 11 |
NO

NO CHEMO NO CHEMO CHEMO
CHEMO CHEMO CHEMO
DIARRHOEA HAIRLOSS FATIGUE

NO CHEMO NO CHEMO
CHEMO CHEMO CHEMO

44
B
NO

CHEMO

Example: During and shortly after chemotherapy, 52 out of 100 patients experienced tingling or numbness in hands
andj/or feet, compared to 7 patients in the radiotherapy group.

Preferences in adjuvant treatment for high risk endometrial cancer

Effects on functioning and quality of life during treatment with chemoradiotherapy
compared to patients treated with radiotherapy alone. Addition of chemotherapy causes:

« A small deterioration in quality of life;

«  Amoderate deterioration in physical functioning (exertion and daily activities);
« A moderate deterioration in social activities and family life;

« A moderate deterioration in daily activities (work/hobbies);

+ Nodifference in memory/thinking and emotional functioning.

Long term symptoms and functioning impairments caused by CTRT

«  After 3 years, 1 out of 4 patients experiences quite a bit or very much tingling
or numbness in hands/feet;

«  After 3 years, patients have a small decline in physical functioning;

«  These symptoms have improved compared to during/shortly after treatment;

« After 3 years, other symptoms and influence on functioning have been
recovered to a large extend. There are no differences between patients that
did or did not receive chemotherapy.

TINGLING OR
MUMBMESS IN
HANDS/FEET
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APPENDIX B
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ABSTRACT

Background

Standard screening of endometrial cancer (EC) for Lynch syndrome (LS) is gaining traction;
however, the prognostic impact of an underlying hereditary etiology is unknown. We
established the prevalence, prognosis, and subsequent primary cancer incidence of
patients with LS-associated EC in relation to sporadic mismatch repair deficient (MMRd)-
EC in the large combined Post Operative Radiation Therapy in Endometrial Carcinoma-1,
-2, and -3 trial cohort.

Methods

After MMR-immunohistochemistry, MLH1 promoter methylation testing, and next-
generation sequencing, tumors were classified into 3 groups according to the molecular
cause of their MMRd-EC. Kaplan-Meier method, log-rank test, and Cox model were used
for survival analysis. Competing risk analysis was used to estimate the subsequent cancer
probability. All statistical tests were 2-sided.

Results

Among the 1336 ECs, 410 (30.7%) were MMRd. A total of 380 (92.7%) were fully triaged:
275 (72.4%) were MLH1 hypermethylated MMRd-ECs; 36 (9.5%) LS MMRd-ECs, and 69
(18.2%) MMRd-ECs due to other causes. Limiting screening of EC patients to 60 years or
younger or to 70 years or younger would have resulted in missing 18 (50.0%) and 6 (16.7%)
LS diagnoses, respectively. Five-year recurrence-free survival was 91.7% (95% confidence
interval [CI] 83.1% to 100%; hazard ratio 0.45, 95% Cl 0.16 to 1.24; p=.12) for LS, 95.5%
(95% Cl 90.7% to 100%; hazard ratio = 0.17, 95% Cl 0.05 to 0.55; p=.003) for “other” vs
78.6% (95% Cl 73.8% to 83.7%) for MLH1 hypermethylated MMRd-EC. The probability
of subsequent LS-associated cancer at 10years was 11.6% (95% Cl 0.0% to 24.7%), 1.5%
(95% Cl 0.0% to 4.3%), and 7.0% (95% Cl 3.0% to 10.9%) within the LS, “other,” and MLH1
hypermethylated MMRd-EC groups, respectively.

Conclusions

The LS prevalence in the Post Operative Radiation Therapy in Endometrial Carcinoma trial
population was 2.8% and among MMRd-ECs was 9.5%. Patients with LS-associated ECs
showed a trend towards better recurrence-free survival and higher risk for second cancers
compared with patients with MLHT hypermethylated MMRd-EC.

Prevalence and prognosis of Lynch syndrome

Introduction

The diagnosis of Lynch syndrome (LS) in endometrial cancer (EC) is crucial for counseling
and cancer surveillance of patients and their relatives. LS is a highly penetrant, hereditary,
cancer-prone syndrome caused by germline variants in the DNA mismatch repair (MMR)
genes: mutL homologue 1 (MLHT), mutS homologue 2 (MSH2), mutS homologue 6 (MSH6),
or postmeiotic segregation increased 2 (PMS2). The cancer risk varies per gene and is
substantially lower for PMS2." 2 EC is often the first malignancy affecting women with LS,?
and their risk of metachronous cancer is approximately 24% at 10 years.*

LS-associated cancers arise following MMR deficiency (MMRd) due to the somatic
inactivation of the remaining wild-type MMR allele. MMRd leads to the accumulation of
mismatches, insertions, and deletions in repeated sequences also known as microsatellite
instability (MSI). MMRd is not an exclusive feature of LS; the vast majority (about 70%)
of MMRd-ECs present with somatic inactivation of the MLHT gene via hypermethylation
of the promoter region.>¢ Most of the cases that are neither MLHT hypermethylated nor
harbor a MMR germline variant are considered sporadic due to biallelic somatic MMR
gene inactivation; few are caused by an undetectable hereditary syndrome (frequently
referred to as Lynch-like syndrome).”® MMRd-ECs are known to have an intermediate
prognosis within the molecular classification with a good response to immunotherapy.’®'3
The diagnosis of LS may allow clinicians to tailor treatment and patient information; LS-
associated tumors may have a more favorable outcome, although there are no previous
studies available on the prognostic impact of LS among MMRd-ECs.

Tumor triage by MMR-immunohistochemistry (IHC) and/or MSI analysis in combination
with targeted MLHT methylation testing can identify patients with LS. The Proportion of
Endometrial Tumours Associated Lynch Syndrome (PETALS) study showed that IHC-based
triage is most accurate, whereas clinical selection based on age and family history were
imprecise predictors.” Overall, an estimated 3% of EC cases are associated with LS,
which is similar in colorectal cancer (CRC).'® However, these estimations were mostly based
on small trials with methodological heterogeneity, often selecting their test population
by age and/or family history, and incomplete testing.'

Given its relative rarity, the prevalence and prognosis of LS should be investigated in a
large population, such as the well-documented combined cohort of the Post Operative
Radiation Therapy in Endometrial Carcinoma (PORTEC)-1, -2, and -3 trials. These
randomized controlled trials have had a major impact on guidelines for treatment in
ECs.’*2' Together they included 1336 evaluable patients comprising all risk groups with
long and complete follow-up information and collected tumor blocks. The aim of our
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study was to investigate the prevalence and prognosis of LS-associated EC in relation to
MLH1 hypermethylated MMRd-EC. Secondary objectives were to evaluate currently used
age criteria for IHC-based tumor triage and the probability of developing a subsequent
primary LS-associated cancer.

Methods

Study population

Intotal, 1336 0f 1801 ECsfrom the PORTEC-1,-2,and -3 clinical trials were eligible for analysis
based on availability of formalin-fixed paraffin-embedded (FFPE) slides. In the PORTEC-1
trial (1990-1997), 714 patients with stage | low-intermediate and high-intermediate risk
EC were randomly assigned to receive pelvic radiotherapy or no additional treatment.'® In
the PORTEC-2 trial (2002-2006), 427 endometrioid EC patients with high-intermediate risk
features were randomly assigned to receive pelvic radiotherapy or vaginal brachytherapy
(if stage I: =60years).® In the international PORTEC-3 trial (2006-2013), 660 EC patients
with high-risk features were randomly assigned to receive pelvic radiotherapy or
chemoradiotherapy.?' In all trials, patients with a history of invasive cancer (for PORTEC-3
within the last 10years), except for nonmelanoma skin cancer, were excluded. Full details
and results of these trials have been published previously."?' The study protocols were
approved by the Dutch Cancer Society and the medical ethics committees at participating
centers. All patients provided informed consent for participation in the trial, and for use
of their tumor block for subsequent translational research. Clinicopathological data
including p53-IHC and POLE-mutation status were obtained from the trial databases.
Specific ethics approval was obtained for variant analysis on normal tissue among those
suspected of LS. Cases from PORTEC-1 and -2 were analyzed anonymized in view of the
long interval since recruitment. Cases from PORTEC-3 who were found to have LS were
informed by their own physiciansif LS had not been already diagnosed clinically. PORTEC-1
was conducted before time of trial registries. PORTEC-2 is registered with ISRCTN number
ISRCTN16228756, and ClinicalTrials.gov number NCT00376844. PORTEC-3 is registered
with ISRCTN number ISRCTN 14387080, and ClinicalTrials.gov number NCT00411138.

IHC, MSI, methylation analysis, and next-generation sequencing
Patients were included in the current analysis if they showed loss of expression of at least
1 of the 4 MMR proteins with positive internal control (including subclonal loss defined as
abrupt and complete regional loss with intervening stromal positivity) or MSI-high status
when MMR-IHC failed. Details on MMR-IHC and MSI testing and scoring were described
previously.> 1222 Cases with MMRd phenotype are referred to as MMRd-EC in this study
irrespective of POLE mutation status.

Prevalence and prognosis of Lynch syndrome

MLH1 methylation testing was performed on MLH1-deficient and/or MSI-high tumors
as described previously.? All cases with loss of MLH1 or MSI-high status without MLH1
hypermethylation; loss of MSH2 and/or MSH6; or isolated loss of PMS2 were triaged as
potential LS-associated MMRd-EC. DNA isolated from matched normal/tumor FFPE
tissues of these cases was amplified using long-range polymerase chain reaction
followed by targeted next-NGS for variants in the exonic regions of MLH1, MSH2, MSH6,
PMS2, POLE, and POLDT1 using the lon Proton System or lon S5 System (Thermo Fisher
Scientific, MA, USA).>* % Variants were annotated according to the following GenBank
reference sequences: NM_000249.3 (MLH1), NM_000251.2 (MSH2), NM_000179.2 (MSH6),
NM_000535.5 (PMS2), NM_006231.2 (POLE), and NM_001256849.1 (POLD1). All patients
with germline variants (likely) affecting function (path_MMR) were verified by a clinical
laboratory geneticist (C.M.T.) and considered to have LS.

Statistical analysis

Following complete triage, cases were classified into 3 groups according to the molecular
cause of their MMRd-EC: LS, methylated (including cases with MLH1 hypermethylation
and subclonal MLH1 loss), and other causes (a mixed group having alternative causes
of MMRd; see the Appendix Methods and Appendix Figure A1 for full definitions). x2
Statistics or Fisher’s exact test for categorical variables and 1-way analysis of variance or
Kruskal-Wallis test for continuous variables were used to compare characteristics. The
sample size ensured sufficient power to detect an LS prevalence of 3.0% with a precision
of 0.009 (95% confidence interval [Cl] 2.1% to 3.9%) within the whole population and a
prevalence of 12.0% with a precision of 0.03 (95% Cl 9.0% to 15.0%) within the MMRd
group.”® Recurrence-free survival (RFS) was defined as time from random assignment
to date of first relapse or death of any cause, whichever occurred first. Overall survival
(OS) was defined as time from random assignment to date of death of any cause. Patients
without an RFS or OS event were censored at the date of last contact. Five-year survival
rates were estimated using the Kaplan-Meier method and compared with log-rank test.
Cox proportional hazard models were used to estimate hazard ratios (HRs) over time; for
adjusted analysis, age was included as covariate. The proportional hazard assumption was
verified using Schoenfeld residuals. A competing-risk model with death as a competing
event was used to estimate the cumulative incidence of developing a LS-associated
second primary cancer (ie, colorectal, gallbladder, kidney, pancreas, small intestine,
stomach, urinary bladder, and ureter cancer) in the different groups. A cause-specific
Cox proportional hazard model was used to assess the statistical difference between the
estimated probabilities. Time at risk started at random assignment and ended at date
of occurrence of the first second cancer, death, or last date of study follow-up. P values
less than .05 (2-tailed) were considered statistically significant. Statistical analyses were
performed using R version 3.6.1.
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Results

Study population

Among the 1336 evaluable ECs, 410 (30.7%) were MMRd and eligible for further analysis.
Median age of MMRd-EC patients was 65 years (interquartile range = 59-73 years). Most
MMRd-ECs were early-stage tumors (74.2%) of low-grade endometrioid subtype (66.8%)
and were treated with pelvic radiotherapy (51.7%). All characteristics of MMRd-ECs
differed between the 3 PORTEC trials, in line with the inclusion criteria (Table 1).

Table 1. Patient, tumor and treatment characteristics
All MMRd-EC  PORTEC 1 PORTEC 2 PORTEC 3 p-value
n=410(100.0) n=145(35.6) n=114(27.8) n=151(36.8)

Age at randomization <0.001
Median (IQR) 65 (59-73) 67 (61-73) 70 (65-77) 60 (56-66)
FIGO 2009 stage <0.001
1A 104 (25.4) 62 (42.8) 25(21.9) 17(11.3)
1B 200 (48.8) 83(57.2) 87 (76.3) 30(19.9)
Il 36 (8.8) 0(0.0) 1(0.9) 35(23.2)
1l 70(17.1) 0(0.0) 1(0.9) 69 (45.7)
Histological grade and type <0.001
EEC grade 1/2 274 (66.8) 122 (84.1) 91 (79.8) 61 (40.4)
EEC grade 3 99 (24.1) 22 (15.2) 21(18.4) 56 (37.1)
Serous 11(2.7) 1(0.7) 2(1.8) 8(5.3)
Clear Cell 12 (2.9) 0(0.0) 0(0.0) 12(7.9)
Other 14 (3.4) 0(0.0) 0(0.0) 14 (9.3)
Myometrial invasion 0.001
=50% 274 (66.8) 83(57.2) 90 (78.9) 101 (66.9)
LvsI <0.001
Present 131(32.0) 13(9.0) 16 (14.0) 102 (67.5)
Received adjuvant treatment <0.001
No treatment 73(17.8) 71 (49.0) 2(1.8) 0(0.0)
EBRT 212(51.7) 74 (51.0) 58 (50.9) 80 (53.0)
VBT 54(13.2) 0(0.0) 54 (47.4) 0(0.0)
CTRT 71(17.3) 0(0.0) 0(0.0) 71 (47.0)

NOTE. Data reported as No. (%) unless otherwise indicated.

CTRT = combined adjuvant chemotherapy and radiotherapy; EBRT = external beam radiotherapy; EC =
endometrial cancer; EEC = endometrioid endometrial cancer; FIGO = International Federation of Gynecology
and Obstetrics; LVSI = lymphovascular space invasion; MMRd = mismatch repair deficient; PORTEC = Post
Operative Radiation Therapy in Endometrial Carcinoma; VBT = vaginal brachytherapy.
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MMR causes and variant analysis

Complete triage was accomplished for 380 (92.7%) of the MMRd-ECs (Figure 1; insufficient
material in 27 cases for MLHT methylation assay and 3 for NGS). Thirty-six path_ MMR
variant carriers were identified, giving a 2.8% LS prevalence in the overall population and
a9.5% LS prevalence within the MMRd group. There were 18 path_MSH6, 10 path_PMS2, 6
path_MSH2, and 2 path_MLH1 variant carriers. An overview of the LS cases is displayed in
Table 2. In total, 275 (72.4%) cases were classified as methylated. The remaining 69 (18.2%)
MMRd cases were neither LS nor MLHT hypermethylated and were therefore classified as

“other.”
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\_ Fully Triaged ) | Failed assay

Figure 1. Flowchart

*One case with MLH1 promoter hypermethylation in the tumor carried a germline MLHT variant.
# Insufficient material for assay; EC = endometrial cancer; LS = Lynch syndrome; Methylation (+) = MLH1
promoter hypermethylation; Methylation (-) = no MLH1 promoter hypermethylation; MMR = mismatch repair;
MMRd = mismatch repair deficient; MMRp = mismatch repair proficient; MSI = microsatellite instability; NGS =

next-generation sequencing.
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Table 2. Patient and tumor characteristics of proven LS-associated endometrial cancers

Molecular MLH1
FIGO Class by TCGA Affected MMR promoter
No. Study Age 2009 Histotype Grade surrogate proteins methylation Germline Variant Class
1 PORTEC-1 47 1B Endometrioid G2 MMRd MSH2 + MSH6 NA MSH2 c1351CT p.(GIn451%) 5
2 PORTEC-1 67 1B Endometrioid G1 MMRd MSH2 + MSH6 NA MSH2 c.363T>G p.(Tyr121*) 5
3 PORTEC-1 52 IA Endometrioid G3 MMRd MSH2 + MSH6 NA MSH2 €.646-2A>G p.(?) 4
4 PORTEC-1 54 1A Endometrioid G1 MMRd MSH2 + MSH6 NA MSH2 c.2458+1G>A p.(?) 4
5 PORTEC-3 48 e Endometrioid G2 MMRd MSH2 + MSH6 NA MSH2 c.1285C>T p.(GIn429%) 5
6 PORTEC-3 37 lnc Clear cell G2 MMRd MSH2 + MSH6 NA MSH22 NA NA 5
7 PORTEC-3 59 1A Clear cell G3 MMRd MSH2 + MSH6 NA MSH6 c.3188T>G p.(leu1063Arg) 5
8  PORTEC1 56 IA Serous G3 MMRd-p53abn Tiﬂﬁ?bc'ma' NA MSH6  c.1784delT p.(Leus95Tyrfs*15) 5
9 PORTEC-1 67 IB Endometrioid G1 MMRd MSH6 NA MSH6 c.1189_1190insTT p.(Tyr397Phefs*15) 5
10 PORTEC-1 58 1A Endometrioid G1 MMRd MSHé6 NA MSH6 c.642C>A p.(Tyr214*) 5
1 PORTEC-2 67 1B Endometrioid G1 MMRd MSH6 NA MSH6 c.2764C>T p.(Arg922*) 5
12 PORTEC-2 66 1B Endometrioid G3 MMRd MSH6 NA MSH6 c.1483C>T p.(Arg495%) 5
13 PORTEC-2 73 1B Endometrioid G1 MMRd-p53abn MSH6 NA MSH6 c.1628_1629delAA p.(Lys543Argfs*19) 5
14 PORTEC-2 82 A Endometrioid G1 MMRd MSH6 NA MSH6 €.3729_3732dupATTA p.(Phe1245llefs*31) 5
15 PORTEC-2 71 1B Endometrioid G2 MMRd-p53abn MSH6 NA MSH6 €.2719_2720delGT p.(Val907Argfs*10) 5
16 PORTEC-3 51 A Endometrioid G1 MMRd MSHé6 NA MSH6 c.3477C>A p.(Tyr1159%) 5
17 PORTEC-3 55 Nnc Endometrioid G3 MMRd-p53abn MSH6 NA MSH6 €.2906_2907delAT p.(Tyr969Leufs*5) 5
18  PORTEC-3 61 IB Clear cell G3 MMRd MSH6 NA MSH6 €.3838C>T p.(GIn1280%) 5
19  PORTEC-3 68 A Endometrioid G1 MMRd MSHé6 NA MSH6 c467C>G p.(Ser156*) 5
20  PORTEC-3 59 1B Serous G3 MMRd-p53abn MSH6 NA MSH6 ;iéiéfg:giifg;::f p.(Arg1176Asnfs*4) 5
21 PORTEC-3 60 IA Serous G3 POLEmut-MMRd MSH6 NA MSH6 c.2342dupC p.(Leu782Thrfs*3) 5
22 PORTEC-3 59 1B Clear cell G3 MMRd MSHé6 NA MSH6 €.3863_3865dupAAT p.(Phe1289%) 5
23 PORTEC-3 76 1B Serous G3 MMRd MSH6 NA MSH6 €.3847_3850dupATTA p.(Thr1284Asnfs*6) 5
24 PORTEC-3 74 IA Serous G3 MMRd-p53abn MSH6 NA MSH6 c.10C>T p.(GIn4*) 4
25  PORTEC-1 57 1B Endometrioid G3 MMRd PMS2 NA PMS2 c.1882C>T p.(Arg628*) 5
26 PORTEC-1 66 1B Endometrioid G1 MMRd PMS2 NA PMS2 c.1882C>T p.(Arg628*) 5
27 PORTEC-1 64 1B Endometrioid G3 MMRd-p53abn PMS2 NA PMS2 C.247_250dupTTAA p.(Thr84llefs*9) 5
28  PORTEC-1 65 1B Endometrioid G1 MMRd PMS2 NA PMS2 c.1261C>T p.(Arg421%) 5
29  PORTEC-2 61 1B Endometrioid G1 MMRd PMS2 NA PMS2 €.904_911delGTCTGCAG p.(Val302Thrfs*4) 5
30 PORTEC-2 61 1B Endometrioid G3 MMRd PMS2 NA PMS2 c.1831dupA p.(le611Asnfs*2) 5
31 PORTEC-2 78 1B Endometrioid G1 POLEmut-MMRd PMS2 NA PMS2 c.1882C>T p.(Arg628*) 5
32 PORTEC-2 62 1B Endometrioid G2 MMRd PMS2 NA PMS2 €.904_911delGTCTGCAG p.(Val302Thrfs*4) 5
33 PORTEC-3 54 1B Endometrioid G3 MMRd PMS2 NA PMS2 c137G>T p.(Ser4é6lle) 5
34 PORTEC-3 48 1] Endometrioid G3 MMRd PMS2 NA PMS2 c.989-2A>G p.(Glu330_Glu381del) 4
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Table 2. Patient and tumor characteristics of proven LS-associated endometrial cancers (continued)

Molecular MLH1
FIGO Class by TCGA Affected MMR promoter
No. Study Age 2009 Histotype Grade surrogate proteins methylation Germline Variant Class
35  PORTEC-3 52 nc Endometrioid G2 Not classified MLH1 + PMS2 Methylated MLH1 €.794G>C p.(Arg265Pro) 4
36 PORTEC-1 48 1B Endometrioid G1 MMRd MSI-high® Unmethylated ~ MLH1 c.806C>G p.(Ser269*%) 5

NOTE. Classification according to the 5-tiered InSiGHT rules: class 5 is pathogenic and class 4 is likely pathogenic.
Loss-of-function variant in MSH2 gene identified by genetic testing (clinical data) but insufficient material for

normal tissue next-generation sequencing.
®No material for MLH1 and PMS2 IHC

Triaged MMRd-EC

. . . . MMR protein expression All MMRd-EC Methylated Other LS
G = grade; NA = not available; MMRd = mismatch repair deficient; p53abn = p53 abnormal; POLEmut = POLE- a . b
ultramutated; PORTEC = Post Operative Radiation Therapy in Endometrial Carcinoma; TCGA = The Cancer MLH1 PMS2 MSHe6 MSH2 No. % No. No. No.
Genome Atlas. R R CL R 32 8% 0 16 16
R CL R R 15 4% 0 5 10
R R CL CL 33 8% 0 25 7
LS patients were younger, with a median age of 60years (interquartile range = 54-67 R R cL sL 3 1% 0 1 1
years) and more often had p53 aberrant staining (20.0%) and serous (13.9%) or clear cL CL R R 254 62% 226 8 1
cell (8.3%) histology compared with the patients with methylated MMRd-EC (Table 3). SL cL R R 6 2% 5 1 0
Limiting screening of EC patients to age 50 years or younger, 60 years or younger, and cL cL sL R 11 3% 9 1 0
70years or younger would have missed 31 (86.1%), 18 (50.0%), and 6 (16.7%) LS diagnoses, UK cL R R 5 1% 2 0 0
respectively. Figure 2 displays the distribution of the involved MMR proteins; all LS cases cL R R R 4 1% 1 0 0
identified by the 4-panel approach would also have been identified by a 2-panel approach oL sL R R 1 0% 1 0 0
including only PMS2- and MSH6-IHC. No germline POLE/POLD1 variants affecting function o ol = = 1 0% 1 0 0
were identified. LS patients with path_MSH6 and path_PMS2 variants were older than = = = i ) 1% 0 ) 0
those with path_MLH1 and path_MSH2 variants (median age = 63, 62, 50, and 50years, o B 5 = ) 0% 0 ] 0
respectively; p=.01; Appendix Table A1). sl ol st R ] 0% 0 ] 0
Survival R CL CL CL 1 0% 0 0 0
The estimated RFS for the MMRd population at 5 years was 83.7% (95% Cl 80.1% to 87.4%)): St St R R 2 5% 2 0 0
91.7% (95% Cl 83.1% to 100%) for patients with LS-associated MMRA-EC, 78.6% (95% C| R R St St v T 0 40
73.8% to 83.7%) for patients with methylated MMRJ-EC, and 95.5% (95% Cl 90.7% to R St R R ! 0% 0 ! 0
100%) for patients with other causes of MMRd-EC (p=.001; Figure 3A; LS vs methylated: R R R St ! 0% 0 ! 0
HR 0.45, 95% Cl 0.16 to 1.24, p=.12; other vs methylated: HR 0.17, 95% Cl 0.05 to 0.55, St R R R ! 0% ! 0 0
p=.003). UK UK UK UK 11 3% 7 2 1
CL Complete loss SL Subclonal loss R Retained UK Unknown

Figure 2. Details on the mismatch repair (MMR) protein expression according to the molecular cause of their
MMR-deficient endometrial cancer (MMRd-EC).

