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Abstract: (1) Background: In intermediate–high- and high-risk endometrial cancer (EC), radiotherapy
(RT) and chemotherapy (CT) play a basic role. However, there is controversy regarding the optimal
timing of their combination. The “sandwich” schedule involves adjuvant CT followed by RT and
subsequent CT. The aim of this study is to assess the tolerability and efficacy of the “sandwich”
schedule. (2) Methods: A retrospective study was conducted in two gynecological oncology units
in Torino, Italy, from 1 January 2003 until 31 December 2021. Intermediate–high- and high-risk
patients with available clinical data were included. Compliance with treatment, CT and RT toxicities,
disease-free survival (DFS), cancer-specific survival (CSS) and overall survival (OS) were analyzed.
(3) Results: A total of 118 patients were selected: 27.1% FIGO I-II stages and 72.9% III-IV. Most of
the patients (75.4%) received a carboplatin–paclitaxel combination, and as much as 94.9% of CT
cycles were completed. Chemotherapy-related G3-4 toxicities were detected in 5.3% of the patients,
almost half of which were hematological. Grade 2 gastrointestinal and genitourinary toxicities were
reported in 8.4% and 4.2% of cases, respectively. With a median follow-up of 46 months, DFS was
77.6%, CSS was 70% and 5-year OS was 54%. (4) Conclusions: The “sandwich” schedule for CT and
RT combination is an effective adjuvant treatment with low toxicity both in intermediate–high- and
high-risk EC.
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1. Introduction

Endometrial cancer (EC) is the fourth most common cause of cancer in women, with
10,013 new cases reported in Italy and 417,367 new cases reported worldwide in 2020 [1].
Most EC patients are diagnosed in an early stage (80% stage I), with a 5-year survival of
more than 95%, which decreases if regional spread or distant metastases are detected (68%
and 17%, respectively) [2–4].

The management of EC depends on several prognostic factors, especially FIGO stage,
histological type, grading, myometrial invasion, lymphovascular invasion (LVSI) and
lymph node metastasis [2–4]. The definition of prognostic categories has been updated
from the 2015 ESMO-ESGO-ESTRO consensus conference to the 2020 ESGO/ESTRO/ESP
guidelines including molecular classification [3,5]. Based on prognostic factors, the risk
is summarized as low, intermediate, intermediate–high, high, advanced or metastatic
according to the new guidelines for the management of EC [3,5].

The pivotal treatment for EC is surgery with cytoreductive intent, with mini-invasive
procedures representing the best option, although in intermediate–high- and high-risk
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EC, radiotherapy (RT) and chemotherapy (CT) play a basic role [5]. Recent analyses
demonstrate significant improvement in overall survival (OS) and disease-free survival
(DFS) in association with CT and RT versus RT alone, especially in stage III disease [6,7].

The optimal timing of CT and RT is controversial. Few studies have compared the
“sandwich” schedule, characterized by the alternation of CT–RT–CT, with the “sequential”
schedule [6,8–20]. In a multi-institutional analysis published in 2019, Onal et al. reported a
significantly long 5-year OS in patients treated with the “sandwich” schedule versus those
treated with the “sequential” schedule (74% vs. 56%; p = 0.03) [20].

A challenge in adjuvant treatment is toxicity. Each type of adjuvant treatment has
specific toxicities and, owing to potential serious side effects of drugs and radiation, it is
difficult to design an improved schedule including both CT and RT. The administration
of CT before RT can cause toxicity, blocking the subsequent administration of RT [16].
In contrast, performing RT before CT may lead to progression outside the radiation fields.
Therefore, the “sandwich” schedule can be considered as a possible alternative [16,17,21–23].

The aim of this study is to assess tolerability and efficacy of the “sandwich” schedule
for the adjuvant treatment of EC.

2. Materials and Methods

A retrospective study was conducted in two gynecological oncology units (Mauriziano
and Sant’Anna Hospitals) in Torino, Italy. Patients with intermediate–high- and high risk
EC with available clinical data and adequate follow-up were selected from 1 January 2003
to 31 December 2021.