MMR protein expression was scored as following: complete loss (CL), retained (R), subclonal loss (SL), unknown/
failed (UK). The concordance of these 2 columns shows that a 2-antibody (MSH6 and PMS2) panel is as sensitive
as the full panel to detect Lynch syndrome (LS). PAll MMRd-ECs including those with insufficient material for
MLH1 methylation assay (n=27) and next-generation sequencing (n=3).
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The estimated OS for the MMRd population at 5 years was 82.8% (95% Cl 79.2% to 86.5%):
88.5% (95% Cl 78.5% to 99.8%) for patients with LS-associated MMRd-EC, 78.5% (95%
Cl 73.7% to 83.5%) for patients with methylated MMRd-EC, and 97.0% (95% Cl 93.0% to
100%) for patients with other causes of MMRd-EC (p <.001; Figure 3B; LS vs methylated:
HR 0.50, 95% Cl 0.24 to 1.02, p=.06; other vs methylated: HR 0.27, 95% Cl 0.13 to 0.55,
p<.001). After adjustment for age, the trend for better OS in the LS group was no longer
observed (vs methylated MMRd-EC: HR 0.73, 95% Cl 0.35 to 1.52, p=.40), whereas age and
having another cause of MMRd were statistically significant prognostic factors (HR 1.07,
95% ClI 1.04 to 1.09, p<.001; other vs methylated MMRd-EC: HR 0.41, 95% CI 0.20 to 0.85,
p=.02).
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Figure 3. Kaplan-Meier survival curves for recurrence-free survival (A) and overall survival (B) for patients
with methylated mismatch repair deficient (MMRd), other MMRd and Lynch syndrome (LS) associated MMRd
endometrial cancer (EC) including cases with a concurrent POLE variant affecting function (POLEmut-MMRd-EC).
P values reflect 2-sided log-rank test.

Second primary cancers

At 10years, the cumulative incidence of developing a second LS-associated tumor was
11.6% (95% Cl 0.0% to 24.7%) among EC patients with LS, 1.5% (95% Cl 0.0% to 4.3%)
among patients with other MMRd-EC, and 7.0% (95% Cl 3.0% to 10.9%) among patients
with methylated MMRd-EC (Appendix Figure A2).Three of the 4 LS-patients who developed
a second primary LS-associated cancer had colon cancer (after 3.8, 4.8, and 14.9 years) and
1 had ureteral cancer (after 8.0 years; Appendix Table A2, shows cancer type distribution).
The cause-specific hazard ratio for developing an LS-associated second cancer was 1.9
(95% Cl1 0.63 to 5.7; p=.26) for patients with LS vs patients with methylated MMRd-EC.

Prevalence and prognosis of Lynch syndrome

Table 3. Characteristics according to the molecular cause of their MMRd-EC.

All MMRd-EC Methylated Other LS p-value
n=410% n=275(72.4) n=69(18.2) n=36(9.5)
Age at randomization <0.001
Median (IQR) 65 (59-73) 67 (62-74) 59 (55-66) 60 (54-67)
Trial 0.002
PORTEC-1 145 (35.4) 99 (36.0) 22(31.9) 12(33.3)
PORTEC-2 114 (27.8) 87 (31.6) 8(11.6) 9(25.0)
PORTEC-3 151 (36.8) 89 (32.4) 39 (56.5) 15(41.7)
FIGO 2009 stage 0.199
1A 104 (25.4) 70 (25.5) 17 (24.6) 7(19.4)
1B 200 (48.8) 137 (49.8) 27 (39.1) 21 (58.3)
Il 36 (8.8) 22(8.0) 11(15.9) 1(2.8)
N 70(17.1) 46 (16.7) 14 (20.3) 7(19.4)
Histological grade and type <0.001
EEC grade 1/2 274 (66.8) 197 (71.6) 40 (58.0) 19(52.8)
EEC grade 3 99 (24.1) 64 (23.3) 18(26.1) 8(22.2)
Serous 11(2.7) 2(0.7) 4(5.8) 5(13.9)
Clear Cell 12(2.9) 2(0.7) 6(8.7) 3(8.3)
Other 14 (3.4) 10 (3.6) 1(1.4) 1(2.8)
Myometrial invasion 0.407
>50% 274 (66.8) 187 (68.0) 43(62.3) 27 (75.0)
LvSI 0.957
Present 131(32.0) 90 (32.7) 23(33.3) 11 (30.6)
POLEmut in tumour 0.002
EDM 19 (4.7) 8(2.9) 9(13.4) 2(5.7)
p53 IHC <0.001
Aberrant 31(7.7) 7(2.6) 14 (20.9) 7 (20.0)
Received adjuvant treatment 0.104
No treatment 73(17.8) 47 (17.1) 10 (14.5) 9(25.0)
EBRT 212 (51.7) 145 (52.7) 40 (58.0) 13 (36.1)
VBT 54(13.2) 39(14.2) 3(4.3) 6(16.7)
CTRT 71(17.3) 44 (16.0) 16 (23.2) 8(22.2)

NOTE. Data reported as No. (%) unless otherwise indicated.

CTRT = combined adjuvant chemotherapy and radiotherapy; EBRT = external beam radiotherapy; EC =
endometrial cancer; EDM = exonuclease domain mutations; EEC = endometrioid endometrial cancer; FIGO =
International Federation of Gynecology and Obstetrics; IHC = immunohistochemistry; LS = Lynch syndrome;
LVSI = lymphovascular space invasion; MMRd = mismatch repair deficient; POLEmut = POLE-ultramutated;
PORTEC = Post Operative Radiation Therapy in Endometrial Carcinoma; VBT = vaginal brachytherapy.

*All MMRd-ECs including those with insufficient material for MLH1 methylation assay (n = 27) and normal tissue
NGS (n=3).
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Discussion

After complete IHC-based tumor triage, we found a 2.8% prevalence of LS in 1 of the largest
EC trial populations worldwide, comprising all risk groups with long and complete follow-
up. The prevalence of LS among patients with MMRd-EC was 9.5%. Patients with LS were
relatively young, but restricted testing to women who are 60 years or younger would have
missed one-half of the cases. Patients with LS tend to have a better RFS and a higher risk of
developing second primary cancers compared with patients with methylated MMRd-ECs.
No trend for more favorable OS was found after adjustment for age.

This is the first study to our knowledge investigating the prognostic value of LS
within the MMRd-EC subgroup. Most of the recent research showed that MMRd-ECs,
predominantly driven by the large number of MLHT hypermethylated cases, have an
intermediate prognosis within the molecular classification introduced by The Cancer
Genome Atlas.’®'? Our survival analysis showed that EC patients with LS tend to have a
better RFS than patients with methylated MMRd-EC (HR 0.45; p =.12), whereas LS had
no statistically significant prognostic value for OS after adjustment for age (age-adjusted
HR 0.73; p=.40). The favorable prognosis has been assumed to be induced by the active
local immune response.’? Comparable survival analysis in CRC has been published. One
study showing a better OS for 85 CRC patients with LS compared with 67 sporadic MMRd
patients after adjustment for age, stage, and BRAF status (HR 0.29, 95% Cl 0.09 to 0.95; p
=.04).2The other study also showing better OS in 37 CRC patients with LS compared with
106 methylated MMRd patients, although the difference was minimal after adjusting for
age and stage.”®

The cumulative incidence for developing a second LS-associated cancer at 10years was
11.6% (95% Cl 0.0% to 24.7%) for patients with LS vs 7.0% (95% Cl 3.0% to 10.9%) for
patients with methylated MMRd-EC (HR 1.90, 95% Cl 0.63 to 5.7; p=.26). Our analysis
was underpowered due to the small number of events in the LS group. Nevertheless, the
elevated risk strengthens previous reports on subsequent cancers in EC or non-CRC LS
patients (15%-24%)*3° and is of importance for surveillance strategies.

The 2.8% prevalence of LS-EC s consistent with previous publications in which prevalences
of 2.8% to 3.2% were reported.’>"” This prevalence is likely a slight underestimation. Firstly,
our NGS panel did notinclude EPCAM and could not detect large rearrangements. To detect
large rearrangement in EPCAM or the MMR genes, Multiplex Ligation-dependent Probe
Amplification is most commonly used but performs poorly on FFPE tissue. Secondly, the
patient selection in our trial design may have affected the prevalence. Patients younger
than 60years with stage | ECs were excluded from the PORTEC-2 trial. Nevertheless, the

Prevalence and prognosis of Lynch syndrome

total PORTEC population deviates minimally from the general EC population as suggested
by the similar age in the PETALS study, an unselected, prospective, cross-sectional study in
the United Kingdom among 500 EC patients.’> Moreover, patients with a history of cancer
were excluded from the PORTEC trials. The PORTEC population represents women with
EC as their sentinel LS-associated malignancy, which is the case in more than one-half of
those women with LS who develop cancer.? Although this selection has potentially led
to a slight underestimation of the prevalence of LS in EC, it does represent the patients
in which LS could be detected by IHC-based tumor triage. The recently published meta-
analysis by Ryan et al.’® included mostly small trials with methodological heterogeneity,
often selecting their test population by age and/or family history, and incomplete testing;
only 1 publication included over 1000 ECs, but germline testing was limited to the minority
of the triaged potential LS cases.® Our study is the first with LS testing in an EC population
consisting of more than 1000 women with almost complete MMR-IHC, targeted MLHT
methylation testing, and MMR germline testing, making our estimates more reliable.

The path_MSH6 carrier rate of 50.0% among the PORTEC patients with LS is consistent
with LS testing results in other unselected EC populations,’'” but it is remarkably high
compared with LS registry data. Only 13% of path_MMR carriers in the clinically selected
Prospective Lynch Syndrome Database bear path_MSH6." As mentioned above, our cohort
represents patients with EC as their sentinel cancer likely to induce a lower frequency of
path_MLH1 and path_MSH2. Moreover, it must be considered that most of our participants
were Dutch, and the path_MSHé6 rate of 30% among the Dutch LS registry patients was
relatively high compared with the overall Prospective Lynch Syndrome Database.?' Lastly,
path_MSH6 families are not identified efficiently by current clinical criteria for LS®? due to
the later age of onset of CRC, incomplete penetrance, and a higher risk and later age of
onset of EC."333 The same applies to path_PMS2 carriers with a substantially lower cancer
risk. 21316 Correspondingly, the path_MSH6 and path_PMS2 carriers were older than the
path_MLH1 and path_MSH2 carriers in our population.

Triage of incident ECs based on IHC with targeted MLHT methylation testing, as has been
adopted widely for CRC, may be a more effective strategy to identify these LS families
than age- and family history-based triage. An upper age screening limit would not
be recommended, because limiting screening to EC patients who are aged 70years or
younger would have missed 6 (16.7%) LS diagnoses. We confirmed that a 2-antibody panel
including MSH6- and PMS2-IHC, with MSH2- or MLH1-IHC only in case of inconclusive
staining, is as sensitive as the full panel to detect LS, so this could be a reliable alternative
to improve cost-effectiveness.” 3
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A limitation of our study was the lack of germline LS sequencing on the whole study
population. Therefore, sensitivity of the IHC-based triage to identify LS patients could
not be assessed. Some patients with LS might have been diagnosed before entering the
trial, although many were diagnosed after inclusion and had no prior knowledge of the
germline mutation.

The diagnosis of LS in EC is crucial for counseling and cancer surveillance even though
these patients might be older than those presenting with CRC."® Moreover, LS screening
in incident ECs will have consequences for the patient’s family. Cascade testing of at-risk
relatives can identify path_MMR carriers who can benefit from cancer surveillance and
risk-reducing treatment.?”38 The clinical impact depends on the gene-specific cancer risk,
which is substantially lower for path_PMS2 carriers."? Finally, LS identification may have
consequences by allowing clinicians to better estimate and explain prognosis, and to
potentially tailor treatment in the upcoming immunotherapy era.'*27:3°

Further research into the causes of the 63 cases with neither MLHT hypermethylation nor
a MMR germline variant is ongoing. It is hypothesized that the majority will be explained
by a sporadic origin through biallelic somatic MMR inactivation.'>“ The determination of
a sporadic explanation excludes potential undetectable LS (or ‘Lynch-like’ syndrome) and
will avoid a clinical management dilemma in those cases.

In conclusion, Lynch syndrome was identified using MMR-IHC with targeted MLH1
methylation—based triage in 2.8% of 1336 patients with EC from the combined PORTEC-1,
-2, and -3 trials, corresponding to 9.5% of the MMRd tumors. LS was mainly caused by
germline variants in the MSH6 and PMS2 genes. Patients with LS-associated ECs showed
a trend towards better RFS and higher risk for second primary cancers compared with
patients with ECs caused by MLHT hypermethylation. Besides a prognostic impact,
screening all incident ECs without an upper age limit to identify LS using tumor-based
triage may benefit counseling, affect treatment decisions, and facilitate prevention
strategies for current and future patients and their families.

Prevalence and prognosis of Lynch syndrome
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APPENDIX

Supplementary Methods

Definitions

MMRd-EC = All EC with loss of expression of one or more MMR proteins and positive
internal control irrespective of POLE- and MSI-status. In case MSI testing was performed,
but no MMR-IHC, all EC with MSI-high status. In case not all four MMR proteins could be
stained: All EC with loss of expression of at least one MMR protein or MSI-high status.

MMRp-EC = All EC with retained expression of all four MMR proteins. In case MSI testing
is performed, but no MMR-IHC, all EC with MSI-low or MSS status.

Suspected of Lynch syndrome/Potential LS-associated MMRd-EC = All MMRd-EC with
loss of MLH1 expression without hypermethylation of the MLH1 promotor; loss of MSH2
and/or MSH6 expression or isolated loss of PMS2 expression. In case MSI testing was
performed, but no MMR-IHC, all MMRd-EC with MSI-high status without hypermethylation
of the MLH1 promotor. In case not all four MMR proteins could be stained: MMRd-EC with
loss of MSH2, MSH6 and/or PMS2 with retained MLH 1 expression, or loss of MLH1 expression
or MSI-high if MLH1-IHC is not available without MLHT promotor hypermethylation.

LS-associated MMRd-EC = MMRd-EC with a germline variant (likely) affecting function
corresponding with MMR protein loss. Class 4 or 5 according to InSiGHT Variant
Classification.

MMRd caused by MLH1 promotor hypermethylation = All MMRd-EC with loss of MLH1
expression and proven MLH1 promotor hypermethylation by methylation specific PCR.
In case MSI testing was performed, but no MMR-IHC, all EC with MSI-high status and
proven MLHT promotor hypermethylation. In case not all four MMR proteins could be
stained: MMRd-EC with loss of PMS2 and/or MLH1 expression and proven MLH1 promotor
hypermethylation. Also including cases with subclonal loss of MLH1 and total loss of PMS2
expression with MLHT promotor hypermethylation.

Subclonal loss of MMR expression = Subclonal loss (=10%) of one or more MMR proteins
(NB excluding cases with complete loss of expression of another MMR protein, than the
complete loss of another MMR protein is leading in group allocation).

Methylated MMRd-EC = All EC with MMRd caused by MLH1 promotor hypermethylation
and subclonal loss of MLH1 expression.

Prevalence and prognosis of Lynch syndrome

MMRd-EC with other causes = MMRd-EC with neither a MMR germline variant affecting
function in DNA isolated from normal tissue nor promotor hypermethylation of MLHT in
the tumor. A mixed group having alternative causes of MMRd. It is hypothesised that the
majority will be explained by sporadic origin through biallelic somatic MMR inactivation
(i.e. variants affecting function or loss of heterozygosity [LOH]), and few cases may have
an undetectable hereditary syndrome (frequently referred to as ‘Lynch-like syndrome’ in
literature).

MMRd-EC with unknown MLH1 methylation status = All MMRd-EC with loss of MLH1
expression and insufficient material for MLHT promoter methylation assay.

Complete triage/Fully triaged = All identified MMRd-EC with successful MLHT promoter
methylation assay and next-generation sequencing when indicated.
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Definition Depending on performed MMR/MSI test(s) MLH1 methylation status NGS
MMR-IHC + MSl test  Only MSI-test ~ MMR-IHC of <4 proteins
or only MMR-IHC performed + MSI-test
MMRd Loss of =1 MMR MSI-high Loss of =1 MMR proteins or MSI
proteins high
MMRp All retained MSI low or MSS  all IHC retained expression + MSI
expression low or MSS
Suspected of LS / MSH2 and/or MSH6 MSH2, MSH6 or PMS2 loss with
Potential LS-associated loss, PMS2 loss retained MLH1
MLH1 loss MSI-high MLH1 loss or MSI-high if MLH1- Unmethylated
IHC N/A
Methylated MMRd-EC 1 MLH1 loss MSI-high PMS2 and/or MLH1 loss or MSI- Hypermethylated
Included subgroups: high if MLH1-IHC N/A

1. MLH1 methylated; 2 Subclonal MLH1 loss?
2. Subclonal MLH1

loss;

LS-associated EC Suspected of LS; Suspected of LS; Pathogenic mutation in normal (and tumor) tissue
Corresponding to Corresponding to NGS
NGS

MMRd-EC with other Suspected of LS or Suspected Suspected of LS 1. Double somatic mutations in tumor without pathogenic

cause Subclonal MSH2, of LS mutation in normal tissue (Ongoing research)

Included subgroups: MSH6 or PMS2 loss? 2a. No pathogenic mutation in normal tissue found and

1. Explained somatic no double somatic alteration in tumor (Ongoing research)

2 (a/b). Unexplained 2b. No pathogenic mutation in normal tissue found and

tumor NGS failed

Failed cases 1 MLH1 loss PMS2 and/or MLH1 loss Failed

Included subgroups:

1. Unknown MLH1

methylation status 2 Suspected of LS Suspected Suspected of LS Normal tissue NGS failed

2. Suspected of LS but of LS

failed NGS

Figure A1. Definitions

Definition depend on the combination of the results of the MMR/MSI test (choose one of the three green
columns based on the available test results; MMR-IHC [dark green column] is preferable when available), MLH1
methylation status (blue) and NGS (orange) in the corresponding row.

2NB excluding cases with complete loss of another MMR protein; the complete loss of another MMR protein is
leading in group allocation.

EC = endometrial cancer; IHC =immunhistochemistry; LS = Lynch syndrome; MMRd = mismatch repair deficient;
MMRp = mismatch repair proficient; MSI = microsatellite instability; N/A = not available; NGS = next-generation
sequencing
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Table A1. Patient, tumor and treatment characteristics of patients with proven MMR germline variant according Table A2. Distribution of the Lynch syndrome associated second primary cancer types
to affected gene Methylated ~ Other Lynch
MLH1 PMs2 MSH2 MsHeé p-value 2nd Primary cancers, No. (%) 15 (5.5) 2(2.9) 4(11.1)
n=2 n=10 n=6 n=18 Type, No. (%) N N N
Age at randomization 0.011 Colon 5(33.3) 2 (100) 3(75.0)
Median (IQR), y 50 (49-51) 62(58-65) 50(47-54) 63(59-70) Gallbladder 1(6.7) 0(0) 0(0)
Trial 0.182 Kidney 1(6.7) 0(0) 0(0)
PORTEC-1 1(50.0) 4 (40.0) 4(66.7) 3(16.7) Pancreas 2(13.3) 0(0) 0(0)
PORTEC-2 0(0.0) 4 (40.0) 0(0.0) 5(27.8) Rectosigmoid 1(6.7) 0(0) 0(0)
PORTEC-3 1(50.0) 2(20.0) 2(33.3) 10 (55.6) Rectum 2(133) 0(0) 0(0)
FIGO 2009 stage 0.195 Stomach, excl. cardia 2(13.3) 0(0) 0(0)
IA 0(0.0) 0(0.0) 2(333) 5(27.8) Urinary bladder 1(6.7) 0(0) 0(0)
IB 1(50.0) 9(90.0) 2(333) 9(50.0) Ureter 0(0) 0(0) 1(25.0)
I 0(0.0) 1(10.0) 0(0.0) 0(0.0)
11l 1 (50.0) 0(0.0) 2(33.3) 4(22.2)
Histological grade and type 0.302 = 100 —
EEC grade 1/2 2(100.0) 5(50.0) 4 (66.7) 8 (44.4) G = Methylated MMRd-EC
EEC grade 3 000 5600 10167  2(11.1) 8 ™7 — other MMRA-EC
Serous 0(0.0) 0(0.0) 0(0.0) 5(27.8) E 0 LS MMRd-EC
Clear cell 0(0.0) 0(0.0) 10167) 20111 2
Other 0(0.0) 0(0.0) 0(0.0) 1(5.6) 2 25
Myometrial invasion 0.18 8 0 o~
>50% 1(50.0) 10(100.0) 4(66.7) 12 (66.7) T T I T T T
LvsI 0.569 0 2 4 6 8 10
Present 0(0.0) 2(20.0) 2(333) 7(38.9) . L
_ Years since randomisation
POLEmut in tumour 0.858 Number at risk:
EDM 0(0.0) 1(100) 0(0.0) 1(5.6) Methylated MMRd-EC: 275 267 251 232 216 198 162 124 89 72 &3
Other MMR4-EC: 69 69 68 65 63 54 47 40 27 22 19
p53IHC 0.224 LSMMRJ-EC: 36 35 35 34 31 26 25 19 13 12 9
Aberrant 0(0.0) 1(10.0) 0(0.0) 6(33.3)

Figure A2. Cumulative incidence of developing a subsequent Lynch syndrome associated primary cancer after
Received Adjuvant Treatment 0.127 a primary endometrial cancer.

No treatment 1 (50.0) 3(30.0) 4(66.7) 1(5.6)

EBRT 1(50.0) 4(40.0) 0(0.0) 8 (44.4)
VBT 0(0.0) 1(10.0) 0(0.0) 5(27.8)
CTRT 0(0.0) 2(20.0) 2(33.3) 4(22.2)

NOTE. Data reported as No. (%) unless otherwise indicated.

CTRT = combined adjuvant chemotherapy and radiotherapy; EBRT = external beam radiotherapy; EC =
endometrial cancer; EDM = exonuclease domain mutations; EEC = endometrioid endometrial cancer; FIGO
= International Federation of Gynecology and Obstetrics; LVSI = lymphovascular space invasion; MMRd =
mismatch repair; POLEmut = POLE-ultramutated; PORTEC = Post Operative Radiation Therapy in Endometrial

Carcinoma; VBT = vaginal brachytherapy.
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ABSTRACT

The prognosis of recurrent or metastatic endometrial cancer is poor, with five-year survival
of only 10-20%. First-line therapy consists of either platinum-based chemotherapy or
hormonal therapy. No standard subsequent-line therapy has been identified. In recent
years, significant progress has been made in the knowledge on underlying molecular
biology of endometrial cancer and potential targets for therapy have been identified.
Targeted therapies as poly (ADP-ribose) polymerase (PARP) inhibitors and immunotherapy
as PD-1/PD-L1 checkpoint inhibitors have the potential to be effective against specific
subtypes of endometrial cancer. Preclinical studies have shown that combining these
agents may result in a synergistic effect. In this review, we focus on the molecular basis of
checkpoint inhibition and targeted therapy as PARP inhibition in endometrial cancer and
summarize available clinical data, and ongoing and planned clinical trials that investigate
these agents as mono- or combination therapies in endometrial cancer and where
relevant, other gynecological cancers.

PARP and checkpoint inhibition in advanced endometrial cancer

1. Introduction

Endometrial cancer is the most common gynecological cancer in developed countries,
and its incidence is gradually rising due to increased obesity and ageing of the population.
In contrast to the declining trends for many common cancers, mortality has remained
roughly the same for endometrial cancer.”? Although endometrial cancer is most often
diagnosed at an early stage and the prognosis is generally good, a small (but notable)
proportion of patients present with or develop metastatic or recurrent disease not
amenable to localized therapies; these women have an unfavorable prognosis. First-
line therapy for metastatic disease consists of platinum-based chemotherapy, especially
carboplatin-paclitaxel,®> or hormonal therapy in case of low grade, hormone receptor
positive tumors.*® There are no standard subsequent-line therapies. Five-year survival is
only 10-20% for women with non-locally recurrent or metastatic disease.>®® Consequently,
new treatment strategies and paradigms are urgently needed for these patients. Among
these, checkpoint inhibition and targeted therapies, such as Poly (ADP-ribose) polymerase
(PARP) inhibition, are of interest with the current understanding of the molecular biology
of endometrial cancer.

Here, we focus on the molecular basis of checkpoint and PARP inhibition in endometrial
cancer and present an overview of the current and future clinical trials that investigate
the potential of PARP- and checkpoint inhibition as mono- or combination therapy in
advanced endometrial cancer and where relevant, other gynecological cancers. We also
discuss the hypothesis of combination therapy induced synergistic anti-tumor effect and
trials exploring the efficacy of this combination, such as the Durvalumab and Olaparib in
Metastatic or recurrent Endometrial Cancer (DOMEC; NCT03951415) trial.

2. Molecular background

Significant progress in unraveling the underlying molecular biology of endometrial
cancer has been made since the extensive molecular-genetic analysis by The Cancer
Genome Atlas group (TCGA). The TCGA has identified four distinct molecular subgroups
with prognostic significance:® (i) Endometrial cancer with pathogenic mutations in
the exonuclease domain of DNA polymerase-epsilon (POLE) with an extremely high
mutational load and an excellent prognosis; (ii) endometrial cancer with microsatellite
instability (MSI) caused by mismatch repair deficiency with a high mutational load and an
intermediate prognosis; (iii) a copy-number low (CNL) group with no specific molecular
profile (NSMP), a low mutational load and an intermediate prognosis and; (iv) a group with
frequent TP53-mutation characterized by extensive somatic copy-number alterations
(SCNAs; CNH), a relatively low mutational load and a poor prognosis.
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Subsequent studies have identified surrogate markers that can be used to classify
endometrial cancer into four molecular subgroups analogous to the TCGA subclasses.
This novel classification of endometrial cancer not only provides important prognostic
information, it also yields biologically defined subgroups that may show different
responses to specific drugs. For example, POLE ultramutated and mismatch repair deficient
(MMRd) endometrial cancer are attractive candidates for immune checkpoint inhibition
strategies, as they are associated with a high mutational burden and a prominent immune
infiltrate.’® " The immune checkpoint inhibitor pembrolizumab has been approved by
the Food and Drug Administration (FDA) for unresectable or metastatic MSI or MMRd
solid tumors. Secondly, CNH endometrial cancers are characterized by alterations in the
actionable p53 pathway.'>'® This pathway alteration is associated with a high prevalence
of homologous recombination deficiency (HRD)."* Generally, HRD tumors are likely to
respond to PARP inhibitors." For patients with ovarian cancer and metastatic breast
cancer PARP inhibitors are becoming part of standard-of-care therapy; PARP inhibition
effect is largest in patients with BRCA-mutated tumors and those that are HRD.'¢*'

Research on differences between molecular alterations in primary and recurrent or
metastatic endometrial cancer tumors is limited. In a Memorial Sloan Kettering Cancer
Center (MSK) cohort, including 189 patients with recurrent and metastatic endometrial
cancer analyzed for molecular characterization, the most frequent somatic alterations
were similar to the TCGA cohort, although TP53 mutations were more common and PTEN
alterations were less common in the MSK cohort. These differences were largely explained
by the histologic subtypes, with inclusion of carcinosarcomas and clear cell tumors and
a higher proportion of serous and grade 3 tumors in the MSK cohort compared to the
TCGA cohort.?? Thus far, studies have indicated that the molecular classification according
to TCGA subgroups is generally stable from primary to metastatic lesions.?>* However,
in a small proportion of cases a shift from CNL to MMRd was seen® and PTEN mutations
are less commonly observed in metastatic lesions compared to their matched primary
tumor.? Gibson et al. found that abdominal metastases are more closely related to each
other than to the primary tumor biopsy, so they might have arisen from a limited fraction
of these cancers. Despite a notable heterogeneity between silent mutations of the primary
tumor and their metastases, the overlap in non-silent mutations between the primary
tumor and their metastases is large.?*

Especially following therapy, derangements in multiple oncogenic or tumor-promoting
pathways may occur. This should be considered when evaluating targeted therapies in the
recurrent setting. Moreover, metastases to anatomical sites outside the abdominopelvic
area might present with different actionable alterations. The large number of genetic
co-alterations in advanced tumors can be a challenge in choosing targeted therapies.

PARP and checkpoint inhibition in advanced endometrial cancer

Combining agents targeting different pathways attempts to circumvent these problems.
Checkpoint and Poly (ADP-ribose) polymerase (PARP) inhibition are two promising
treatment modalities for endometrial cancer. These agents can be combined, and it is
hypothesized that this combination delivers a synergistic effect. This synergistic effect is
discussed later in this review.

3. Checkpoint inhibition: anti-PD-(L)1 antibodies

Immune checkpoint inhibitors, particularly agents targeting the programmed cell death
protein-1 (PD-1)/programmed death-ligand-1 (PD-L1) pathway, are being increasingly
explored as a potential treatment strategy in various cancers. Checkpoint inhibition could
prevent PD-1/PD-L1 interaction by blocking PD-1 or its ligand PD-L1.2* The PD-1 receptor
is a transmembrane protein expressed on the surface of activated T-cells.? Once PD-L1,
commonly over-expressed on many tumor cells and hematopoietic cells, binds to PD-1 the
immunological response is suppressed and apoptosis is inhibited. Checkpoint inhibition
based on anti-PD-1/PD-L1 pathway antibodies can be subdivided in PD-1 blockers and
PD-L1 blockers. PD-1 blockers which have established activity in several cancer types are
nivolumab, pembrolizumab and cemiplimab.?” PD-L1 blockers which have been shown to
be effective are atezolizumab, avelumab and durvalumab. Theoretically, anti-PD-L1 has a
lessimmune related toxicity profile compared to anti-PD-1, since they do not block binding
of the other PD-1 ligand, PD-L2. PD-L2 is expressed on hematological cells, and interaction
with PD-1 generates an inhibitory signal affecting the immune response. In addition, PD-L2
binds to repulsive guidance molecule b (RGMb), which regulates respiratory immunity.?®
No direct comparison has been made between PD-1 and PD-L1 inhibitors. Pembrolizumab
has been approved by the FDA for unresectable or metastatic MSI or MMRd solid tumors
that have progressed following prior treatment without satisfactory alternative treatment
options, which include selected endometrial carcinomas.? Particularly tumors with a
high mutational burden (e.g. POLE/MMRd subgroups) may be susceptible to PD-1/PD-L1
inhibitors.3* 3! In endometrial cancer the MMRd subgroup are expected to benefit most,
since POLE ultramutated endometrial cancer is associated with an extremely favorable
prognosis and very rare disease recurrence.’”>* The PD-1 inhibitor dostarlimab is currently
undergoing FDA review for advanced endometrial cancer.

The response to checkpoint inhibition seems to be more pronounced in patients with
tumors that express PD-L1.3235 PD-L1 expression is higher among MMRd than MMR
proficient endometrial cancer,*® ¥ although PD-L1 expression is not exclusive to the
MMRd group.®® The largest study on PD-L1 expression in endometrial cancer, including
700 patients, reported expression of PD-L1 in approximately 30% of MMRd tumors and
less than 5% in MMR proficient tumors. Other studies report larger expression percentages
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up to 53% in MMRd.?”-*° Differences in reported percentages are probably explained by
the heterogeneity in used methods and thresholds. There is no established cut-off for PD-
L1 positivity in endometrial cancer. Although, in a basket trial enabling routine genomic
testing for advanced cancer patients, the Strata Trial (NCT03061305), an RNA expression
score of more than 22 (scale 0 -100) was validated as 100% sensitive and 70% specific for
predicting PD-L1 tumor proportion score of 250%.%° PD-L1 expression in lung cancer and
breast cancer has proven to select patients that benefit most from checkpoint-inhibition,
this has not yet been established for endometrial cancer.

The few trials published on PD-L1 or PD-1 inhibition in recurrent gynecological cancer
showed clinical efficacy and an acceptable safety profilein endometrial cancer,?*#' cervical
cancer*” and ovarian cancer.** However, last update of the three-arm phase 3 JAVELIN
Ovarian 100 and 200 trials in both patients with primary stage Ill or IV ovarian cancer
and patients with platinum resistant or refractory ovarian cancer showed no significant
difference in progression free survival (PFS) or overall survival (OS) after evaluating
avelumab in combination with and/or following platinum-based chemotherapy, and
avelumab with pegylated liposomal doxorubicin monotherapy, respectively.*®*” Le et al. #'
investigated pembrolizumab in patients with advanced MMRd cancers across 12 different
tumor types. Of all tumor types, the highest frequency of MMRd was seen in endometrial
cancer (17%). Objective response rate (ORR) was 53%, and complete responses were
achieved in 21% of the 86 patients, of whom 15 had endometrial cancer. Pembrolizumab
demonstrated a durable antitumor activity in 24 patients with heavily pretreated advanced
PD-L1-positive endometrial cancer in the KEYNOTE-028.2° Objective radiographic
responses were observed in 13%, and stable disease also in 13%. No complete responses
were observed and median PFS was 1.8 months (95% Cl 1.6-2.7 months). Among all 19
tumor samples evaluable for MSI status the only tumor with MSI-high status had a partial
response. The other two patients with a partial response had non-MSI-high status; one
of them was POLE-mutated. This indicates that treatment effect is most pronounced in
the MMRd subgroup, but it is not limited to this subgroup. Monotherapy is generally
tolerated,?*3541-44.48.49 glthough awareness of immune-related adverse events is warranted.

Several phase 1 and 2 studies are currently recruiting patients with recurrent endometrial
cancer to investigate anti PD-1 (NCT02628067, NCT02899793, NCT02728830,
NCT03241745, NCT03474640, NCT02715284) or anti PD-L1 monotherapy (NCT03212404)
in a single group design or compared to the combination with a monoclonal antibody
against CTLA-4 in a randomized open label trial (NCT03015129). Two recruiting phase
3 trials are to investigate the addition of anti-PD-L1 therapy to the usual chemotherapy
treatment (paclitaxel and carboplatin) in advanced or recurrent endometrial cancer
(NCT03914612, NCT03981796).

PARP and checkpoint inhibition in advanced endometrial cancer

4. PARP inhibition

Currently, PARP inhibitors are part of standard-of-care therapy for selected patients with
ovarian cancer and metastatic breast cancer. PARP facilitates DNA damage repair in case of
single-strand DNA breaks. Inhibition of PARP leads to accumulation of DNA damage and
double-strand DNA breaks (DSBs). DSBs are repaired by two major pathways: homologous
recombination repair and the more error prone ‘nonhomologous end joining’ In patients
whose tumors exhibit homologous recombination-deficiency (HRD), DNA repair is
impaired and consequently these patients may be more sensitive to PARP inhibition.™

The various PARP inhibiting agents include olaparib, niraparib, rucaparib, talazoparib, and
veliparib.'® In December 2018, olaparib was approved as frontline maintenance therapy for
germline BRCA1/2 mutation associated ovarian cancer with response to platinum-based
chemotherapy. Approval was based on the SOLO-1 trial,*® that showed an improvement
of median PFS after olaparib compared to placebo (49.9 versus 13.8 months, HR 0.30, 95%
Cl 0.23-0.41; p < .01). Recent phase 3 trials confirm the effectivity of PARP inhibition as
frontline therapy after response to platinum-based chemotherapy'® even in HR-proficient
tumors (although to a lesser extent).*® Moreover, olaparib, niraparib and rucaparib
have been approved for maintenance therapy in patients with recurrent ovarian cancer
regardless of BRCA-status, who responded to platinum-based chemotherapy based on the
SOLO-2, NOVA and ARIEL-3 trials.'®'8 In addition, olaparib and talazoparib have received
FDA approval for treating patients with BRCA-mutated metastatic breast cancer, based
on PFS improvement in the phase 3 EMBRACA>" and OlympiAD trials.>?> Adverse events,
including fatigue, gastro-intestinal and hematologic adverse events, were generally
acceptable and manageable with dose modifications and delays.’®2">*%2 An overview of
these studies is displayed in Appendix Table A1.

The hypothesized benefit of PARP inhibitionin endometrial canceris based on the observed
effect in BRCA1/2 mutated and HRD tumors mentioned above. Whether endometrial
cancer should be considered part of germline BRCA-associated syndrome is under
debate.” Nevertheless, previous research pointed out molecular similarities of serous-like/
SCNA-high endometrial cancer and both basal-like breast cancer and high-grade serous
ovarian cancer, including a high number of SCNAs and frequent TP53 mutations.'? Serous-
like/SCNA-high endometrial cancers also frequently are HRD. In general, HRD tumors are
sensitive to platinum-based chemotherapy and PARP inhibitors.>*>>

Currently, no clinical trials on PARP inhibition in endometrial cancer have been published.
However, there are three upcoming or currently recruiting trials in recurrent or metastatic
endometrial cancer. In a single group phase 2 trial, the efficacy of niraparib is being
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investigated in 44 patients (NCT03016338). Two planned randomized placebo-controlled
trials will investigate the activity of rucaparib (NCT03617679) and olaparib (NCT03745950)
in respectively 138 and 147 patients with metastatic endometrial cancer.

5. Combination therapy

There is growing interest in combining immunotherapy with other targeted agents and
with chemotherapy in all endometrial cancer subtypes. However, only one clinical trial
combining immunotherapy with other targeted therapy in endometrial cancer has been
published. Makker and Taylor et al.*¢ > investigated the combination of pembrolizumab
and lenvatinib, a multikinase inhibitor targeting VEGFR, FGFR, and PDGFR in a phase 2
study in selected solid tumors, including endometrial cancer, irrespective of MMRd or
PD-L1 expression status. Grade 3 or higher treatment related adverse events occurred in
67-68%. Dose interruptions (70%) or dose reductions (63-64%) were needed to manage
adverse events in the majority of patient; 15-16% of the patients discontinued the study
due to adverse events.>*>” The ORR at 24 weeks among the 108 patients with metastatic
endometrial cancer was 38% (95% Cl 29-48%) and median PFS was 7.4 months (95% ClI
5.3-8.7).°” ORRs for participants with MMRd (94 patients) and MMR proficient (11 patients)
endometrial cancer were 36% and 64%, respectively. As a result of the high anti-tumor
activity the FDA has approved this combination for metastatic endometrial cancer that
is not MSI-H or MMRd in September 2019. Two randomized phase 3 trials (KEYNOTE-775/
NCT03517449, ENGOT-EN9/LEAP-001/NCT03884101) are currently recruiting.
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Figure 1. Effect of anti-PD-L1 and PARP inhibition.

Interaction of PD-1 and PD-L1 inhibts cytotoxic T lymphocytes (CTLs) activity, allowing the cancer cells to escape
immune detection. Poly (ADP-ribose) polymerase (PARP) inhibitors and anti-PD-L1 antibodies synergize and
may enhance an antitumor immune response mediated by specific activated CTLs against tumor antigens.
Inhibition of PARP leads to accumulation of DNA damage and double-strand DNA breaks (DSBs). In patients
whose tumors exhibit homologous recombination-deficiency (HRD), DNA repair is impaired which can lead to
apoptotic death. In addition, DNA damage due to PARP inhibition causes upregulation of chemokines and neo-
antigen expression (green arrows) and induces an immune response mediated by CTLs. Anti-PD-L1 can reverse
the potential immune escape of tumor cell mediated by the PD-L1 upregulation induced by PARP inhibitors.
Reprinted with permission from Ned Tijdschr Oncol 2019;14:(8).
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Both PARP inhibition and PD-1/PD-L1 inhibition have the potential to show activity in
specific subgroups of endometrial cancer as monotherapy. The combination of these two
agents is promising and currently being investigated among several tumor types (Table 1).
Preclinical studies have shown that the combination can have additive or even synergistic
effects. The accumulation of DNA damage caused by PARP inhibition may complement
anti-tumor activity of immune checkpoint blockade by expanding neoantigen expression
and greater immune recognition of the tumor.>®° |n vitro and in vivo breast cancer models
have shown that PARP inhibitors inactivate glycogen synthase kinase 3, which in turn
up-regulates PD-L1 expression.®’ Another study does not show upregulation of PD-L1
expression, although high PD-L1 expression was seen in the models that did not respond
to PARP inhibition.®* Checkpoint inhibition can theoretically restore antitumor immunity
and enhance the antitumor activity of PARP inhibitors (Figure 1). The benefit may be
expected the most in TP53 mutated endometrial cancer. Moreover, a substantial part
of MMRd tumors harbor one or more mutations in key components of the cellular DNA
damage response pathway such as At-rich interactive domain 1A (ARID1A) or meiotic
recombination 11 (MRE11),%* ¢ which may sensitize cancer cells to PARP inhibitors.5
Together, although data is still limited, these preclinical studies support the potential
added (or even synergistic) effect of combining PARP inhibitors and checkpoint inhibitors.

There are only few published clinical trials on combined checkpoint and PARP inhibition,
predominantly in ovarian cancer.The recently published phase 1/2 TOPACIO study showed
promising response to niraparib combined with pembrolizumab in triple negative breast
cancer or ovarian cancer, irrespective of BRCA mutation status or PD-L1 expression. They
reported an ORR of 18% and a disease control rate (DCR) of 65% in 62 patients with
ovarian cancer and respectively 21% and 49% in 55 patients with triple negative breast
cancer.®®% A dose-escalation phase 1 trial by Jung-Min et al.®® reported an ORR of 17%
and a DCR of 83% without any dose-limiting toxicity with the durvalumab-olaparib
combination in 12 patients with ovarian cancer or triple negative breast cancer. Preliminary
results of the first 32 BRCA mutated platinum-sensitive relapsed ovarian cancer patients
in the MEDIOLA-trial showed promising efficacy with a particularly high ORR of 72% with
a total of seven complete responses. Most common grade 3 or higher adverse events
were anemia (17.6%), elevated lipase (11.8%), neutropenia (8.8%), and lymphopenia
(8.8%). Five patients discontinued olaparib and three discontinued durvalumab due to
an adverse event.®>7° This treatment regimen also demonstrated efficacy and acceptable
toxicity in metastatic castration-resistant prostate cancer.”' In the randomized phase 3
JAVELIN Ovarian PARP 100 trial patients with primary stage Ill or IV ovarian cancer were
randomized to chemotherapy and avelumab followed by maintenance avelumab and
talazoparib versus an active comparator. Despite a good safety profile, efficacy interim
analysis did not support continuation of the avelumab-talazoparib combination in an
unselected patient population.’?
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Several studies are ongoing to investigate the safety and efficacy of combining PARP
inhibition and PD-1/PD-L1 pathway inhibition in gynecological cancers. The current
recruiting studies are displayed in Table 1. Three of these studies include patients with
recurrent or persistent endometrial cancer. The open-label two-group phase 2 study
(NCT02912572) 73 is designed for 70 patients previously treated with at least one line of
chemotherapy. Cohort-1, including MSI-H and/or POLE-mutant endometrial cancers, are
to receive avelumab monotherapy. Cohort 2, which includes microsatellite stable tumors
with negative or unknown POLE-mutation status, will receive the combination therapy
of avelumab and talazoparib. Secondly, the combination of PARP inhibition with a PD-1
blocker is investigated in a phase 1/2 study among 60 patients with either recurrent
endometrial cancer or castration resistant prostate cancer (NCT03572478).

The combination of PARP inhibition and PD-L1 blocking is investigated among all
molecular subgroups of endometrial cancer in the DOMEC trial (NCT03951415; Figure 2).
This study has been initiated by the Dutch Gynecological Oncology Group. It is a multi-
center, single arm phase 2 trial for 55 patients with metastatic, refractory or recurrent
endometrial cancer (including carcinosarcoma) to investigate the efficacy of the
combination therapy of olaparib and durvalumab. Patients who have not responded to
or who have relapsed after at least one prior line of chemotherapy or who are not able/
willing to get chemotherapy are eligible for the study. The primary endpoint is PFS.
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Figure 2. Participant timeline DOMEC-trial.

CT = CT scan of the abdomen and chest (or MRI when indicated); IC = Informed consent; Work-up consists of:
history, physical examination, blood including chemistry and hematology, electrocardiogram and imaging;
Follow-up consists of: history, physical examination, blood chemistry and hematology.

*QOptionally an additional blood sample for immune-monitoring or an additional fresh frozen biopsy.
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Table 1. Ongoing trials combining PARP inhibitors and PD-L1/PD-1 pathway inhibitors in gynecological cancers

Drug NCT number Conditions N Phase Design Country
Acronym
Olaparib + NCT03951415 RP  Advanced 55 2 Single Group NL
Durvalumab  DOMEC Endometrial Cancer
NCT03737643 ND Advanced OC 1056 3 Randomized US+15
DUO-O Blinded
NCT03699449 RP  Platinum-resistant 68 2 Randomized KR
AMBITION oC Open Label
NCT02734004 RP  Advanced Solid 427 1/2 Single Group US+6
MEDIOLA tumors (incl. OC)
Avelumab + NCT02912572 RP  Advanced 70 2 Non-Randomized US
Talazoparib Endometrial Cancer Open label
(cohort2: MSS)
NCT03330405 RP Locally Advancedor 242 2 Sequential US+6
Metastatic tumors Open label
Rucaparib + NCT03572478 RP  Advanced 60 1b/2a  Single Group / us
nivolumab Endometrial Cancer Randomized
(and CRPC)
NCT03522246 ND Platinum-responsive 1012 3 Randomized US+8
ATHENA Advanced OC Blinded
NCT03824704 RP OC* 139 2 Non-Randomized US
Open label
Niraparib + NCT03602859 ND Advanced OC 960 3 Randomized US+8
TSR-042 FIRST Blinded
NCT03574779 ND High-grade OC 40 2 Single group us
OPAL RP
Niraparib + NCT03598270 RP  Advanced OC 414 3 Randomized ES
Atezolizumab  ANITA Blinded
Rucaparib + NCT03101280 RP  Advanced OC and 48 1 Non-Randomized AU + 3
Atezolizumab TNBC Open Label

Several studies have multiple treatment arms to compare to standard treatment, mono therapy and/or other
novel drug combinations. Advanced disease is defined as stadium IlI-IV; AU = Australia; BC = breast cancer; BE =
Belgium; CRPC = castrate-resistant prostate cancer; ES = Spain; KR = Korea; TNBC = triple negative breast cancer;
NL = the Netherlands; MSS = microsatellite stable ND = newly diagnosed; OC = ovarian cancer; RP = recurrent or
persistent; US = United States.

*or locally advanced unresectable/metastatic transitional cell urothelial carcinoma
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6. Conclusion

In conclusion, both PARP inhibitors and checkpoint inhibitors are promising effective
novel modalities in cancer treatment. PARP inhibitors are part of standard-of-care therapy
for ovarian cancer and metastatic breast cancer. Checkpoint inhibition by anti-PD-1/PD-
L1 pathway antibodies is indicated for unresectable or metastatic MSI or MMRd solid
tumors. Combining these agents in the treatment of recurrent and metastatic endometrial
cancer seems promising as these agents may have a synergistic effect. This combination
is currently investigated in phase 2 setting. Depending on the results of those studies
subsequent phase 3 trials of PARP and checkpoint inhibition in advanced endometrial
cancer will be conducted.

PARP and checkpoint inhibition in advanced endometrial cancer

References

1

Cronin KA, Lake AJ, Scott S, Sherman RL, Noone A-M, Howlader N, et al. Annual Report to the Nation on
the Status of Cancer, part |: National cancer statistics. 2018;124(13):2785-800.

IKNL. Dutch cancer figures [Cijfers over Kanker]. Available from: http://www.cijfersoverkanker.nl
[Accessed Nov 2019].

Miller D, Filiaci V, Fleming G, Mannel R, Cohn D, Matsumoto T, et al. Randomized phase Il noninferiority
trial of first line chemotherapy for metastatic or recurrent endometrial carcinoma: A Gynecologic
Oncology Group study. Gynecol Oncol. 2012;125(3):771.

Decruze SB, Green JA. Hormone therapy in advanced and recurrent endometrial cancer: a systematic
review. Int J Gynecol Cancer. 2007;17(5):964-78.

Thigpen JT, Brady MF, Alvarez RD, Adelson MD, Homesley HD, Manetta A, et al. Oral medroxyprogesterone
acetate in the treatment of advanced or recurrent endometrial carcinoma: a dose-response study by the
Gynecologic Oncology Group. J Clin Oncol. 1999;17(6):1736-44.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 2019;69(1):7-34.

Francis SR, Ager BJ, Do OA, Huang YJ, Soisson AP, Dodson MK, et al. Recurrent early stage endometrial
cancer: Patterns of recurrence and results of salvage therapy. Gynecol Oncol. 2019;154(1):38-44.

de Boer SM, Powell ME, Mileshkin L, Katsaros D, Bessette P, Haie-Meder C, et al. Adjuvant
chemoradiotherapy versus radiotherapy alone in women with high-risk endometrial cancer (PORTEC-3):
patterns of recurrence and post-hoc survival analysis of a randomised phase 3 trial. Lancet Oncol. 2019.
Levine DA. Integrated genomic characterization of endometrial carcinoma. Nature. 2013;497(7447):67-
73.

Eggink FA, Van Gool IC, Leary A, Pollock PM, Crosbie EJ, Mileshkin L, et al. Immunological profiling of
molecularly classified high-risk endometrial cancers identifies POLE-mutant and microsatellite unstable
carcinomas as candidates for checkpoint inhibition. Oncoimmunology. 2017;6(2):e1264565.

van Gool IC, Eggink FA, Freeman-Mills L, Stelloo E, Marchi E, de Bruyn M, et al. POLE Proofreading Mutations
Elicit an Antitumor Immune Response in Endometrial Cancer. Clin Cancer Res. 2015;21(14):3347-55.
Levine DA, The Cancer Genome Atlas Research Network. Integrated genomic characterization of
endometrial carcinoma. Nature. 2013;497:67.

Sanchez-Vega F, Mina M, Armenia J, Chatila WK, Luna A, La KC, et al. Oncogenic Signaling Pathways in The
Cancer Genome Atlas. Cell. 2018;173(2):321-37 e10.

de Jonge MM, Auguste A, van Wijk LM, Schouten PC, Meijers M, Ter Haar NT, et al. Frequent Homologous
Recombination Deficiency in High-grade Endometrial Carcinomas. Clin Cancer Res. 2019;25(3):1087-97.
Lim JSJ, Tan DSP. Understanding Resistance Mechanisms and Expanding the Therapeutic Utility of PARP
Inhibitors. Cancers (Basel). 2017;9(8).

Pujade-Lauraine E, Ledermann JA, Selle F, Gebski V, Penson RT, Oza AM, et al. Olaparib tablets as
maintenance therapy in patients with platinum-sensitive, relapsed ovarian cancer and a BRCA1/2
mutation (SOLO2/ENGOT-Ov21): a double-blind, randomised, placebo-controlled, phase 3 trial. Lancet
Oncol. 2017;18(9):1274-84.

Mirza MR, Monk BJ, Herrstedt J, Oza AM, Mahner S, Redondo A, et al. Niraparib Maintenance Therapy in
Platinum-Sensitive, Recurrent Ovarian Cancer. N Engl J Med. 2016;375(22):2154-64.

Coleman RL, Oza AM, Lorusso D, Aghajanian C, Oaknin A, Dean A, et al. Rucaparib maintenance treatment
for recurrent ovarian carcinoma after response to platinum therapy (ARIEL3): a randomised, double-
blind, placebo-controlled, phase 3 trial. Lancet. 2017;390(10106):1949-61.

125




126

Chapter 5

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Coleman RL, Fleming GF, Brady MF, Swisher EM, Steffensen KD, Friedlander M, et al. Veliparib with First-
Line Chemotherapy and as Maintenance Therapy in Ovarian Cancer. N Engl J Med. 2019;381(25):2403-
2415.

Gonzalez-Martin A, Pothuri B, Vergote |, DePont Christensen R, Graybill W, Mirza MR, et al. Niraparib in
Patients with Newly Diagnosed Advanced Ovarian Cancer. N Engl J Med. 2019;381(25):2391-2402.
Ray-Coquard IL, Pautier P, Pignata S, Pérol D, Gonzdlez-Martin A, Sevelda P, et al. Phase Ill PAOLA-1/
ENGOT-ov25 trial: Olaparib plus bevacizumab (bev) as maintenance therapy in patients (pts) with newly
diagnosed, advanced ovarian cancer (OC) treated with platinum-based chemotherapy (PCh) plus bev.
Ann Oncol. 2019;30(Supplement_5).

Soumerai TE, Donoghue MTA, Bandlamudi C, Srinivasan P, Chang MT, Zamarin D, et al. Clinical
Utility of Prospective Molecular Characterization in Advanced Endometrial Cancer. Clin Cancer Res.
2018;24(23):5939-47.

Ashley CW, Da Cruz Paula A, Kumar R, Mandelker D, Pei X, Riaz N, et al. Analysis of mutational signatures
in primary and metastatic endometrial cancer reveals distinct patterns of DNA repair defects and shifts
during tumor progression. Gynecol Oncol. 2019;152(1):11-9.

Gibson WJ, Hoivik EA, Halle MK, Taylor-Weiner A, Cherniack AD, Berg A, et al. The genomic landscape
and evolution of endometrial carcinoma progression and abdominopelvic metastasis. Nat Genet.
2016;48(8):848-55.

StewartR, Morrow M, Hammond SA, Mulgrew K, Marcus D, Poon E, et al. Identification and Characterization
of MEDI4736, an Antagonistic Anti-PD-L1 Monoclonal Antibody. Cancer Immunol Res. 2015;3(9):1052.
Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and Its Ligands in Tolerance and Immunity. Annu Rev
Immunol. 2008;26(1):677-704.

Migden MR, Rischin D, Schmults CD, Guminski A, Hauschild A, Lewis KD, et al. PD-1 Blockade with
Cemiplimab in Advanced Cutaneous Squamous-Cell Carcinoma. N Engl J Med. 2018;379(4):341-51.
XiaoY,Yu'S, Zhu B, Bedoret D, Bu X, Francisco LM, et al. RGMb is a novel binding partner for PD-L2 and its
engagement with PD-L2 promotes respiratory tolerance. J exp med. 2014;211(5):943-59.

Ott PA, Bang YJ, Berton-Rigaud D, Elez E, Pishvaian MJ, Rugo HS, et al. Safety and Antitumor Activity of
Pembrolizumab in Advanced Programmed Death Ligand 1-Positive Endometrial Cancer: Results From
the KEYNOTE-028 Study. J Clin Oncol. 2017;35(22):2535-41.

Nebot-Bral L, Brandao D, Verlingue L, Rouleau E, Caron O, Despras E, et al. Hypermutated tumours in the
era of immunotherapy: The paradigm of personalised medicine. Eur J Cancer. 2017;84:290-303.

Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, et al. PD-1 Blockade in Tumors with
Mismatch-Repair Deficiency. N Engl J Med. 2015;372(26):2509-20.

Powles T, Eder JP, Fine GD, Braiteh FS, Loriot Y, Cruz C, et al. MPDL3280A (anti-PD-L1) treatment leads to
clinical activity in metastatic bladder cancer. Nature. 2014;515:558.

Rizvi NA, Brahmer JR, Ou S-HI, Segal NH, Khleif S, Hwu W-J, et al. Safety and clinical activity of MEDI4736,
an anti-programmed cell death-ligand 1 (PD-L1) antibody, in patients with non-small cell lung cancer
(NSCLC). J Clin Oncol. 2015;33(15_suppl):8032.

Segal NH, Ou S-HI, Balmanoukian AS, Fury MG, Massarelli E, Brahmer JR, et al. Safety and efficacy of
MEDI4736, an anti-PD-L1 antibody, in patients from a squamous cell carcinoma of the head and neck
(SCCHN) expansion cohort. J Clin Oncol. 2015;33(15_suppl):3011.

Dirix LY, Takacs |, Jerusalem G, Nikolinakos P, Arkenau HT, Forero-Torres A, et al. Avelumab, an anti-PD-L1
antibody, in patients with locally advanced or metastatic breast cancer: a phase 1b JAVELIN Solid Tumor
study. Breast Cancer Res Treat. 2018;167(3):671-86.

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

PARP and checkpoint inhibition in advanced endometrial cancer

Li Z, Joehlin-Price AS, Rhoades J, Ayoola-Adeola M, Miller K, Parwani AV, et al. Programmed Death Ligand
1 Expression Among 700 Consecutive Endometrial Cancers: Strong Association With Mismatch Repair
Protein Deficiency. Int J Gynecol Cancer. 2018;28(1):59-68.

Sloan EA, Ring KL, Willis BC, Modesitt SC, Mills AM. PD-L1 Expression in Mismatch Repair-deficient
Endometrial Carcinomas, Including Lynch Syndrome-associated and MLH1 Promoter Hypermethylated
Tumors. Am J Surg Pathol. 2017;41(3):326-33.

Luchini C, Bibeau F, Ligtenberg MJL, Singh N, Nottegar A, Bosse T, et al. ESMO recommendations on
microsatellite instability testing for immunotherapy in cancer, and its relationship with PD-1/PD-
L1 expression and tumour mutational burden: a systematic review-based approach. Ann Oncol.
2019;30(8):1232-43.

Sungu N, Yildirim M, Desdicioglu R, Basaran Aydogdu O, Kilicarslan A, Tatli Dogan H, et al. Expression of
Immunomodulatory Molecules PD-1, PD-L1, and PD-L2, and their Relationship With Clinicopathologic
Characteristics in Endometrial Cancer. Int J Gynecol Pathol. 2018.

Sobecki-Rausch J, Barroilhet L. Anti-programmed Death-1 Immunotherapy for Endometrial Cancer with
Microsatellite Instability-High Tumors. Curr Treat Options Oncol. 2019;20(11):83.

Le DT, Durham JN, Smith KN, Wang H, Bartlett BR, Aulakh LK, et al. Mismatch repair deficiency predicts
response of solid tumors to PD-1 blockade. Science. 2017;357(6349):409-13.

Chung HC, Schellens JHM, Delord J-P, Perets R, Italiano A, Shapira-Frommer R, et al. Pembrolizumab
treatment of advanced cervical cancer: Updated results from the phase 2 KEYNOTE-158 study. J Clin
Oncol. 2018;36(15_suppl):5522.

Hamanishi J, Mandai M, lkeda T, Minami M, Kawaguchi A, Murayama T, et al. Safety and Antitumor
Activity of Anti-PD-1 Antibody, Nivolumab, in Patients With Platinum-Resistant Ovarian Cancer. J Clin
Oncol. 2015;33(34):4015-22.

Varga A, Piha-Paul S, Ott PA, Mehnert JM, Berton-Rigaud D, Morosky A, et al. Pembrolizumab in patients
with programmed death ligand 1-positive advanced ovarian cancer: Analysis of KEYNOTE-028. Gynecol
Oncol. 2019;152(2):243-50.

Disis ML, Taylor MH, Kelly K, Beck JT, Gordon M, Moore KM, et al. Efficacy and Safety of Avelumab for
Patients With Recurrent or Refractory Ovarian Cancer: Phase 1b Results From the JAVELIN Solid Tumor
Trial. JAMA Oncol. 2019;5(3):393-401.

E. Pujade-Laurainea, K. Fujiwarab, J.A. Ledermannc, A.M. Ozad, R.S. Kristeleitc, |.L. Ray-Coquarde, et al.,
editors. Avelumab alone or in combination with pegylated liposomal doxorubicin versus pegylated
liposomal doxorubicin alone in platinum-resistant or refractory epithelial ovarian cancer: Primary and
biomarker analysis of the phase Ill JAVELIN Ovarian 200 trial. Abstracts 50th Annual Meeting of the
Society of Gynecologic Oncology; 2019; Honolulu.

Merck and Pfizer Provide Update on JAVELIN Ovarian 100 Trial of Avelumab in Previously Untreated
Advanced Ovarian Cancer2018 11-10-2019 11-10-2019]. Available from: https://www.merckgroup.com/
en/news/javelin-ovarian-100-21-12-2018.html.

Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH, Iwata H, et al. Atezolizumab and Nab-Paclitaxel
in Advanced Triple-Negative Breast Cancer. N Engl J Med. 2018;379(22):2108-21.

Nanda R, Chow LQ, Dees EC, Berger R, Gupta S, Geva R, et al. Pembrolizumab in Patients With Advanced
Triple-Negative Breast Cancer: Phase Ib KEYNOTE-012 Study. J Clin Oncol. 2016;34(21):2460-7.

Moore K, Colombo N, Scambia G, Kim BG, Oaknin A, Friedlander M, et al. Maintenance Olaparib in Patients
with Newly Diagnosed Advanced Ovarian Cancer. N Engl J Med. 2018;379(26):2495-505.

Litton JK, Rugo HS, Ettl J, Hurvitz SA, Goncalves A, Lee KH, et al. Talazoparib in Patients with Advanced
Breast Cancer and a Germline BRCA Mutation. N Engl J Med. 2018;379(8):753-63.

127




128

Chapter 5

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Robson M, Im SA, Senkus E, Xu B, Domchek SM, Masuda N, et al. Olaparib for Metastatic Breast Cancer in
Patients with a Germline BRCA Mutation. N Engl J Med. 2017;377(6):523-33.

de Jonge MM, Ritterhouse LL, de Kroon CD, Vreeswijk MPG, Segal JP, Puranik R, et al. Germline
BRCA-associated Endometrial Carcinoma is a Distinct Clinicopathologic Entity. Clin Cancer Res.
2019;25(24):7517-7526.

Stewart RA, Pilie PG, Yap TA. Development of PARP and Immune-Checkpoint Inhibitor Combinations.
Cancer Res. 2018;78(24):6717-25.

Mendes-Pereira AM, Martin SA, Brough R, McCarthy A, Taylor JR, Kim JS, et al. Synthetic lethal targeting
of PTEN mutant cells with PARP inhibitors. EMBO Mol Med. 2009;1(6-7):315-22.

Taylor MH, Lee CH, Makker V, Rasco D, Dutcus CE, Wu J, et al. Phase IB/Il Trial of Lenvatinib Plus
Pembrolizumab in Patients With Advanced Renal Cell Carcinoma, Endometrial Cancer, and Other
Selected Advanced Solid Tumors. J Clin Oncol. 2020;38(11):1154-63.

Makker V, Taylor MH, Aghajanian C, Oaknin A, Mier J, Cohn AL, et al. Lenvatinib plus pembrolizumab in
patients With advanced endometrial cancer. J Clin Oncol. 2020;38(26):2981-2992.

Cesaire M, Thariat J, Candeias SM, Stefan D, Saintigny Y, Chevalier F. Combining PARP inhibition,
radiation, and immunotherapy: A possible strategy to improve the treatment of cancer? Int J Mol Sci.
2018;19(12):3793.

Ding L, Kim HJ, Wang Q, Kearns M, Jiang T, Ohlson CE, et al. PARP Inhibition Elicits STING-Dependent
Antitumor Immunity in Brca1-Deficient Ovarian Cancer. Cell Rep. 2018;25(11):2972-80 e5.

Pantelidou C, Sonzogni O, De Oliveria Taveira M, Mehta AK, Kothari A, Wang D, et al. PARP Inhibitor
Efficacy Depends on CD8(+) T-cell Recruitment via Intratumoral STING Pathway Activation in BRCA-
Deficient Models of Triple-Negative Breast Cancer. Cancer Discov. 2019;9(6):722-37.

Jiao S, Xia W, Yamaguchi H, Wei Y, Chen M-K, Hsu J-M, et al. PARP Inhibitor Upregulates PD-L1 Expression
and Enhances Cancer-Associated Immunosuppression. Clin Cancer Res. 2017;23(14):3711.

Pellegrino B, Llop-Guevara A, Pedretti F, Cruz C, Castroviejo M, Cedro-Tanda A, et al. PARP inhibition
increases immune infiltration in homologous recombination repair (HRR)-deficient tumors. Ann Oncol.
2019;30(Supplement_5).

Giannini G, Rinaldi C, Ristori E, Ambrosini MI, Cerignoli F, Viel A, et al. Mutations of an intronic repeat
induce impaired MRE11 expression in primary human cancer with microsatellite instability. Oncogene.
2004;23(15):2640-7.

Bosse T, ter Haar NT, Seeber LM, Diest PJv, Hes FJ, Vasen HFA, et al. Loss of ARID1A expression and its
relationship with PI3K-Akt pathway alterations, TP53 and microsatellite instability in endometrial cancer.
Modern Pathology. 2013;26(11):1525-35.

Shen J, Peng Y, Wei L, Zhang W, Yang L, Lan L, et al. ARID1A Deficiency Impairs the DNA Damage
Checkpoint and Sensitizes Cells to PARP Inhibitors. Cancer Discov. 2015;5(7):752-67.

Vinayak S, Tolaney SM, Schwartzberg L, Mita M, McCann G, Tan AR, et al. Open-Label Clinical Trial of
Niraparib Combined With Pembrolizumab for Treatment of Advanced or Metastatic Triple-Negative
Breast Cancer. JAMA Oncol. 2019;5(8):1132-1140.

Konstantinopoulos PA, Waggoner S, Vidal GA, Mita M, Moroney JW, Holloway R, et al. Single-Arm Phases
1 and 2 Trial of Niraparib in Combination With Pembrolizumab in Patients With Recurrent Platinum-
Resistant Ovarian Carcinoma. JAMA Oncol. 2019 ;5(8):1141-1149.

Lee JM, Cimino-Mathews A, Peer CJ, Zimmer A, Lipkowitz S, Annunziata CM, et al. Safety and Clinical
Activity of the Programmed Death-Ligand 1 Inhibitor Durvalumab in Combination With Poly (ADP-
Ribose) Polymerase Inhibitor Olaparib or Vascular Endothelial Growth Factor Receptor 1-3 Inhibitor
Cediranib in Women'’s Cancers: A Dose-Escalation, Phase | Study. J Clin Oncol. 2017;35(19):2193-202.

69

70

71

72

73

PARP and checkpoint inhibition in advanced endometrial cancer

Drew Y, de Jonge M, Hong SH, Park YH, Wolfer A, Brown J, et al. An open-label, phase Il basket study
of olaparib and durvalumab (MEDIOLA): Results in germline BRCA-mutated (gBRCA) platinum-sensitive
relapsed (PSR) ovarian cancer (OC). Gynecol Oncol. 2018;149:246-7.

Drew Y, Kaufman B, Banerjee S, Lortholary A, Hong SH, Park YH, et al. Phase Il study of olaparib +
durvalumab (MEDIOLA): Updated results in germline BRCA-mutated platinum-sensitive relapsed (PSR)
ovarian cancer (OC). Ann Oncol. 2019;30(Supplement_5).

Karzai F, VanderWeele D, Madan RA, Owens H, Cordes LM, Hankin A, et al. Activity of durvalumab plus
olaparib in metastatic castration-resistant prostate cancer in men with and without DNA damage repair
mutations. J Immunother Cancer. 2018;6(1):141.

Merck Kgaa, Darmstadt, Germany, and Pfizer Announce Discontinuation of Phase Ill Javelin Ovarian
PARP 100 Trial in Previously Untreated Advanced Ovarian Cancer2019. Available from: https://www.
pfizer.com/news/press-release/press-release-detail/merck_kgaa_darmstadt_germany_and_pfizer_
announce_discontinuation_of_phase_iii_javelin_ovarian_parp_100_trial_in_previously_untreated_
advanced_ovarian_cancer.

Konstantinopoulos PA, Liu JF, Barry WT, Krasner CN, Buss MK, Birrer MJ, et al. Phase 2, two-group, two-
stage, open-label study of avelumab in patients with microsatellite stable, microsatellite instable and
POLE-mutated recurrent or persistent endometrial cancer. J Clin Oncol. 2017;35(15_suppl):TPS5615-TPS.

129




130 | Chapter 5

APPENDIX A

A1. Search strategy

A comprehensive search in PubMed and clinicaltrials.gov was performed for clinical
studies published or posted in English on February 28,2019, with the terms and synonyms
of“gynecological cancer” OR“endometrial cancer” OR“ovarian cancer”OR “cervical cancer”
OR “breast cancer” AND “PARP inhibitor” OR “checkpoint inhibitor”. References of relevant
records were also evaluated for cross-referencing. We identified 5 relevant (phase 3) trial
publications for PARP inhibition monotherapy (0 in endometrial cancer), 8 relevant (phase
1-2) published trials for PD-1/PD-L1 blocking monotherapy (2 in endometrial cancer) and 1
relevant (phase 1) trial publication for the combination therapy (0 in endometrial cancer).
An updating PubMed search was performed on May 22, 2019, resulting 1 additional
relevant (phase 2) trial publication for PARP or checkpoint inhibitor combined with
another immunotherapy or targeted therapy agent in endometrial cancer. A last update
was done on August 15, 2019 resulting in addition of the TOPACIO trial publications
(combined treatment in ovarian and breast cancer). Finally, relevant abstracts presented
at ESMO Congress 2019 were included in the manuscript.

Table A1. Overview of phase 3 PARP inhibition studies in gynecological cancer and breast cancer

Conditions
c
E w -
< % € 2
2 £ E
) 2 a < [
SOLO-1 mPFS 49.9 vs 13.8m;
ND + oc* 391 3 Olaparib vs placebo (2:1)  HR0.30 (0.23-0.41);
Moore, 2018
p<0.01
SOLO-2 . mPFS 19.1 vs 5.5m;
. RP  + oC 295 3 Olaparib vs placebo (2:1)  HR 0.30 (0.22-0.41);
Pujade, 2019
p<0.01
BRCA+: mPFS 21.0 vs 5.5m;
HR 0.27 (0.17-0.41)
NOVA BRCA-, HRD: mPFS 12.9 vs 3.8m;
Mirza, 2016 RP  +/- OC 553 3 Niraparib vs placebo (2:1) HR 0.38 (0.24-0.59)

BRCA-: mPFS 9.3 vs 3.9m;
HR 0.45 (0.34-0.61)
p<0.01
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BRCA+: mPFS 16.6 vs 5.4m;
HR 0.23 (0.16-0.34);
HRD: mPFS 13.6 vs 5.4m;

ARIEL-3 R ib laceb
ol o1, RP - OC 564 3 (;:; parb Vs placede 1R 032 (0.24-0.42);
’ ’ BRCA+/-: mPFS 10.8 vs 5.4m;
HR 0.37 (0.30-0.45);
p<0.01
BRCA+: mPFS 34.7 vs 22.0
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BC = breast cancer; BRCA+ = breast cancer gene mutation; BRCA- = no breast cancer gene mutation; CT =
chemotherapy with carboplatin and paclitaxel; HR = hazard ratio; HRD = homologue recombinant deficient;

HRP = homologue recombinant Proficient; m = months; mPFS = median progresion free survival; ND = newly

diagnosed; OC = ovarium cancer; RP = recurrent or persistent.

* Advanced OC after complete/partial response platinum-based chemotherapy.

** NB In the homologue recombinant not determined group the hazard ratio was 0.83 (0.51-1.43).
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A2. Design and eligibility criteria of the DOMEC-trial

Summary

The Durvalumab and Olaparib in Metastatic or recurrent Endometrial Cancer
(NCT03951415; DOMEC) trial has been initiated by the Dutch Gynecological Oncology
Group. The study is designed as a prospective, multi-center, single arm phase Il study
for 55 patients with metastatic, refractory or recurrent endometrial cancer (including
carcinosarcoma of the uterus) to investigate the efficacy of the combination therapy
of olaparib 300mg PO BID and durvalumab 1500mg IV g4w. Patients who have not
responded to or who have relapsed after at least one prior line of chemotherapy or
who are not able/willing to get chemotherapy are eligible for the study. The primary
endpoint is progression free survival (PFS). Efficacy is defined as a median PFS of 6
months (compared to the estimated 30% PFS at 6 months without treatment). Forty-six
evaluable patients are needed to test the null hypothesis according to Simon'’s two-stage
design. With an expected drop-out rate of 20%, 55 patients will be entered into the trial.
Interim analysis will be performed on the first 15 evaluable patients. Secondary endpoints
include objective response rate (ORR) according to RECIST 1.1 criteria; overall survival (OS);
adverse events assessed by NCI Common Terminology Criteria for adverse Events (CTCAE)
version 5.0; and predictive biomarkers. Optional secondary endpoints are: baseline HRD
assay and immunological effects of PARP-1 inhibition measured by tests for T cell and APC
functionality and predictive biomarkers for PD-L1 blocking in blood. Baseline assessment
consists of medical history including toxicity assessment, blood chemistry, hematological
screening, a pregnancy test (in women of child-bearing potential), ECG, imaging (e.g. CT
thorax/abdomen or MRI) and complete physical examination (incl. height, weight, WHO
performance status and vital signs). Diagnosis will be centrally confirmed by the LUMC's
Department of Pathology. Extra tumor biopsies will be performed for RAD51 testing (only
at baseline) and at 3 times blood samples for immunomonitoring (50cc) will be taken;
patients will be able to opt out of the extra biopsies and/or blood samples. Every 4 weeks
during treatment and at completion of therapy physical examination, blood chemistry
and hematology and imaging will be performed. Three months after last treatment, WHO
performance status, hematology, chemistry and tumor assessment will be reported.
Participant timeline is schematically shown in Article Figure 2. Treatment will be continued
until disease progression, patient’s request to discontinue or unacceptable toxicity. Total
recruitment time is assumed to be 30 months. Follow-up after inclusion of the last subject
will be 6 months, resulting in a total study duration of 36 months.

Eligibility criteria

To be eligible for the DOMEC-trial, patients must be (1) at least 18 years old, (2) have a WHO
performance score of 0-1, and (3) have histologically confirmed diagnosis of EC (including
carcinosarcoma of the uterus). There must be (4) a documented progressive disease
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(metastatic or locally advanced) according to RECIST 1.1 criteria. (5) Disease must be not
amendable to local therapy, chemotherapy and hormonal therapy (or patient is not be
able/willing to get chemotherapy). (6) Organ system function should be adequate, defined
as adequate bone marrow function (Haemoglobin > 10.0 g/dL, Absolute neutrophil count
(ANC) = 1.5 x 10° /L, Platelet count = 100 x 10° /L), liver function (Total bilirubin < 1.5 x
institutional upper limit of normal (ULN), Aspartate aminotransferase (AST) and Alanine
aminotransferase (ALT) < 2.5 x ULN (in case of lever metastases < 5x ULN) and kidney
function (creatinine clearance =51 mL/min calculated according to Cockcroft-Gault or 24
hour urine clearance). (7) Life expectancy must be at least 16 weeks.

Patients with (1) history of leptomeningeal carcinomatosis, symptomatic brain metastases
(uncontrolled despite of corticosteroids) or spinal cord compression are not eligible. Other
exclusion criteria are (2) severe concomitant diseases; (3) active or prior documented
autoimmune or inflammatory disorders; (4) active primary immunodeficiency; (5) active
infections including tuberculosis, HIV, hepatitis B or C or (6) other malignant disease
(except adequately treated non-melanoma skin cancer, lentigo maligna or carcinoma in
situ without evidence of disease). (7) Prior treatment with PARP, PD1 or PD-L1 inhibitor;
(8) prolonged QTc interval or family history of long QT syndrome; (9) severe psychiatric
iliness; (10) irreversible grade =2 toxicity from previous anti-cancer therapy; (11) major
surgery in the last 2 weeks; (12) prior allogeneic bone marrow transplantation or double
umbilical cord blood transplantation; (13) inability to swallow oral medication; (14)
concurrent treatment with another investigational agent during the conduct of the trial
or (15) known intolerance to olaparib or durvalumab will prohibit inclusion; as well as (16)
pregnancy or breast feeding.

For more details see https://clinicaltrials.gov/ct2/show/NCT03951415.

133




Chapter 6

Efficacy and safety of durvalumab
with olaparib in metastatic or
recurrent endometrial cancer
(phase 2 DOMEC trial)

Cathalijne C.B. Post, Anneke M. Westermann, Ingrid A. Boere, Petronella O.
Witteveen, Petronella B. Ottevanger, Gabe S. Sonke, Roy I. Lalisang, Hein Putter,
Elma Meershoek-Klein Kranenbarg, Jeffrey P.B.M. Braak, Carien L. Creutzberg,
Tjalling Bosse, Judith R. Kroep.

Gynecologic Oncology 2022; 165(2):223-229.




136 | Chapter 6

ABSTRACT

Background

Patients with advanced endometrial cancer have a poor prognosis, and treatment options
are limited. The investigator-initiated, multicenter, phase 2 DOMEC trial (NCT03951415) is
the first trial to report data on efficacy and safety of combined treatment with PD-L1 and
PARP inhibition for advanced endometrial cancer.

Patients and methods

Patients with metastatic or recurrent endometrial cancer were enrolled. Patients
received durvalumab 1500 mg intravenously g4w and olaparib 300 mg 2dd until disease
progression, unacceptable toxicity, or patient withdrawal. Patients with at least 4 weeks of
treatment were evaluable for analysis. The primary endpoint was progression-free survival
at 6 months. Evidence for efficacy was defined as progression-free survival at 6 months in
>50% of patients. Secondary endpoints included safety, objective response and overall
survival.

Results

From July 2019, through November 2020, 55 patients were enrolled. At data cut-off
(September 2021), 4 of the 50 evaluable patients were still on treatment. Seventeen
patients (34%) were progression-free at 6 months. Objective response rate was 16% (95%
Cl 8.3 to 28.5) with 1 complete and 7 partial responses. With a median follow-up of 17.6
months, median progression-free survival was 3.4 months (95% Cl 2.8 to 6.2) and median
overall survival was 8.0 months (95% CI 7.5 to 14.3). Grade 3 treatment-related adverse
events occurred in 8 patients (16%), predominantly anemia. There were no grade 4 or 5
treatment-related adverse events.

Conclusions

The combination of durvalumab and olaparib was well tolerated, but did not meet the
prespecified 50% 6-month progression-free survival in this heterogeneous patient
population with advanced endometrial cancer.

Efficacy and safety in the DOMEC trial

Introduction

Endometrial cancer is the most common gynecological cancer in developed countries.
Treatment options foradvanced disease after initial platinum-taxane based chemotherapy,
and endocrine therapy in case of hormone receptor positive tumors, are scarce.®
Recently, immunotherapy using checkpoint inhibition has been studied and registered
as monotherapy’'? and in combination with angiogenesis inhibition® ¢ with promising
response rates.

The endometrial cancer molecular classification introduced by The Cancer Genome
Atlas'® provides a basis for individualized risk stratification and treatment. The significant
prognostic and predictive differences among the four molecular subgroups in early-stage
disease have been replicated in standard diagnostic pathology materials using surrogate
markers, identifying similar subgroups: p53-abnormal (p53abn), POLE-ultramutated,
mismatch repair-deficient or microsatellite unstable (MMRd), and no specific molecular
profile (NSMP) endometrial cancer.'*'® However, predictive significance in recurrent/
advanced setting has not been well characterized to date.

MMRd advanced endometrial cancer, which is characterized by a high number of somatic
mutations and increased immunogenicity, has been shown to potentially benefit from
single-agent programmed cell death-ligand or protein 1 (PD-[L]1) inhibitors with reported
objective tumor response rates varying between 27% and 57%.”"" Nevertheless, the
majority of advanced endometrial cancers will likely be relatively resistant to single-agent
checkpoint inhibitors.'®'? Inducing an immune response to checkpoint inhibitors by
combining them with other treatment modalities may be a more rational approach for
these tumors.>517

Poly (ADP-ribose) polymerase (PARP) inhibition has been raising interest as treatment
modality in endometrial cancer. As monotherapy, particularly in the molecular subgroup
with the worst clinical outcome: p53abn endometrial cancer, in which homologous
recombination deficiency (HRD) has been reported.'® '* Moreover, the combination of
checkpoint inhibition with PARP inhibition has the potential of synergy and thus might
be of interest in all types of advanced endometrial cancer. The accumulation of DNA
damage caused by PARP inhibition may complement anti-tumor activity with alteration in
immune-checkpoint receptor expression that could predispose to response to checkpoint
inhibition. % The combination of checkpoint inhibition plus PARP inhibition has already
been shown to be safe with promising activity in phase 1 and 2 trials,?"2> but has not been
studied before in endometrial cancer.
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The phase 2 DOMEC trial was initiated to investigate the efficacy and safety of combined
immune-checkpoint and PARP inhibition for patients with metastatic, persistent or
recurrent endometrial cancer.

Methods

Study design and patients

The DOMEC trial was an investigator-initiated multicenter, open-label, single-arm phase
2 study (ClinicalTrials.gov identifier: NCT03951415) of the Dutch Gynecology Oncology
Group (DGOG) evaluating the efficacy and safety of combination treatment with
durvalumab and olaparib in patients with advanced (recurrent, persistent or metastatic)
endometrial cancer. Patients were enrolled at 7 sites in the Netherlands. Data were
collected from the first registry date, July 9, 2019, through September 24, 2021. Women
with histologically confirmed endometrial cancer including uterine carcinosarcoma
were eligible if they had received at least one prior platinum-based chemotherapeutic
regimen or were not able or willing to receive chemotherapy. Eligible patients should
have documented progressive disease not amenable to local therapy or endocrine
therapy, measured by Response Evaluation Criteria in Solid Tumors (RECIST) v1.1 criteria
before enrollment. Other key eligibility criteria included WHO performance status 0 or 1,
adequate organ function, no previous treatment with PARP inhibitor or PD-(L)1 inhibitor,
and no other active primary malignancy. Inclusion was irrespective of molecular subtype.
Detailed eligibility criteria are described in Appendix A1. Written informed consent was
obtained from all patients prior to enrollment. This study was conducted in accordance
with the ethical principles of the Declaration of Helsinki, and the protocol was approved by
the Ethics Committee (METC LDD) and the institutional review board of each participating
clinical site. Study drugs and an unrestricted grant were supplied by AstraZeneca.

Procedures and outcomes

Patients received durvalumab 1500 mg intravenously once every 4 weeks and olaparib
tablets 300 mg twice daily orally until disease progression, treatment discontinuation due
to toxicity, or patient withdrawal of consent. Disease progression was based on RECIST v1.1
or documented clinical progression. Radiographic tumor assessment by CT or MRI was
performed every three months and at the end of treatment. If radiologic imaging showed
disease progression by RECIST v1.1 while the patient was clinically stable and had clinical
benefit, study treatment could be continued awaiting radiologic confirmation of disease
progression 4 weeks later. Secondary tumor assessment according to irRECIST criteria was
performed to account for delayed response and pseudo-progression. Progression-free
survival (PFS) was defined as the time from registration to the first documented disease
progression or death from any cause; overall survival (OS) was defined as the time from

Efficacy and safety in the DOMEC trial

registration to the date of death from any cause; objective response (OR) was defined
as a confirmed complete or partial response (best response from study start until the
end of treatment) using RECIST v1.1. Adverse events were evaluated according to the
National Cancer Institute Common Terminology Criteria for Adverse Events, version 5.0.
The primary endpoint was PFS at 6 months (PFS6). Secondary endpoints included PFS, OS,
OR, and safety of combined durvalumab and olaparib.

Central pathology revision was performed after registration. Estrogen receptor (ER)
immunohistochemical staining with a 10% cut-off was performed. Tumors were classified
according to the diagnostic algorithm of the molecular classification of endometrial
cancer;? KASPar competitive allele-specific polymerase chain reaction (LGC Genomics,
Berlin, Germany) was performed to screen for POLE hotspot variants at codons 286, 297,
411, 456, and 459, and immunohistochemical staining of p53 and MMR proteins (PMS2
and MSH6)** % were performed as previously described.’®

Statistical analysis

Simon's optimal two-stage design was used with 15 patients evaluable for efficacy in the
first phase. If there were at least 6 patients with PFS6, the additional 31 patients would
be enrolled in the second stage for 46 evaluable patients. With an expected drop-out of
20%, 55 patients had to be enrolled in the trial. Evidence for sufficient efficacy would be
PFS6 in at least 50% of patients, which is equivalent to a median PFS of at least 6 months.
Assuming a baseline PFS6 of 30% and improved PFS6 of 50%, this study had 80% power
at a 5% significance level.

The data cut-off date was September 24, 2021. Baseline characteristics, safety and efficacy
results were summarized descriptively. All evaluable patients, defined as having at least
28 days (1 cycle) of treatment, were included in the primary analysis. PFS and OS were
evaluated with the Kaplan-Meier method. Patients who did not experience a PFS or OS
event were censored at their last assessment. Subgroup analyses for molecular group,
histology and responders versus non-responders were performed using Fisher’s exact
test, Mann-Whitney U test and log-rank test.

Results

Patients

Between July 9, 2019, and November 25, 2020, 55 patients with advanced endometrial
cancer from 7 sites in the Netherlands were enrolled. The drop-out rate was lower than
expected, providing 50 patients evaluable for efficacy and safety analysis (Figure 1). The
median age of evaluable patients was 69.0 years (IQR 64.3 to 73.0), and the majority had
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received prior chemotherapy (42/50, 84%) and/or endocrine therapy (13/50, 26%). The
most common histologic subtypes of disease were serous carcinoma (38%), endometrioid
adenocarcinoma (32%; International Federation of Gynecology and Obstetrics [FIGO]
grade 1 or 2, 20%; FIGO grade 3, 12%), clear cell carcinoma (12%) and carcinosarcoma
(14%). Twenty-nine (58%) tumors were classified as p53abn, 10 (20%) as MMRd, 10 (20%)
as NSMP and none as POLEmut endometrial cancer (Table 1). Two of the NSMP endometrial
cancers were ER-positive.

Registered
(n=55)
Ineligible
(n=1)
Included
(n=54)
<28 days of treatment
(n=4)
Analyzed
(n=50)

Figure 1. CONSORT diagram of study enrollment

Efficacy

Among the 50 evaluable patients, 17 patients (34%) were free from progression at 6
months (18 [36%] when using irRECIST), and thus did not meet the predefined threshold
of 50% 6-month PFS. Under the hypothesis of 50% 6-month PFS, the probability of having
17 out of 50 patients with PFS6, the p-value for Simon’s two-stage design, equals 0.016.
The median follow-up time was 17.6 (95% Cl 10.1 to 20.2) months. Median PFS was 3.4
months (95% Cl 2.8 to 6.2; Figure 2A) and median OS was 8.4 months (7.5 to 14.3; Figure
2B). Median PFS for low-grade endometrial cancer patients was 4.2 months (95% Cl, 3.0
to NR) and for high-grade endometrial cancer patients 3.4 months (2.8 to 7.8; p = .82;
Figure 2C). When compared by molecular subgroup, median PFS for MMRd endometrial
cancer patients was 5.7 months (95% Cl 2.8 to NR), for NSMP 3.2 months (2.6 to NR), and
for p53abn 3.0 months (2.8 to 7.8; p = .67; Figure 2D).

There was objective response in 8 out of 50 patients (ORR 16%, 95% Cl 8.3 to 28.5; Table 2
and Figure 3A); One patient (2%) had a confirmed complete response (CR), and 7 patients
(14%) had a confirmed partial response (PR). There were no significant differences when
using irRECIST. Four patients were still receiving protocol treatment at the data cut-off
date (Figure 3B).

Efficacy and safety in the DOMEC trial

Table 1. Baseline characteristics

Characteristics N=50
Median age (IQR), years 69.0 (64.3,73.0)
Median BMI (IQR) 27.9(22.4,31.5)
WHO performance status
0 13(27.7)
1 34(72.3)
Histologic subtype
Endometrioid EC Grade 1/2 10 (20.0)
Endometrioid EC Grade 3 6(12.0)
Serous EC 19 (38.0)
Clear Cell Carcinoma 6(12.0)
Carcinosarcoma 7 (14.0)
Undifferentiated EC 2(4.0)
Molecular classification
p53-abnormal EC 29 (59.2)
MMRd EC 10 (20.4)
NSMP EC 10 (20.4)
POLEmut EC 0(0.0)
Hormonal status
ER positive 23 (46.9)
ER negative 26 (53.1)
Prior chemotherapy 42 (84.0)
Number of lines chemotherapy
1 29 (69.0)
2 11(26.2)
3 2(4.8)
Prior endocrine therapy 13 (26.0)
Number of lines endocrine therapy
1 8(66.7)
2 3(25.0)
5 1(8.3)
Prior radiotherapy 34 (68.0)

NOTE. Data reported as No. (%) unless otherwise indicated.
EC = endometrial cancer; ER = estrogen receptor; MMRd = mismatch repair deficiency; NSMP = non-specific
molecular profile; POLEmut = POLE-ultramutated; WHO = World Health Organization.
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Figure 2. Kaplan-Meier curves for progression-free survival (A) and overall-survival (B) of the evaluable ° o. Response RECIST 1.1
population, and progression-free survival by histological subtype (C) and molecular subgroup (D). MMRd = o o @ Complete Response
(] .
mismatch repair deficiency; NSMP = non-specific molecular profile; p53-abn = p53-abnormal. ° B Partial Response
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12.9 months, 1 PR with progression after 8.3 months and 1 PR who was still receiving o NA
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Figure 3. Best percentage change from baseline in sum of diameters of target lesions stratified by histology (A),
and time on treatment with best overall tumor response per patient (B).

Each bar represents one patient. The black arrows indicate patients that were still on treatment at time of data
cut-off. Each symbol represents a CT-scan with response according to RECIST v1.1
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Table 2. Best overall response as per RECIST version 1.1 and progression-free survival estimate Table 3. Treatment-related adverse events (continued)
Evaluable patients N=50 CTCAE term Any Grade =Grade2 Grade3
Best overall response, No. (%) Objective response Dysgeusia 8(16) 1(2) 0(0)
Complete Response 1(2.0) No. (%; 95% Cl) 8(16.0; 8.3-28.5) Hypothyroidism 4(8) 1(2) 0(0)
Partial Response 7 (14.0) Progression-free survival Edema limbs 2(4) 1(2) 0(0)
Stable Disease 19 (38.0) 6 m KM estimate, % (95% Cl) 34.0 (23.1-50.0) Peripheral motor neuropathy 2(4) 1(2) 0(0)
Progressive Disease 20 (40.0) Median KM estimate, m (95% Cl) 3.4(2.8-6.2) Hypertension 1(2) 1(2) 0(0)
NA 3(6.0) Gastrointestinal otherd 6(12) 0(0) 0(0)
KM = Kaplan-Meier; NA = not available; m = months. Pain® 3(6) 0(0) 0(0)
Respiratory disorders’ 3(6) 0(0) 0(0)
Safety o
] Dizziness 2(4) 0(0) 0(0)
Of the evaluable patients, 44 (88%) had a treatment-related adverse event (TRAE) of any Orv ski 2@ 00) 00)
. ry skin
grade (Table 3). The most frequently reported (=10%) TRAEs of any grade were fatigue oruritus 2 00) 00)
ruritus
(44%), nausea (38%), anemia (32%), diarrhea (26%), anorexia (24%), vomiting (16%), ; )
. . Allergic reaction 1(2) 0(0) 0(0)
dysgeusia (16%), renal events (10%) and flu-like symptoms (10%). Grade 3 TRAEs occurred A ) o) 00) 00)
nosmia
in 8 patients (16%), most frequently (10%) anemia. There were no grade 4 and 5 TRAEs. N
Colitis 1(2) 0(0) 0(0)
. . . . General disorders other 1(2) 0(0) 0(0)
One patient (2%) had to discontinue olaparib due to a treatment-related renal event and )
. . . . . Hyperglycemia 1(2) 0(0) 0(0)
12 patients (24%) had a dose reduction of olaparib due to TRAEs (1 patient with dose )
. . Hypomagnesemia 1(2) 0(0) 0(0)
reduction to 100 mg, 2 to 150 mg, 7 to 200 mg and 2 to 250 mg BID). Three other patients )
i Rk Lo Peripheral sensory neuropathy 1(2) 0(0) 0(0)
(6%) had to interrupt olaparib due to TRAEs, but could resume treatment on the initial )
. ice dailv. O tient (29) had to di i d | b v due t Vaginal hemorrhage 1(2) 0(0) 0(0)
dose of 300 mg tWIC'e aily. Une patien o) had to discontinue durvalumab early due to NOTE. Adverse events graded according to the Common Terminology Criteria for Adverse Events (version 5.0).
treatment-related diarrhea. Data are reported as No. (%). The denominator to all calculated percentages is 50, the number of evaluable

patients. No grade 4 or 5 treatment-related adverse events were reported.
Table 3. Treatment-related adverse events

a Renal event basket (including creatinine increased, acute kidney injury, chronic kidney disease)

CTCAE term Any Grade =>Grade2 Grade3 b Hepatotoxicity basket (including alanine aminotransferase increased, aspartate aminotransferase increased
Any 44 (88) 28 (56) 8(16) and alkaline phosphatase increased)
Anemia 16 (32) 12 (24) 5(10) ¢ Leukopenia (including white blood cell and neutrophil count decreased)
Fatigue 22 (44) 4(8) 2(4) d Infections (including eye, urinary tract, wound and pleural infections)
e Flu like symptoms basket (including predominantly fever, chills and flu like symptoms)
Renal events® 5(10) 4(8) 1(2) ) . ) . . . .
f Abdominal pain basket (including abdominal pain and stomach pain)
Nausea 19(38) 306 1@ g Gastrointestinal other (including constipation, dry mouth, dysphagia, oral pain and salivary duct inflammation)
Anorexia 12(24) 3(6) 1) h Pain basket (including pain, facial pain and headache)
Hepatotoxicity® 3(6) 2(4) 1(2) i Respiratory disorders basket (including cough and dyspnea)
Leukopenia® 2(4) 1) 1(2) j Pruritus basket (including pruritus and urticaria)
Infections? 4(8) 4(8) 0(0)
Diarrhea 13 (26) 2(4) 0(0)
Vomiting 8(16) 2(4) 0(0)
Flu like symptoms® 5(10) 2(4) 0(0)
Abdominal painf 3(6) 2(4) 0(0)
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Discussion

The DOMEC trial is the first to report the efficacy and safety of combined immune-
checkpoint inhibition and PARP inhibition for patients with metastatic, persistent or
recurrent endometrial cancer including uterine carcinosarcoma. In this investigator-
initiated phase 2 study, the combination of PD-L1 inhibitor durvalumab and PARP
inhibitor olaparib did not meet the prespecified threshold of 50% 6-month PFS. The trial
included a heterogeneous group of advanced endometrial cancers and PFS at 6 months
was 34%. Nevertheless, some patients benefited with prolonged response and were still
on treatment at the data cut-off date. The combined treatment was well tolerated without
any grade 4 or 5 treatment-related adverse events and grade 3 in 16% of the patients.

Comparison with other studies that investigated new agents in advanced endometrial
cancer is challenging due to the variety in study population and RECIST version used.
Our study included patients with relatively unfavorable characteristics (e.g. worse WHO
performance status, 80% high-grade endometrial cancer including 14% carcinosarcomas,
59% molecularly classified as p53abn, and 80% of NSMP endometrial cancers were ER-
negative). Reported response rates of single-agent PD-(L)1 inhibitors strongly depend on
MMR status in endometrial cancer. Studies investigating checkpoint inhibition in MMRd
advanced endometrial cancer patients showed a median PFS of 4.4 to 25.7 months with
ORR of 26.7 to 57.1%.”°"" These outcomes were better than those of the DOMEC trial, both
in the MMRd subgroup and in our overall population. In the setting of immunotherapy,
endometrial cancers classified as POLEmut, NSMP and p53abn are often referred to as
MMR-proficient (MMRp). The response rates in our study seem to be better than those
of studies with checkpoint inhibition monotherapy in MMRp endometrial cancer; Those
studies report median PFS of 1.8 to 1.9 months and ORR of 3.0 to 13.4%, while reported
rates of grade 3 or higher TRAEs were similar (13.5 to 19%).>'?> The combination of
pembrolizumab with the multitarget angiogenesis inhibitor lenvatinib, which has been
approved by the FDA for advanced MMRp endometrial cancer, provided better outcomes
irrespective of MMR status, with median PFS of 18.8 and 7.4 months and ORRs of 63.6 and
37.2% in MMRd and MMRp advanced endometrial cancer, respectively. However, more
grade 3 or higher TRAEs (67%) were observed using this combination therapy.>2¢

The combination of durvalumab and olaparib was well tolerated. One patient had to
discontinue olaparib and one patient had to discontinue durvalumab treatment due to
TRAEs. Treatment modifications were made in 34% of the patients. The most common
TRAEs of any grade were fatigue (44%), nausea (38%) and anemia (32%), and the most
common grade 3 TRAE was anemia (10%). No olaparib-related adverse events of special
interest (pneumonitis, myelodysplastic syndromes, or new primary malignancies)

Efficacy and safety in the DOMEC trial

were reported. The most commonly reported durvalumab-related adverse events of
special interest were diarrhea, renal events and hepatotoxicity. No new safety signals
were observed, in line with those previously observed in respective combination and
monotherapy studies.’®?73°

The main strength of our study is that it is the first to report the efficacy and safety of
combined immune-checkpoint inhibition and PARP inhibition for patients with metastatic
or recurrent endometrial cancer. All tumors were molecularly classified.?® This treatment
combination has a rationale from preclinical and correlative data.*® Although some
molecular subgroups could be expected to benefit more than others, a synergistic effect
could potentially occurin all types of advanced endometrial cancer. Therefore, an all-comer
design was chosen. On the other hand, this study design introduced limitations. This study
is limited by its heterogeneous patient, prior treatment and tumor characteristics. Due
to the heterogeneity and the absence of a control group, it is difficult to put the clinical
efficacy into perspective and draw any hard conclusions. In addition, the sample size was
too small to perform powered subgroup analyses to make mature recommendations on
patient selection for future clinical trials.

In order to generate recommendations on precision (combination) therapy, translational
studies are needed to enhance knowledge on biomarkers. Given the good tolerance and
suggestion of better performance than anti-PD(L)1 monotherapy in MMRp advanced
endometrial cancer, the combination of durvalumab and olaparib might be of interest in
a selected group of patients despite insufficient efficacy in the overall DOMEC population.
Subgroups of interest might be the p53abn endometrial cancer, hormone receptor-
negative NSMP endometrial cancer, and also MMRd tumors without durable response
to checkpoint inhibition.””-2° Within the p53abn endometrial cancers, specifically, tumors
with HRD are of interest. This was supported by a good response in 3 patients with
p53abn endometrial cancer with known BRCA 7 germline mutations. Another interesting
finding was that one of the seven unfavorable p53abn carcinosarcomas had a durable
response of >17 months, whereas she previously had only a short duration of disease
control after primary treatment with surgery and chemotherapy. Additional exploratory
analyses on BRCA mutational status, HRD and immunomonitoring is being planned, and
will potentially set directions for future research. Further insight could be obtained from
the currently recruiting phase 3 RUBY (NCT03981796) and DUO-E (NCT04269200) trials.
These studies investigate the combination of platinum-based chemotherapy, checkpoint
inhibitors and PARP inhibitors in the first-line treatment of advanced endometrial cancer.
The TransPORTEC consortium is initiating the RAINBO program in early-stage endometrial
cancer, consisting of four academic trials for each of the four molecular subgroups.?'-32This
approach should be extended to the advanced setting to identify the best molecularly
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based systemic therapy for every patient with endometrial cancer.

In conclusion, the combination of checkpoint inhibitor durvalumab and PARP inhibitor
olaparib was well tolerated in our group of patients with metastatic or recurrent
endometrial cancer, but did not reach the 6-month PFS of 50%, and was therefore
insufficient to recommend for a phase 3 trial in the overall patient population. However,
with further knowledge on predictive biomarkers, this combination might be of interest
in a selected group of patients with advanced endometrial cancer.
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APPENDIX A1. ELIGIBILITY CRITERIA

Inclusion criteria

1

11
12
13
14
15

Written informed consent prior to performance of study-specific procedures
or assessments, and must be willing to comply with treatment and follow-up
assessments.

Age > 18 years old

Histologically confirmed diagnosis of endometrial cancer or carcinosarcoma of the
endometrium. Besides central revision, a tumor block or 20 slides are asked for TR.
Metastatic disease or locally advanced tumor not amenable to local therapy.
Documented progressive disease before enrolment.

Measurable lesions outside irradiated field or progressive measurable lesions in
irradiated area

Not eligible for hormonal therapy (because of negative hormone receptor/poor
differentiation, or after failure of hormonal therapy).

Previous failure of chemotherapy, or refusal to undergo chemotherapy or chemo-
naive patients not suitable for chemotherapy.

WHO performance 0-1

Adequate organ system function as measured within 28 days prior to administration
of study treatment, as defined below:

«  Hemoglobin > 10.0 g/dL, with no blood transfusion in the past 28 days.

«  Absolute neutrophil count (ANC) = 1.5 x 10°/L

- Platelet count = 100 x 10°/L

« Total bilirubin < 1.5 x institutional upper limit of normal (ULN) (not applicable
to Gilbert’s syndrome)

«  Aspartate aminotransferase (AST) (Serum Glutamic Oxaloacetic Transaminase
(SGOT)) / Alanine aminotransferase (ALT) (Serum Glutamic Pyruvate
Transaminase (SGPT)) < 2.5 x ULN unless liver metastases are present in which
case they must be < 5x ULN

« Patients must have creatinine clearance estimated of =51 mL/min estimated
using the Cockcroft-Gault equation or 24 hr urine clearance.

Expected adequacy of follow-up

Life expectancy of at least 16 weeks.

Measurable disease as defined by RECIST 1.1 criteria
Able to swallow and retain oral medication.

Body weight > 30 kg
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Exclusion criteria

1

Participation in another clinical study with an investigational product during the
last month or previous enrolment in the present study.
Any previous treatment with PARP inhibitor, including olaparib and/or any previous
treatment with a PD1 or PD-L1 inhibitor, including durvalumab.
History of another primary malignancy that could conceivably be active evaluated
by the study physician. Examples include, but are not limited to:
« Malignancy treated with curative intent and with no known active disease =5
years before the first dose of IP and of low potential risk for recurrence.
« Adequately treated non-melanoma skin cancer or lentigo maligna without
evidence of disease
« Adequately treated carcinoma in situ without evidence of disease.

History of leptomeningeal carcinomatosis. Patients with symptomatic uncontrolled
brain metastases. A scan to confirm the absence of brain metastases is not required.
The patient can receive a stable dose of corticosteroids (maximum 2 mg/day)
before and during the study as long as these were started at least 4 weeks prior
to treatment. Patients with spinal cord compression unless considered to have
received definitive treatment for this and evidence of clinically stable disease for
28 days.

Resting ECG with QTc > 470 msec on 2 or more time points within a 24 hour period
or family history of long QT syndrome

Concomitant use of known strong CYP3A inhibitors (eg. itraconazole, telithromycin,
clarithromycin, protease inhibitors boosted with ritonavir or cobicistat, indinavir,
saquinavir, nelfinavir, boceprevir, telaprevir) or moderate CYP3A inhibitors (eg.
ciprofloxacin, erythromycin, diltiazem, fluconazole, verapamil). The required
washout period prior to starting olaparib is 2 weeks.

Concomitant use of known strong (eg. phenobarbital, enzalutamide, phenytoin,
rifampicin, rifabutin, rifapentine, carbamazepine, nevirapine and St John's Wort ) or
moderate CYP3Ainducers (eg. bosentan, efavirenz, modafinil). The required washout
period prior to starting olaparib is 5 weeks for enzalutamide or phenobarbital and
3 weeks for other agents.

10

11

12
13

14

Efficacy and safety in the DOMEC trial

Any unresolved toxicity NCI CTCAE Grade =2 from previous anticancer therapy with
the exception of alopecia, vitiligo, and the laboratory values defined in the inclusion
criteria

« Patients with Grade =2 neuropathy will be evaluated on a case-by-case basis
after consultation with the Study Physician.

« Patients with irreversible toxicity not reasonably expected to be exacerbated
by treatment with durvalumab and olaparib may be included only after
consultation with the Study Physician.

Currentor prior use ofimmunosuppressive medication within 14 days before the first
dose of durvalumab, with the exceptions of intranasal and inhaled corticosteroids
or systemic corticosteroids at physiological doses, which are not to exceed 10 mg/
day of prednisone, or an equivalent corticosteroid.

Major surgery within 2 weeks of starting study treatment and patients must have
recovered from any effects of any major surgery.

Patients considered a poor medical risk due to a serious, uncontrolled medical
disorder,non-malignant systemic disease oractive, uncontrolledinfection. Examples
include, but are not limited to, uncontrolled ventricular arrhythmia, recent (within 3
months) myocardial infarction, uncontrolled major seizure disorder, unstable spinal
cord compression, superior vena cava syndrome, extensive interstitial bilateral lung
disease on High Resolution Computed Tomography (HRCT) scan or any psychiatric
disorder that prohibits obtaining informed consent.

History of active primary immunodeficiency

Active or prior documented autoimmune or inflammatory disorders (including
inflammatory bowel disease [e.g., colitis or Crohn’s disease], diverticulitis [with the
exception of diverticulosis], systemic lupus erythematosus, Sarcoidosis syndrome, or
Wegener syndrome [granulomatosis with polyangiitis, Graves’ disease, rheumatoid
arthritis, hypophysitis, uveitis, etcl). The following are exceptions to this criterion:

« Patients with vitiligo or alopecia

«  Patients with hypothyroidism (e.g., following Hashimoto syndrome) stable on
hormone replacement

« Any chronic skin condition that does not require systemic therapy

« Patients without active disease in the last 5 years may be included but only
after consultation with the study physician

« Patients with celiac disease controlled by diet alone

Patients unable to swallow orally administered medication and patients with
gastrointestinal disorders likely to interfere with absorption of the study medication.
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15

16

17

18

19

Active infection including tuberculosis (clinical evaluation that includes clinical
history, physical examination and radiographic findings, and TB testing in line
with local practice), hepatitis B (known positive HBV surface antigen (HBsAg)
result), hepatitis C, or human immunodeficiency virus (positive HIV 1/2 antibodies).
Patients with a past or resolved HBV infection (defined as the presence of hepatitis
B core antibody [anti-HBc] and absence of HBsAg) are eligible. Patients positive for
hepatitis C (HCV) antibody are eligible only if polymerase chain reaction is negative
for HCV RNA.

Patients with an expected or known hypersensitivity to olaparib or durvalumab or
any of the excipients of the products.

Previous allogenic bone marrow transplant or double umbilical cord blood
transplantation (dUCBT).

Receipt of live attenuated vaccine within 30 days prior to the first dose of IP. Note:
Patients, if enrolled, should not receive live vaccine whilst receiving IP and up to 30
days after the last dose of IP.

Female patients who are pregnant or breastfeeding or patients of reproductive
potential who are not willing to employ effective birth control from screening to 90
days after the last dose of durvalumab monotherapy.

Efficacy and safety in the DOMEC trial

155




Chapter 7

General discussion and
future perspectives




158 | Chapter 7

7. GENERAL DISCUSSION AND FUTURE PERSPECTIVES

Over the last decade, essential knowledge has been gained on the molecular basis
of endometrial cancer development and behavior. This has led to the integration of
a prognostic model based on four molecular subgroups and histopathological factors,
including stage, depth of myometrial invasion, histopathologic type, Federation of
Gynecology and Obstetrics (FIGO) grade, and lymphovascular space invasion (LVSI).
Most patients present with early-stage low risk or intermediate-risk endometrial cancers.
However, about 15 to 20% of patients suffer from high risk disease, including early-stage
grade 3 or non-endometrioid cancers, and more advanced stage of disease. The molecular
classification, which has both prognostic and predictive value, is particularly relevant
in the context of these high risk endometrial cancers, and might lead to treatment
individualization and development of more effective and less toxic adjuvant treatments.

This thesis focused on treatment outcomes of high risk endometrial cancer and
corresponding patients’ and clinicians’ preferences regarding adjuvant treatment
decisions; molecular studies on the etiology of mismatch repair deficiency (MMRd) in
intermediate and high risk endometrial cancer; and the combination of immunotherapy
and PARP inhibition for the treatment of recurrent or metastatic endometrial cancer. In
this chapter, the main findings and implications of these studies and future perspectives
for innovative treatments and research are discussed and placed into perspective of
current literature.

7.1. Adjuvant treatment for high risk endometrial cancer

Women with high risk endometrial cancer have been treated with pelvic radiotherapy
for several decades. The PORTEC-3 trial compared adjuvant chemoradiotherapy versus
radiotherapy alone for women with high risk endometrial cancer and showed a 5-year
overall survival benefit of 5% (81% versus 76%) and failure-free survival benefit of 7%
(76% versus 69%) with chemoradiotherapy.' Better insight into which patients are likely to
benefit from adding adjuvant chemotherapy is essential to facilitate treatment decisions.
The greatest overall survival benefit of more than 10% was found for women with
serous cancers and those with stage Il disease.' Translational research in the PORTEC-3
trial showed that p53 abnormal (p53abn) endometrial cancers have a highly significant
benefit from chemoradiotherapy with an absolute 5-year overall survival benefit of 23%
(65% versus 42%). Patients with no specific molecular profile (NSMP) endometrial cancers
seemed to benefit from chemoradiotherapy in terms of 5-year recurrence-free survival
(80% versus 68%, but not statistically significant due to the small sample size), while
for MMRd endometrial cancers, no benefit was found (68% with chemoradiotherapy
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versus 76% with radiotherapy alone, not statistically significant). Those with POLE
mutant (POLEmut) cancers had an excellent prognosis irrespective of adjuvant treatment
modality.?

In addition to the overall survival and progression-free survival benefit of adding adjuvant
chemotherapy to pelvic radiotherapy, it is important to consider the negative treatment
effects. Therefore, long-term toxicity and health-related quality of life in the PORTEC-3 trial
and their influence on treatment decisions were investigated in chapter 2 and chapter 3
of this thesis, respectively, and discussed in the next paragraph.

Long-term toxicity and health-related quality of life

Adjuvanttreatmentis associated with additional morbidity in comparison to surgery alone.
In the PORTEC-23 and PORTEC-3 trial (reported in chapter 2), a significant proportion of
patients treated with external beam pelvic radiotherapy experienced long-term urinary
and gastrointestinal symptoms, such as urinary frequency (23 to 31%), diarrhea and fecal
leakage (8 to 15%). These long-term symptoms may have an impact on physical and role
functioning of the cancer survivors.3*In the PORTEC-2 and -3 trials, the majority of patients
were treated with 3-dimensional conformal radiotherapy (3DCRT). Current radiotherapy
techniques such as intensity modulated radiotherapy (IMRT) and volumetric modulated
arc radiotherapy (VMAT; Figure 1) have shown to reduce the risk of treatment-related
acute and late adverse events in women undergoing pelvic radiotherapy in randomized
studies.>® In an analysis of the radiotherapy techniques used in the PORTEC-3 trial, in
which about 15% of patients were treated with IMRT, gastrointestinal and hematological
toxicity were reduced with IMRT compared to 3DCRT. Thus, toxicity rates in current clinical
practice are expected to be lower than in previous studies.

Figure 1. Examples of dose distributions of pelvic external beam radiotherapy for three different radiation

techniques (A) 3-dimensional conformal radiotherapy, (B) intensity modulated radiotherapy and (C) volumetric
modulated arc therapy.
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Intensifying treatment with the addition of adjuvant chemotherapy to radiotherapy has
a significant impact on the toxicity profile, with more frequent and severe (grade 3 to
4) adverse events and impaired health-related quality of life (HRQOL) during and shortly
after treatment in the PORTEC-3 trial. The most important persisting toxicity was grade
2 sensory neuropathy.’® In our long-term analysis of adverse events and HRQOL in the
PORTEC-3 trial, we showed that recovery from grade 2 neuropathy was greatest in the first
months after completion of chemotherapy and continued to improve during 2 years of
follow-up. Thereafter, grade 2 sensory neuropathy remained constant up to 5 years after
treatment in about 6% of patients treated with chemoradiotherapy versus 0% of patients
treated with radiotherapy alone. Correspondingly, 24% of the patients who received
chemoradiotherapy reported “quite a bit” or “very much” tingling or numbness in hands
and/or feet on the quality of life questionnaires at 5 years, compared to 9% among patients
treated with adjuvant radiotherapy alone. Concerning physical and role functioning, and
weakness in the extremities, we found a statistically significant and clinically relevant
negative impact up to 3 years after chemoradiotherapy. Thereafter, scores were similar to
the radiotherapy alone group.

The rate of reported long-term tingling or numbness in the PORTEC-3 trial is in line with
rates reported in the GOG-258 trial. Both in the GOG-258 combined chemoradiotherapy
arm (using the same schedule as PORTEC-3) and the chemotherapy alone arm, “quite a
bit” or “very much” tingling or numbness in hands and/or feet were reported by 30% of
the patients at 5 years, while baseline rates were less than 5% and the highest rates of 41%
to 44% were seen at 18 weeks after treatment." The levels and the pattern of recovery
of patient-reported tingling or numbness in studies of first-line therapy with carboplatin
and paclitaxel in ovarian cancer were comparable to the PORTEC-3 trial results.’> ® The
randomized GOG-249 trial also showed significantly higher chemotherapy-induced
peripheral neuropathy rates in the combined brachytherapy and chemotherapy arm.
Even while patients only received 3 cycles of carboplatin and paclitaxel, the rate of
sensory neuropathy grade 2 was similar with 10% at 2 years." Overall, patient-reported
significant tingling or numbness persists in about 24 to 30% of patients after carboplatin
and paclitaxel chemotherapy.

The contemporary challenge is to avoid significant neuropathy symptoms caused by
adjuvant chemotherapy which have along-lasting impact on the patient’s functioning and
quality of life. Unfortunately, no effective prevention strategy against sensory neuropathy
currently exists.” '® Data on risk factors for developing chemotherapy-induced sensory
neuropathy are inconsistent,’” and no significant factors were identified in our study. The
incidence of peripheral neuropathy increases with age, at the same time as the prevalence
of systemic disorders like diabetes mellitus and ‘ageing’ of the peripheral nervous system.

General discussion

In our study, more deterioration of global health/QOL and symptoms of pain, fatigue
and tingling or numbness was seen among patients aged 70 years or older than among
younger patients. This observation was more pronounced after chemoradiotherapy
compared to radiotherapy alone, suggesting a synergistic effect. Hence, older patients
seem to be more susceptible to long-term impairment from intensified adjuvant therapy.
On the other hand, efficacy of chemoradiotherapy is at least equivalent or even superior
in older patients compared to younger patients. This should be considered during patient
counseling.

Treatment preferences

The results presented in chapter 3 give more insight into how survival benefit and the
adverse events of chemoradiotherapy balance out for patients and clinicians, and which
factors influence the treatment decision. We found that patients desired higher survival
benefits to prefer adjuvant chemoradiotherapy over radiotherapy alone than clinicians.
Patients reported a minimal threshold of 10% survival benefit (median) over the baseline
5-year survival rate of 75% to make adjuvant chemoradiotherapy worthwhile, while for
clinicians this threshold was 5%.

Our results are in contrast to the patient preference study related to the PORTEC-3 trial
conducted by the Australia New Zealand Gynecological Oncology Group (ANZGOG).
In this sub-study among 83 patients with high risk endometrial cancer recruited to the
PORTEC-3 trial, patients desired lower benefits than clinicians to make chemoradiotherapy
worthwhile (4% versus 10% improvement over a 5-year survival rate of 65%).'® For
clinicians, this difference may be explained by their clinical experience with chemotherapy,
and knowledge of the Dutch clinicians of the PORTEC-3 trial results in contrast to those
in the ANZGOG. For patients, the relatively low required survival benefit in the ANZGOG
sub-study may be explained by the selection of PORTEC-3 participants who were likely
to accept chemotherapy for an uncertain benefit. Meanwhile, patient preferences in our
study were clearly influenced by treatment history, and most patients (75%) did not receive
chemotherapy. This was also a limitation of our study that could have been reinforced by
the selection of patients who did not experience a recurrence, and thus are likely to be
more satisfied with their treatment.' In line with our study, others have reported that
patients who are about to undergo treatment or have experienced a treatment generally
adapt to their decision by having a stronger preference for that treatment.?2

Which factors influence treatment preferences?

Most published studies report high variability in patient preferences without identification
of predictors.'®2%2 We found a considerable variation in minimally desired survival benefit
among both patients and clinicians. The range among clinicians was slightly narrower
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than among patients. For patients, predictors for chemoradiotherapy preference were
younger age, having no comorbidity and better numeracy skills. Nevertheless, individual
treatment preferences are challenging to predict from baseline characteristics, and are
likely influenced by a complex of experiences, values and attitudes. Participants, both
patients and clinicians, considered the survival benefit the most important attribute in
decision making, followed by the risk of developing long-term symptoms (i.e. neuropathy
and impaired physical functioning). The importance of survival benefit is pronounced
in preference studies among several types of cancer.?* 2> Some studies emphasized the
importance of quality of life in general as well.* %

Weighing the survival benefit in context of the molecular subgroups
Expected survival benefit should be considered when formulating recommendations
on adjuvant treatment. With the actual 5% overall survival difference reported for the
overall PORTEC-3 trial population,’ only 40% of the patients and 63% of clinicians would
prefer adjuvant chemoradiotherapy over radiotherapy alone. Based on an overall survival
benefit of 10% for stage Ill disease,’ 57% of the patients—still far from 100%—and 84%
of the clinicians would prefer adjuvant chemoradiotherapy. The translational work of the
PORTEC-3 trial suggested that this benefit in stage Ill is predominantly caused by the
p53abn and NSMP cancers.? The preference for chemoradiotherapy increases to 75%
and more than 90% for patients and clinicians, respectively, in case of a 20% benefit as
observed in serous or p53abn endometrial cancer. However, the actual baseline survival
rate for serous or p53abn cancers is lower than the 75% survival rate used in our study.
The baseline survival rate of 50% used in the ANZGOG sub-study’® is more appropriate. In
this study, preference for chemoradiotherapy in case of a 20% benefit was even stronger.
Considering these results, chemoradiotherapy can be recommended by the clinician
for patients with serous or p53abn endometrial cancer who are fit enough to undergo
treatment.

The results of our preference study cannot be directly applied to the NSMP subgroup.
No statistically significant benefit in recurrence-free and overall survival was found in the
NSMP subgroup of the PORTEC-3 trial. Estimates of 5-year survival are imprecise due to the
small number of patients, although a trend was found with a similar magnitude of benefit
as the overall trial results.? In essence, high risk NSMP endometrial cancer, especially ER/
PR-negative and high grade tumors, may benefit from adjuvant chemoradiotherapy in
terms of recurrence-free survival, although to a smaller extent as the p53abn group.? Due
to the uncertainty of treatment benefit for patients with NSMP high risk endometrial
cancer, shared decision making is essential for these patients.

General discussion

Shared decision making

While we elucidated the potential survival benefit, negative treatment effects, and
preferences in decision making in the previous sections, the question how to facilitate
decision making remains challenging. The knowledge gained from chapters 2 and 3 can
facilitate (shared) decision making for adjuvant treatment for high risk endometrial cancer.
Clinicians should be aware of the variability of preferences among endometrial cancer
patients facing the treatment decision between adjuvant chemoradiotherapy and pelvic
radiotherapy alone, and of the differences between clinicians and patients. Patients should
be well informed by clinicians on the potential benefits and harms to facilitate a decision
thatis in line with the patient’s personal values, attitudes and priorities. Impairments to be
discussed are not limited to expected chemotherapy induced acute toxicity, but include
toxicity due to standard adjuvant pelvic radiotherapy, even if the risk is equal in both arms
(e.g. 36% risk of acute diarrhea). In addition, especially the risk estimate on long-term
symptoms should be discussed with each individual patient.

Sensory neuropathy is the most clinically relevant and bothersome persisting symptom
among women treated with chemotherapy. Patient’s hobbies and other social activities
that might be impacted by neuropathy should be considered during shared decision
making. Giving personalized practical examples can make the term ‘sensory neuropathy’
more conceivable since patients may not realize the impact of this adverse event, and
terms like ‘tingling, ‘numbness’ or ‘neuropathy’ might be abstract for patients without
knowledge or experience. Moreover, it may be helpful to explore the patient’s associations
with the treatments considered—e.g. experiences from close family members—and
discuss the potential bias this may cause.

Providing relevant information and noting the patient’s medical history is essential for
shared decision making. However, the information can be biased since clinicians may
underestimate patients’ preferences for less toxic treatments.?”- 2 The aspects discussed
above could be implemented in a pre-consultation online decision aid to provide
unbiased information and help the patient to clarify personal values and identify their
preferences. It may help to align consultation and shared decision making to the issues
that matter most to the patient.

Future perspectives

The molecular classification of endometrial cancer will be the basis for inclusion criteria of
future clinical trials and treatment recommendations. The four molecular subgroups have
distinct prognostic and predictive characteristics, and thus different recommendations
can be made for each group.
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POLEmut high risk endometrial cancer

For high risk endometrial cancer with a pathogenic POLE mutation, treatment de-
escalation should be strongly considered. Recurrence rates are extremely low, and
salvage rates in case of recurrence are high.?® Given the favorable outcomes of POLEmut
endometrial cancer, omitting adjuvant treatment is likely safe in POLEmut early-stage
endometrial cancer, and is currently being investigated. The PORTEC-4a trial and TAPER
trial are two prospective clinical trials including stage I-Il POLEmut cases that do not
receive adjuvant treatment. Accrual of participants in the PORTEC-4a trial has been
completed, and results are awaited. The question remains whether adjuvant treatment
should also be de-escalated in (the rare scenario of) stage lll POLEmut endometrial cancer.
The single arm phase | RAINBO POLEmut-BLUE study will include stage I to lll endometrial
cancers to investigate whether adjuvant treatment can indeed be safely de-escalated or
omitted. Another challenge to overcome is the limited availability of POLEmut testing;
currently performed analysis to identify pathogenic POLE mutations is expensive and only
available in academic medical centers of industrialized countries. In order to overcome
this problem, more affordable and rapid assays to detect pathogenic POLE variants are
being developed.®

p53abn high risk endometrial cancer

As mentioned above, p53abn endometrial cancers benefit most from adjuvant
chemoradiotherapy compared to radiotherapy alone. However, their prognosis remains
relatively poor, and further refinement of adjuvant treatment is warranted to improve
outcomes for these patients. As explained in chapter 5, Poly (ADP-ribose) polymerase
(PARP) inhibitors may be of additional value in the treatment of p53abn endometrial
cancers, particularly in those that are homologous recombination deficient (HRD). This
applies not only to the metastatic setting, but possibly also to the adjuvant setting. PARP
inhibition would be of interest in future clinical trials for high risk p53abn endometrial
cancer. For example in the RAINBO p53abn-RED trial, in which patients with stage I-llI
p53abn endometrial cancer will be randomized between concurrent chemoradiotherapy
and chemoradiotherapy plus olaparib.

Another targeted agent of interest for p53abn endometrial cancer is Her2 blockade since
20-25% of the serous or p53abn cancers have overexpression oramplification of Her2Neu.®'
In a phase 2 trial, this combination improved progression-free survival compared to
chemotherapy alone for advanced endometrial cancer.? A three-arm randomized trial
comparing adjuvant chemotherapy alone versus chemotherapy with trastuzumab or with
trastuzumab and pertuzumab in the adjuvant setting is being initiated by the NRG group
with NCl in the United States together with the Canadian and Australian groups.

General discussion

NSMP high risk endometrial cancer

The NSMP group is a heterogeneous group, dominated by endometrioid endometrial
cancers, with generally an intermediate prognosis. Currently, histopathological factors
such as stage, grade, LVSI, and histologic type remain most important for prognostication.
Further refinement of predictive biomarkers is warranted within this molecular group.
The majority of high risk NSMP tumors are hormone receptor positive (88%), with a
significantly more favorable prognosis than those with negative hormone receptor
status.® In estrogen receptor (ER)-positive NSMP tumors, adjuvant hormonal therapy after
pelvic radiotherapy may be preferable to chemotherapy in view of the more favorable
toxicity profile. No survival benefit was found in previous studies using adjuvant hormonal
therapy; however, these studies included a heterogeneous patient population without
selecting for histology, molecular subtype and receptor status.* Most of the participants
had low and intermediate risk disease with only 3 trials including patients with higher risk
disease.

In the RAINBO NSMP-ORANGE trial, patients with ER-positive stage Il (with substantial LVSI)
or stage lll endometrial cancer will be randomized between adjuvant pelvic radiotherapy
plus hormonal treatment and chemoradiotherapy, aiming for less toxicity and better
quality of life with at least similar recurrence-free survival. The recurrence-free survival
benefit of chemotherapy seems to be less pronounced in these cases than in ER-negative
NSMP endometrial cancers.?®* Therefore the control arm can be challenged, especially
since chemotherapy might deter patients from participating in the trial.

Whereas NSMP tumors have an intermediate prognosis in the overall endometrial cancer
population, high risk grade 3 NSMP endometrial cancers have an unfavorable prognosis,*
possibly due to a more significant proportion of hormone receptor negative cases and
L1CAM overexpression. For hormone receptor negative NSMP tumors, targeted agents
should be investigated. Targets of interest may be 1932.1 amplification by MDM4
inhibition¢, PI3K/AKT/mTOR signaling pathway, Wnt/B-catenin signaling pathway
or L1ICAM. In case of Her2-low endometrial cancer the combination of trastuzumab-
deruxtecan might be of interest.?”

MMRd high risk endometrial cancer

Within the MMRd high risk group, adjuvant chemotherapy seems to be less promising
based on the PORTEC-3 trial results.? However, immunotherapy is of particular interest in
this molecular subgroup. The efficacy of immunotherapy for MMRd endometrial cancer in
the recurrent or metastatic setting will be discussed in paragraph 7.3. No trials have been
published yet in the adjuvant setting, but several clinical trials are ongoing. The RAINBO
MMRd-Green trial will include patients with stage Il (with substantial LVSI) or stage llI
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MMRd endometrial cancer. Enrolled patients will be randomly assigned to receive adjuvant
radiotherapy alone or radiotherapy combined with immunotherapy (durvalumab) during
and after radiotherapy.

Health related quality of life

HRQOL remains of high importance in future studies, including the RAINBO program.
De-escalation of adjuvant treatment within the POLE-BLUE trial is expected to improve
HRQOL, as well as the replacement of chemotherapy by hormonal therapy in the NSMP-
ORANGE trial. In chapter 6, the combination of PARP inhibition and immunotherapy
seemed tolerable in the advanced setting. These two agents are expected to be tolerable
as well in combination with chemoradiotherapy or pelvic radiotherapy in the adjuvant
setting of the p53abn-RED and MMRd-Green trials, respectively. Since all trials will use the
EORTC QLQ-C30 and the EN-24 module for assessment of HRQOL, an overall comparison
for the whole RAINBO cohort treated with molecular group based targeted treatment can
be made eventually.

It remains a challenge to measure the clinical relevance of statistically significant
differences in HRQOL scores. Mean differences of 10 points or more are widely considered
clinically meaningful when interpreting EORTC QLQ-C30 scales in clinical trials.3® 3°
However, it is plausible that minimally important differences vary by scale, direction of
change (improvement/deterioration) and clinical setting. The differences found within
the trials could be placed into perspective by comparison of the four adjuvant treatment
combinations with adjuvant radiotherapy alone and no adjuvant treatment. The quality
of life analysis will also provide more insight into the toxicity of modern radiotherapy
techniques combined with these new agents.

7.2. MMRd and Lynch syndrome

Further refinement of the MMRd molecular group

In chapter 4 the etiology of MMRd endometrial cancer was further elucidated. The
majority of MMRd endometrial cancers, 72% in the large combined cohort of PORTEC-1,
-2 and -3, were caused by MLH1 hypermethylation. Lynch syndrome was detected in 9.5%
of the MMRd cases. Of the remaining 18%, most could be explained by a sporadic origin
with detectable double somatic alterations.

Reported outcomes of MMRd endometrial cancers are predominantly driven by the MLH1
hypermethylated cases, given the relatively low incidence of Lynch syndrome. Patients
with non-methylated MMRd endometrial cancer seem to have a favorable prognosis
compared to those with tumors caused by MLH1 hypermethylation. Their favorable
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prognosis has been assumed to be induced by the active local immune response with
high rates of tumor infiltrating lymphocytes (TILs).*>* The literature on survival differences
among the MMRd subgroups is limited, but the trend we found towards worse prognosis
of MLH1 hypermethylated compared to non-methylated MMRd endometrial cancer was
also seen in a Canadian study including 144 MMRd endometrioid endometrial cancers.*
In addition, etiology seems to be a predictive factor as shown by a small phase 2 trial,
where a significant improvements in 3-year progression-free survival (30% vs 100%; p =
.017) and overall survival (43% vs 100%; p = .043) were found with pembrolizumab in 18
patients with methylated versus 6 patients with non-methylated recurrent endometrial
cancer, respectively.”® The differences in immunologic features and recurrence-free
survival among MMRd cancers are essential to take into account in future research. Future
clinical trials among MMRd endometrial cancer should be conducted with preplanned
subgroup analysis based on etiology or other prognostic factors, such as features of the
tumor-immunologic landscape. Further refinement of the MMRd subgroup will likely be
of additional value for future treatment recommendations.

A relatively new potential prognostic and predictive factor within the MMRd subgroup
is the presence of mature tertiary lymphoid structures (TLS). TLS can develop in non-
lymphoid tissue with persistent inflammation. An association between non-methylated
MMRd and TLS is presumable, especially in those with Lynch syndrome, since these
patients have a strong immune activation due to continuously emerging premalignant
lesions. Research among the high risk endometrial cancer patients of the PORTEC-3 trial
showed mature TLS in 19% of the cases, and in 23% of the MMRd subgroup. Among
MMRd endometrial cancers with non-methylated etiology or secondary p53-abnormality,
TLS were significantly more common. Mature TLS were found to have significant favorable
prognostic value in MMRd endometrial cancers of the PORTEC-3 trial.** However, the
prognostic value of TLS was not demonstrated within the MMRd endometrial cancer
subgroup of the pan-cancer analysis.*®

Overall, data on TLS in endometrial cancer is limited, their prognostic and predictive value,
and correlation with Lynch syndrome should be further investigated. L1CAM staining is
an accessible and efficient method to identify mature TLS. If the hypothesized correlation
between mature TLS and Lynch is strong enough to predict which non-methylated MMRd
endometrial cancers are at higher risk or not at risk of having Lynch syndrome. L1CAM
staining would be a valuable addition to the tumor screening for Lynch syndrome.
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Universal tumor screening for Lynch syndrome
MMR-immunohistochemistry (IHC) of the four MMR proteins is recommended for the
standard endometrial cancer work-up by the current guidelines.** MMR-IHC is not only
important for its prognostic and predictive value, but also for its role in Lynch syndrome
detection. A two-antibody (PMS2 and MSH6) approach could be considered a reliable
alternative to improve cost-effectiveness.’ Low-threshold additional MSH2- or MLH1-
IHC in case of any doubt or inconclusive staining is still required. The addition of MLH1
methylation analysis to MMR-IHC is an effective tumor-based triage method to identify
patients suspected of Lynch syndrome; patients with tumors presenting a loss of MSH2
and/or MSHE6, isolated loss of PMS2, or loss of MLH1 without MLHT hypermethylation
are suspected of Lynch syndrome. This screening method has been adopted widely for
colorectal cancer. For endometrial cancer, the tumor-based triage is a more effective
strategy to identify Lynch syndrome families than age- and family history-based triage,
since most endometrial cancer patients with Lynch syndrome do not meet clinical Lynch
syndrome criteria. Our data support the recommendation to screen all patients with
endometrial cancer for Lynch syndrome, irrespective of age. Based on the PORTEC-1, 2
and -3 data presented in chapter 4, among patients with suspected Lynch syndrome
younger than 50 years, 50% were eventually diagnosed with Lynch syndrome. Among
patients aged older than 50 years with tumors suspected of Lynch syndrome, about
34% were eventually diagnosed with Lynch syndrome. Nevertheless, the proportion of
MMRd endometrial cancer caused by MLHT hypermethylation increases strongly with
age. The lower prevalence of Lynch syndrome diagnoses with increasing age has been
used as an argument to support an upper age screening limit. However, it is important to
consider that most patients with endometrial cancer are diagnosed at an older age, with
peak incidence between 65 and 80 years. This results in a rather high number of Lynch
syndrome diagnoses in women aged 70 years or older, 17% in our cohort, while these
diagnoses would be missed when an age limit was used.

Despite the fact that women presenting with endometrial cancer as their sentinel Lynch
Syndrome cancer may be older than those presenting with colorectal cancer, these women
might benefit from cancer surveillance since the risk of developing a second LS-associated
cancer is still increased. Another argument supporting the tumor-based triage is the
relatively high frequency of MSH6 germline mutations found in our study. Families with
MSH6 germline mutations are not efficiently identified by current clinical criteria for Lynch
syndrome*® due to the older age of onset of colorectal cancer, incomplete penetrance,
and a higher risk and later age of onset of endometrial cancer.**2 Moreover, screening for
Lynch syndrome in endometrial cancer will have consequences for the patient’s family.
Cascade testing can identify affected relatives who can benefit from cancer surveillance
and risk-reducing treatment. Finally, besides screening for Lynch syndrome, combined
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MMR-IHC with MLHT hypermethylation assay is useful for further refinement of the MMRd
group with prognostic and predictive value, as discussed above.

The next step is to improve the specificity of the tumor-based triage since with the current
approach 2 out of 3 patients are still offered a referral to the clinical geneticist without
eventually being diagnosed as having Lynch syndrome. In addition, uncertainty can
persist for these patients with a non-methylated MMRd tumor without detected germline
mutation, and their follow-up depends on the family history. For these patients, tumor
sequencing can be essential as it can demonstrate a sporadic origin of the tumor. Ideally,
this step should be added to the tumor-based triage for patients with suspected Lynch
syndrome who do not meet clinical criteria for referral to the clinical geneticist.

Currently, no methods are available to distinguish Lynch syndrome associated tumors
from sporadic non-methylated tumors when pathogenic variants are detected by next-
generation sequencing of tumor tissue. Therefore, additional genetic testing of blood
or normal tissue samples is required. A proportion of these patients will have Lynch
syndrome. In some cases no pathogenic variants can be detected, implying an unknown
sporadic cause or a germline mutation that is not detectable by currently used assays.
Nevertheless, many tumors are likely to be explained by double somatic alterations, and
patient are no longer suspected of having Lynch syndrome. Thus, the addition of combined
tumor and normal tissue sequencing to the tumor-based triage can reduce referrals of
patients suspected of having Lynch syndrome by up to 60%, as shown in Figure 2.

Lynch Non-Lynch

w 51-60
(@)]
<

61-70

>70

Potentially no referral needed

Figure 2. Distribution of Lynch syndrome suspected cases based on MMR-IHC and MLH1-hypermethylation
assay. For patients aged 50 to 70 years with negative family history and those aged 70 years or older referral to a
clinical geneticist could be omitted by identification of a somatic cause using sequencing of tumor and normal
tissue.
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7.3 Recurrent and metastatic endometrial cancer

In chapter 5, we discussed the urgent need for new treatment strategies and paradigms
for patients with recurrent and metastatic endometrial cancer. Hormonal treatment is
effective in up to 55% of the patients with advanced or recurrent low grade, ER-positive
endometrial cancer.? % Potential further improvement of disease control rate at 24 weeks
from 38% to 64% was demonstrated by the addition of palbociclib to letrozole in the phase
2 PALEO trial.>> For all other patients with recurrent or metastatic endometrial cancer,
prognosis is poor, and treatment options beyond first-line chemotherapy are scarce.
Immunotherapy is being extensively explored, both as monotherapy and in combination
with other targeted therapies, such as tyrosine kinase inhibitors, angiogenesis inhibitors
and PARP inhibitors.

The first introduction of immunotherapy in clinical practice has been made by the
accelerated US Food and Drug Administration (FDA) and European Medicines Agency
(EMA) approval of pembrolizumab (2017 FDA) and dorstarlimab (2021 FDA and EMA) for
the second-line systemic treatment of MMRd recurrent and metastatic endometrial after
prior treatment with platinum-containing chemotherapy. For these patients, but also for
patients with MMR proficient recurrent or metastatic endometrial cancer, FDA and EMA
approved the combination of pembrolizumab and the antiangiogenic agent lenvatinib,
a multiple receptor tyrosine kinase inhibitor targeting vascular endothelial growth factor
receptors (VEGFRs) and fibroblast growth factor receptors (FGFRs).

Immunotherapy seems to be effective in MMRd advanced endometrial cancers, with
reported objective response rates ranging between 27% and 57% and often durable
responses.’s%° The combination of pembrolizumab with lenvatinib has shown to be
effective in both MMRd advanced endometrial cancer with an objective response rate
of 64% and MMR proficient cases with an overall response rate of 37%. Grade 3 or higher
treatment-related adverse events occurred in 67 to 89% of the patients, with dose
reductions applied in 67%.5" %2 Although highly effective, this treatment combination is
significantly more toxic than immunotherapy alone or other treatment combinations.
Therefore, immunotherapy alone is preferred in MMRd cases. Other treatment
combinations, however, showed less promising (interim) survival results among patients
with advanced or metastatic endometrial cancer, such as the combination of durvalumab
plus olaparib (DOMEC-trial as described in chapter 6), carbozantinib plus nivolumab®,
and talazoparib plus avelumab®. An overview of published studies on immunotherapy
alone or in combination with other target therapies in advanced endometrial cancer is
displayed in Table 1.

General discussion

Future perspectives

Although the reported response rates to immunotherapy are promising, these rates
also implicate inefficacy in many patients (about 50 to 60%) with MMRd endometrial
cancers. Further identification of predictive biomarkers within the MMRd endometrial
cancer subgroup is warranted to optimize treatment recommendations. Causes of tumor
development, such as Lynch syndrome, orimmunological landscape features such as TILs,
TLS, PD-L1 and Indoleamine 2, 3-dioxygenase 1 (IDO1) expression may predict response
to immunotherapy. Especially for tumors not responding to immunotherapy, novel
therapeutic targets and new molecules or strategies are needed.

The DOMEC study (chapter 6) helps to draw lessons for future research, although in
retrospect the all-comer design can be challenged. The design was implemented because
of the expected synergistic efficacy of combined durvalumab-olaparib. However, it is
debatable whether the eligibility criteria should have been limited to the p53abn group.
Molecular based inclusion criteria could have been used effortlessly since the molecular
profile was often already analyzed in the clinical setting of recurrent or metastatic
endometrial cancer. Stratification for homologous recombination deficiency (HRD) would
be more challenging as it would require additional tests that are not yet fully established. As
was already hypothesized beforehand, it was concluded that the treatment combination
could be of special interest for the HRD p53abn advanced endometrial cancer population.
The hypothesis is supported by preliminary results described in chapter 6, indicating
that tumors with a BRCA germline mutation are likely to respond to combined olaparib-
durvalumab.

Combining treatment modalities is not always better than monotherapy. Firstly, combined
treatment generally worsens the toxicity profile and impacts the patient’s quality of life.
Secondly, the anticipated additional or synergistic effect of combination treatment based
on preclinical trials is not always expressed in vivo. In chapter 5, we described the rationale
for a synergistic effect of the combination of combined checkpoint inhibition and PARP
inhibition, including activation of the cGAS/STING pathway and the innate immune
response based on preclinical trials. However, efficacy could not be confirmed in chapter
6 and other clinical trials.%® Therefore, the hypothesis of a synergistic effect might be
obsolete. By contrast, a recently published study generated the hypothesis that olaparib
might reduce the effect of immunotherapy by an olaparib-mediated STAT3-activation
suppressing antitumor immune response.t”- ¢ STAT3-activation may also promote
resistance to PARP inhibition. If this hypothesis can be confirmed in future studies, the
STAT3 pathway might be a target of interest in combination with PARP inhibition.
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Table 1. Published prospective trials investigating immunotherapy in advanced or recurrent endometrial cancer
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No. of L High TRAE
Trial Enrollment Treatment ° .o Prior chemotherapy lines ow 9 Serous CS mPFS ORR mOS TRAE 2G3
patients EEC EEC any
Antill et al 20172018 Durvalumab 35 MMRd 0: 58%; 1: 39%; >2: 3% 72% 22% 0% 0% 8.3 47% NR o3 \R
- urvaluma (]
(PHAEDRA)* 36 MMRp 0: 8%; 1: 63%; =2: 29% 26% 31% 31% 0% 1.8 3% 11.5
Oaknin et al 0162015 D b 103MMRd  1:63%; 2: 26%; =3: 11% 68% 4% 4% 0% 8.1% 45% NR* 64% 14%
16-201 ostarlima
(GARNET)*"28 142 MMRp  1:46%; 2: 44%; 23: 11% 23% 5% 38% 1% NR 13% NR 72% 19%
31 1:29%; 2: 29%; =3: 42% 65% 10% 7% NR NR NR 71% 199%%**
Konstantinopoulos et al®® 2016-2018 Avelumab 15 MMRd 1:40%; 2: 20%; =3: 40% 93% 0% 0% 4.4 27% NR - -
16 MMRp 1: 19%; 2: 37%; >3:44% 38% 19% 13% 1.9 6% 6.6 - -
O'Malley et al
(KEY‘Lg: 128)60 20162020  Pembrolizumab 79 MSI-H 1: 48%; 2: 24%; >3: 28% NR NR NR NR 13.1 48% NR 76% 12%
Ottetal 24 PDL1+;
(KEYeNgTE—OZS)“ 2014-2016  Pembrolizumab 18/10 Mss 0 8% 1:29%; 2: 21%; 23:41% 71% 8% 4% 18 13% NR 54% 16%
50 0: 16%; 1: 69%; 2: 26%; 3: 5% 20% 12% 36% 12% 33 16% 8.4 88% 16%**
DOMEC Durvalumab +
Chapter ) 2019-2020 olg;v:ritma 10MMRd  0:30%; 1: 60%; 2: 10% 60%  30% 10% 0% 54 20% 7.5 - -
40 MMRp 0: 14%; 1: 58%; 2: 23%; 3: 5% 8% 8% 46% 18% 3.0 15% 10.5 - -
108 1:53%; 2: 37%; =3: 10% 29% 22% 32% 0% 7.4 40% 16.7 97% 67%
Makker et al L tinib +
(K:YNQ(;TeEj 26y 20152018 SO TIMMRD1:64%2:279%;23: 9% 55%  18% 0% 0% 18.8 64% NR - -
94 MMRp 1:519%; 2: 38%; =3:11% 27% 22% 35% 0% 7.4 37% 16.4 - -
Cabozantinib +
36 (2 MMRd
Nivolumab vs v 1(8 ) 230 55% NR NR NR NR 53vs1.9  25%vs17% NR NR NR
Lheureux et al¢? 2018-2019  Nivolumab Mono
Cabozantinib +
N?vo(ilzjirr:alk?l NR NR NR NR 100%  NR 11% NR NR NR
2016-2020  Tal ib +
Konstantinopoulos et al®* A?/Zﬁjor’;:ll: 35 MSS NR NR NR NR NR 37 9% NR NR NR
Lenvatinib + 411vs416  1:76-79%; 2: 20-24% 13-14% 22-23% 25-28% 0% 72vs38  32%vs15% 183vs11.4 100% 89% vs 73%
Makk I 2018-2020
t 18-
axkereta pembrolizumab
(KEYNOTE-775)5! 346 vs 351
vs TPC MMRp NR NR NR NR NR 6.6vs3.8  30%vs15% 17.4vs12.0 - -

CS = carcinosarcoma; EEC = endometroid endometrial cancer; G3 = grade 3; High = high grade; Low = low grade;
MMRd = mismatch repair deficient; MMRp = mismatch repair proficient; mOS = median overall survival; mPFS
= median progression free survival; MSI-H = microsatellite instability-high; MSS = microsatellite stable; NR = not
reported; ORR = objective response rate; PLD1+ = programmed death ligand-1 positive; TPC = physician’s choice
of doxorubicin or paclitaxel chemotherapy; TRAE = treatment related adverse events.

*JAMA (2020) publication, older data®®

**No Grade 4 or 5 TRAEs
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The answer to the question what interaction olaparib and durvalumab have in endometrial
cancer in vivo is likely to be retrieved from the comparison of the immunotherapy arms
of the 3-arm DUO-E and RUBY trials which included patients with recurrent or primary
advanced endometrial cancer regardless of molecular group, with randomized allocation
to chemotherapy with or without immunotherapy with or without PARP inhibition.
Both studies have completed accrual, and results are awaited. Multiple phase 2 trials are
currently planned or ongoing to investigate the efficacy of PARP inhibition in a serous
or all-comer population (NCT03745950, NCT03617679, NCT04080284, NCT04716686).
Subgroup analyses of the HRD tumors would be recommended to propose future trial
designs. Molecularly driven trials, preferably with a basket or umbrella design, may
identify new treatment strategies.

Uterine carcinosarcomas

Uterine carcinosarcomas are a rare gynecological malignancy, representing approximately
5% of all endometrial cancers. However, they account for 16% of all uterine cancer-related
deaths.®® Uterine carcinosarcomas can be defined as a biphasic tumor, characterized
by both carcinomatous (epithelial) and sarcomatous (stromal tissue) elements, with
aggressive clinical behavior. Molecular studies support that both elements originate from
a carcinoma lineage that undergoes sarcomatous dedifferentiation. Therefore, uterine
carcinosarcomas can be considered ‘high risk histology’ of endometrial cancer according
to the WHO classification.

Historically, patients with uterine carcinosarcomas were excluded from endometrial
cancer trials, but current insight into the molecular background supports including these
patients, as was done in the DOMEC trial. The vast majority of uterine carcinosarcomas
are p53abn.”® MMRd has been reported in 6% to 30%, and it has been found to be a
favorable prognostic factor.”®”2 TP53 and MMR alterations are considered early events in
carcinosarcoma development since they are majorly found in both tumor components.”'”
Whereas uterine carcinosarcomas normally have an extremely poor prognosis, 1 out of
8 patients with a p53abn carcinosarcoma included in the DOMEC trial had a long and
durable response of more than 2 years, whereas she had had a short duration of disease
control after primary treatment with surgery and chemotherapy. This exceptional response
indicates that selected patients could benefit from combined olaparib-durvalumab or as
monotherapy. Factors to identify these patients, such as HRD related mutations, should be
investigated in future research.

General discussion

7.4 Conclusions

This thesis showed that adjuvant chemoradiotherapy can have a long-term impact on
health-related quality of life of patients with high risk endometrial cancer. It is essential
to incorporate the risk of long-lasting symptoms in treatment information to support
and facilitate shared decision making. The individual patient’s values and experiences
should be explored to support a well-considered treatment decision. The importance
of the molecular classification of endometrial cancer extends beyond its prognostic
value and is known to have predictive value as well, and can be another cornerstone for
treatment decisions in the adjuvant and metastatic setting. Therefore, incorporation of
the molecular classification is essential in upcoming trials. For the MMRd, p53abn and
NSMP subgroups, further refinement of the molecular classes is warranted to optimize
individualized treatment. Combined MMR-IHC with MLHT hypermethylation assay-based
triage can effectively identify the subset of patients with suspected Lynch syndrome, and
is recommended for all patients diagnosed with endometrial cancer without age limit.
The cause of MMRd could further refine the prognostification of the MMRd subgroup;
their etiology is associated with the tumor’s immunologic landscape and is likely to
be predictive of immunotherapy response. Immunotherapy and targeted therapies
are emerging, both in the adjuvant setting of high risk endometrial cancer and in the
metastatic and recurrent setting. The combination of durvalumab and olaparib did not
show sufficient efficacy in the all-comer metastatic endometrial cancer population of
the DOMEC trial. However, this combination may be a treatment modality of interest for
p53abn metastatic endometrial cancer with HRD. Future research into target therapy
for recurrent and metastatic endometrial cancer is recommended to find new tolerable
treatment options for these patients with an unfavorable prognosis.
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NEDERLANDSE SAMENVATTING

Introductie

Endometriumcarcinoom (baarmoederkanker) is de meest voorkomende gynaecologische
kanker in ontwikkelde landen. Endometriumcarcinoom komt het meest voor bij vrouwen
van 60 tot 85 jaar. Vooral door vergrijzing en toename van obesitas is de incidentie de
afgelopen decennia gestegen. De meerderheid van de vrouwen presenteert zich in
een vroeg stadium, met het optreden van postmenopauzaal bloedverlies. Vanwege de
vroege detectie is de prognose doorgaans goed. De standaard operatie bij vroeg stadium
endometriumcarcinoom bestaat uithet operatief verwijderen van de baarmoeder, eileiders
en eierstokken, meestal laparoscopisch (‘kijkoperatie’). De adjuvante (aanvullende)
behandeling hangt af van het risico op recidief.

Op basis van verschillende tumorkenmerken kan het recidief risico worden ingeschat;
de belangrijke tumorkenmerken hiervoor zijn het stadium van ziekte, histologisch type,
differentiatiegraad, diepte van ingroei in het myometrium, lymfangio-invasieve groei
en de meer recent ontdekte specifieke moleculaire veranderingen. Er is de afgelopen
decennia veel kennis vergaard over deze laatstgenoemde moleculaire veranderingen
die leiden tot het ontstaan van verschillende typen endometriumcarcinoom. De basis

werd gelegd door het moleculair-genetische onderzoek van ‘The Cancer Genome Atlas’

(TCGA) in 2013. Er werden vier moleculaire subgroepen van endometriumcarcinoom
onderscheiden: (1) de groep gedreven door polymerase-epsilon (POLE)-mutatie met een
goede prognose; (2) ‘mismatch repair’-deficiénte groep (MMRd) veroorzaakt door een
verandering in een van de mismatch repair-genen met een intermediaire prognose; (3)
een ‘copy number low’-groep zonder specifieke moleculaire kenmerken (NSMP) met een
intermediaire prognose; en (4) de ‘copy number high’ of ‘p53 abnormal’ (p53abn) groep
gedreven door een TP53-mutatie met een relatief slechte prognose.

Ongeveer 15 tot 20% van de vrouwen heeft een endometriumcarcinoom met hoog risico
kenmerken. Dit betreft slecht gedifferentieerde tumoren in een vroeg stadium, tumoren
met niet-endometrioide histologie en tumoren met meer gevorderd ziektestadium.
Binnen deze groep met hoog risico kenmerken is het moleculaire classificeren bijzonder
relevant. Niet alleen voor het voorspellen van de recidiefkans, maar ook voor het
individualiseren van de behandeling.

In de internationale PORTEC-3 studie werd voor 660 vrouwen met hoog risico
endometriumcarcinoom de standaard adjuvante radiotherapie vergeleken met
adjuvante radiotherapie gecombineerd met chemotherapie tijdens en na de

radiotherapie (chemoradiotherapie). Er werd een 5-jaars overlevingsvoordeel van 5%
(76% versus 81%) en een verbetering van de 5-jaars recidief vrije overleving van 7%
(69% versus 76%) gevonden met de gecombineerde chemoradiotherapie. De grootste
overlevingswinst (van meer dan 10%) werd gevonden bij vrouwen met sereuze tumoren
en bij stadium 3 ziekte. In het kader van de moleculaire classificatie toonde onderzoek
op weefselmateriaal van deelnemers aan de PORTEC-3 studie dat vrouwen met p53abn
endometriumcarcinoom een significant en klinisch relevant voordeel hadden van
chemoradiotherapie, en leken patiénten met NSMP endometriumcarcinoom ook baat te
hebben bij chemoradiotherapie. Voor MMRd endometriumcarcinomen werd echter geen
voordeel gevonden van chemotherapie, en patiénten met een POLE-mutatie (POLEmut)
hadden een uitstekende prognose, waarbij er geen verschil was tussen de twee adjuvante
behandelingen.

Naast de voordelen van verbetering van de (recidief vrije en algehele) overleving zijn
er ook negatieve effecten van adjuvante behandeling voor vrouwen met hoog risico
endometriumcarcinoom, die hierna beschreven zullen worden.

Kwaliteit van leven en behandelkeuze

Voor elke individuele patiénte moet het mogelijke voordeel van de adjuvante behandeling
worden afgewogen tegen de “kosten” in de zin van een langere behandelingsduur,
toename van kans op nadelige effecten en de mogelijk negatieve invloed op de kwaliteit
van leven op zowel de korte als lange termijn. Bijwerkingen zijn het meest frequent en
ernstig tijdens de behandeling, maar sommige klachten kunnen blijvend zijn, en deze
aanhoudende bijwerkingen mogen niet worden onderschat. Uitwendige radiotherapie
van het bekken kan bijvoorbeeld gepaard gaan met bijwerkingen van de darmen en blaas.
Ook op lange termijn kunnen sommige bijwerkingen aanhouden, zoals meer frequente
aandrang voor ontlasting of lichte urine-incontinentie.

Het toevoegen van chemotherapie aan de uitwendige bestraling in de adjuvante
behandeling van vrouwen met hoog risico endometriumcarcinoom blijkt een aanzienlijke
invioed te hebben op het bijwerkingsprofiel. In hoofdstuk 2 worden de kwaliteit van
leven en toxiciteit in de PORTEC-3 studie tot 5 jaar na behandeling beschreven. Tijdens en
kort na chemoradiotherapie traden er frequenter en meer ernstige bijwerkingen op dan
bij radiotherapie alleen, met invloed op het lichamelijk en rol-gebonden functioneren van
de patiént. De meeste bijwerkingen verdwenen binnen het eerste jaar na behandeling.
De belangrijkste aanhoudende bijwerking was sensorische perifere neuropathie. Dit
werd door artsen bij 6% van de patiénten die behandeld waren met gecombineerde
chemoradiotherapie gescoord als graad 2 bijwerking (invloed hebbend op dagelijkse
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bezigheden), in vergelijking tot 0% na alleen radiotherapie. Sensorische neuropathie
uit zich met name in tintelingen of gevoelloosheid in handen en/of voeten; 24% van
de patiénten gaf in de kwaliteit van leven vragenlijst aan hier “nogal” of “heel erg” last
van te hebben 5 jaar na behandeling met adjuvante chemoradiotherapie, vergeleken
met 9% van de patiénten die alleen met adjuvante radiotherapie waren behandeld. In
de eerste 3 jaar na chemoradiotherapie werd ook vaker een negatieve invloed op het
fysieke en rol-gebonden functioneren gerapporteerd, en/of gevoel van zwakte in armen
of benen; na 5 jaar waren de scores verbeterd en vergelijkbaar met die van de groep met
alleen radiotherapie. De 5-jaars algemene gezondheid/kwaliteit van leven scores waren
vergelijkbaar in beide onderzoeksgroepen.

De resultaten beschreven in hoofdstuk 3 geven meer inzicht in hoe het
overlevingsvoordeel en de bijwerkingen van chemoradiotherapie ten opzichte van
radiotherapie alleen tegen elkaar opwegen vanuit het perspectief van patiénten
behandeld voor hoog risico endometriumcarcinoom, en van hun behandelend artsen.
Tevens werd onderzocht welke factoren de behandelkeuze beinvioeden. Om adjuvante
chemoradiotherapie te verkiezen boven radiotherapie hadden patiénten een hoger
overlevingsvoordeel nodig dan artsen (mediaan 10% versus 5% overlevingsvoordeel).
Echter, de variatie binnen de twee groepen was groot. Oudere patiénten en patiénten met
comorbiditeit hadden een lagere voorkeur voor chemoradiotherapie, terwijl patiénten
met betere rekenvaardigheden of een voorgeschiedenis met chemoradiotherapie een
hogere voorkeur hadden voor chemoradiotherapie. Zowel patiénten als artsen vonden
het overlevingsvoordeel het zwaarst wegen bij de besluitvorming. Dit werd gevolgd door
de (blijvende) bijwerkingen op langere termijn.

MMRd en Lynch syndroom

Immunohistochemische kleuring van de MMR eiwitten kan, naast de bijdrage aan de
moleculaire classificatie door de identificatie van MMRd tumoren, ook worden gebruikt
als screeningmethode voor identificatie van patiénten die mogelijk het Lynch syndroom
hebben. Lynch syndroom is een erfelijke aandoening met een afwijking in een van de
MMR genen, waarbij er een verhoogde kans is op het ontwikkelen van darmkanker,
endometriumcarcinoom en sommige andere kankersoorten. De meeste gevallen van
MMRd-gerelateerd endometriumcarcinoom worden veroorzaakt door niet-erfelijke
hypermethylering van de promoter van het MLH1-gen waardoor het gen zijn functie niet
meer kan uitvoeren; slechts een klein deel wordt veroorzaakt door het Lynch syndroom.
Het vaststellen van Lynch syndroom is van belang voor verdere behandelkeuzes en
screening op (darm)kanker, zowel voor de patiénte zelf als voor haar familie.

In de studie beschreven in hoofdstuk 4 wordt de oorzaak van MMRd-
endometriumcarcinoom onderzocht in een groot, gecombineerd cohort van de
PORTEC-1, -2 en -3 studies met in totaal 1336 patiénten met endometriumcarcinomen,
waarvan 410 een MMRd tumor hadden. De meerderheid (72%) van deze MMRd-
endometriumcarcinomen werd veroorzaakt door hypermethylering van de MLHI-
promoter. Lynch syndroom werd vastgesteld in 9.5% van de MMRd tumoren,
corresponderend met 3% van alle vrouwen met endometriumcarcinoom. Van de
resterende 18.5% MMRd tumoren konden de meesten worden verklaard door een andere
sporadische (niet erfelijke) oorsprong, door meerdere veranderingen in de tumor.

Alhoewel patiénten met endometriumcarcinoom veroorzaakt door Lynch syndroom
over het algemeen jonger waren, was meer dan de helft ouder dan 60 jaar. Patiénten
met endometriumcarcinoom veroorzaakt door het Lynch syndroom bleken doorgaans
een betere ziektevrije overleving te hebben dan patiénten met endometriumcarcinoom
veroorzaakt door MLH1-hypermethylatie (92% versus 79% bij 5 jaar), maar ook een hoger
risico op het ontwikkelen van een tweede primaire maligniteit (12% versus 2% bij 10 jaar).

Gemetastaseerd of gerecidiveerd endometriumcarcinoom

De prognose voor gemetastaseerd of gerecidiveerd endometriumcarcinoom is
slecht. Voor vrouwen met afstandsmetastasen van een endometriumcarcinoom
bedraagt de 5-jaarsoverleving 10-20%. De eerstelijns systemische therapie bestaat
uit platinum-bevattende chemotherapie of hormonale therapie. Er is geen standaard
vervolgbehandeling. Moleculaire tumoreigenschappen zouden een aangrijpingspunt
kunnen zijn voor een meer op de individuele tumor aangepaste behandeling.
Zo heeft immuuntherapie goede effecten laten zien bij vrouwen met MMRd
endometriumcarcinoom en kan dit al worden gebruikt voor de tweedelijns behandeling
van MMRd gemetastaseerd of gerecidiveerd endometriumcarcinoom. Een andere meer
specifieke doelgerichte behandeling is poly-(ADP-ribose) polymerase (PARP)-remming.
PARP-remmers blokkeren een eiwit dat kankercellen gebruiken om DNA te herstellen.
Uit preklinisch onderzoek is gebleken dat de combinatie van immuuntherapie en
PARP-remming een versterkend effect kan hebben. In hoofdstuk 5 wordt ingegaan
op de moleculaire basis van deze middelen in de behandeling van gevorderd
endometriumcarcinoom en wordt een overzicht gegeven van gepubliceerd, lopend en
gepland klinisch onderzoek met deze middelen als mono- of combinatietherapie.

In hoofdstuk 6 wordt de meer doelgerichte benadering in een klinische setting
onderzocht en worden de resultaten van de DOMEC (‘Durvalumab and Olaparib in
Metastatic/recurrent Endometrial Cancer’)-studie beschreven. De DOMEC-studie was
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een Nederlands, prospectief, multicenter, fase 2 onderzoek naar de werkzaamheid van
immuuntherapie door middel van de PD-L1-remmer durvalumab (elke vier weken 1.500 mg
intraveneus) in combinatie met de PARP-remmer olaparib (tweemaal daags 300 mg tablet)
bij 55 patiénten met gemetastaseerd of gerecidiveerd endometriumcarcinoom. Deze
combinatiebehandeling werd goed verdragen, maar met een progressie vrije overleving
na 6 maanden van 34% was de behandeling onvoldoende effectief om aan te bevelen
voor een fase 3-studie in een vergelijkbare patiéntpopulatie. Desalniettemin vertoonden
sommige patiénten een langdurige respons en werden zij op de sluitingsdatum van de
studie na 2 jaar nog steeds behandeld. Er lijken dus patiénten te zijn die mogelijk wel
baat hebben bij deze combinatiebehandeling, maar op dit moment is nog onvoldoende
duidelijk welke biomarkers een goede respons op deze combinatie behandeling zouden
kunnen voorspellen.

Discussie

In de discussie in hoofdstuk 7 worden de belangrijkste bevindingen in het perspectief
van bestaande literatuur geplaatst en worden implicaties voor de klinische praktijk en
toekomstperspectief besproken. In dit proefschrift werd aangetoond dat adjuvante
chemoradiotherapie op lange termijn nadelige gevolgen kan hebben voor patiénten met
hoog risico endometriumcarcinoom, met name door perifere sensorische neuropathie.
Het is essentieel om deze bevinding te bespreken in de afweging van voor- en nadelen
van aanvullende chemotherapie. De waarden en ervaringen van de individuele patiénte
zijn van belang om gezamenlijk tot een weloverwogen behandelbeslissing te komen.

Het belang van de moleculaire classificatie van endometriumcarcinoom reikt verder dan
de prognostische waarde en kan tevens een basis zijn voor de beslissing over de beste
behandeling, zowel in de adjuvante als gemetastaseerde setting. De integratie van de
moleculaire classificatie in de dagelijkse praktijk en in toekomstige onderzoeken is
daarom essentieel. Specifieke behandeling voor elke moleculaire groep is de basis voor
het RAINBO umbrella programma, dat bestaat uit in totaal vier klinische onderzoeken
met een gerichte onderzoeksvraag voor elke moleculaire subgroep. Het ultieme doel van
toekomstig onderzoek is om voor elke patiénte een optimale balans te vinden tussen de
effectiviteit van de behandeling en de bijkomende symptomen met de daarbij horende
invloed op kwaliteit van leven. Voor de subgroepen MMRd, p53abn en NSMP is verdere
verfijning van de moleculaire subgroepen gewenst om de behandeling in de toekomst
nog verder te kunnen individualiseren.

Gecombineerde MMR-immunohistochemische kleuring en MLHI-hypermethylatie
analyse kan effectief patiénten met vermoedelijk Lynch syndroom identificeren. Op basis
van ons onderzoek wordt deze screening aanbevolen voor alle patiénten met de diagnose
endometriumcarcinoom, ongeacht hun leeftijd. De moleculaire basis van MMRd heeft
een prognostisch voorspellende waarde binnen de MMRd-subgroep en heeft daarnaast
mogelijk voorspellende waarde voor de respons op immuuntherapie.

Immuuntherapie en gerichte therapieén zijn in opkomst, zowel in de adjuvante setting van
hoog risico endometriumcarcinoom als in de gemetastaseerde setting. De combinatie van
durvalumab en olaparib toonde onvoldoende werkzaamheid in de niet op moleculaire
factoren geselecteerde groep patiénten met gemetastaseerd endometriumcarcinoom
in de DOMEC-trial. Desalniettemin kan deze combinatie een interessante behandeling
zijn voor vrouwen met p53abn endometriumcarcinoom met homologe recombinatie
deficiéntie in de adjuvante of gemetastaseerde setting. Toekomstig onderzoek naar
doelgerichte therapieén voor vrouwen met gemetastaseerd endometriumcarcinoom is
noodzakelijk om nieuwe aanvaardbare behandelingsmogelijkheden te vinden voor deze
patiénten met een ongunstige prognose.
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