The following clinical data were collected from the computerized archives of the two
divisions: age, type of surgery, histological type, grading, myometrial invasion, lympho-
vascular space invasion (LVSI), staging according to FIGO 2009 and type of adjuvant
treatments, focusing on their toxicities.

CTACAE v. 4.0 was used to report the CT toxicity and the RTOG classification for the
RT toxicity.

Stage was classified according the FIGO 2009 staging, and patients staged according
the FIGO 1988 criteria were reclassified to guarantee data uniformity.

Compliance with treatment, CT and RT toxicities, disease-free survival (DFS) and
overall survival (OS) were analyzed. Cox’s multivariate logistic regression was carried
out to evaluate associations with OS and DFS. The results are expressed as a hazard ratio
(HR) with a 95% confidence interval (95% CI); statistical significance was set at a p value of
less than 0.05. Survival was assessed by Kaplan–Meier curves. The difference between the
survival curves was assessed by log-rank test.

This study was approved by the Institutional Review Board and Ethics Committee
A.O.U. Città della Salute e della Scienza di Torino/A.O. Ordine Mauriziano/ASL Città
di Torino (protocol code 80/2022, 7 March 2022) and conducted in accordance with the
principles of the Declaration of Helsinki. All patients signed informed consent to receive
adjuvant treatment and have their clinical data included in the hospital databases for
research analyses.

3. Results
3.1. Population

A total of 118 patients were identified. Patient characteristics are reported in Table 1.
The median age of patients was 65 years. All patients included in the study un-

derwent hysterectomy and a bilateral salpingo-oophorectomy. In many of the female
(75 patients, 63.5%) lymphadenectomy was performed; 42 patients (35.6%) underwent
pelvic lymphadenectomy, 21 (17.8%) underwent pelvic and lomboaortic lymphadenec-
tomy and 8 (6.8%) underwent lymph node sampling, whereas more recently, 4 patients
(3.3%) underwent sentinel node biopsy. A total of 19 patients (16.1%) underwent staging
omentectomy. Peritoneal washing was performed in 87.2% of cases.
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Table 1. Population.

Characteristic Number
(118 Patients)

Percentage
(Range)

Age (median) 65 (36–83)
FIGO stage

IA 5 4.2%
IB 14 11.9%
II 13 11.0%
IIIA 26 22.0%
IIIB 7 5.9%
IIIC1 35 29.7%
IIIC2 8 6.8%
IVA 3 2.5%
IVB 7 5.9%

FIGO I-II 32 27.1%
FIGO III-IV 86 72.9%
Histotype

Endometrioid 66 55.9%
Non-endometrioid 52 44.1%

Grade
1 4 2.5%
2 34 28.8%
3 81 66.6%

Myometrial invasion
<50% 21 17.8%
>50% 97 82.2%

LVSI
Present 85 72.0%
Absent 15 12.7%

Not known 18 15.3%

The predominant histology was endometrioid (55.9%), and non-endometrioid histol-
ogy was detected in 44.1% of cases (15.3%, serous papillary; 8.5%, clear cell; 8.5%, Mullerian
histotype or carcinosarcoma; 5.1%, undifferentiated; 3.4%, mixed). Grading was 3 in 66.6%
of cases.

FIGO III-IV stages accounted for 72,9 % of cases; the most represented were IIIC1 with
35 cases (29.7%), and IIIA, with 26 cases (22%).

3.2. Adjuvant Treatments and Toxicities
3.2.1. Chemotherapy

Almost all patients (98.3%) received platinum-based therapy (carboplatin or cisplatin).
A proportion of 75.4% of patients (n = 89) received a carboplatin–paclitaxel combination,
22% (n = 26) received platinum plus anthracyclines (doxorubicin or epirubicin) and only
2.5% (n = 3) received other schedules (cisplatin as a single drug, epirubicin + cyclophos-
phamide, epirubicin + paclitaxel).

A proportion of 94.9% of prescribed cycles was completed. A dose reduction was
necessary in three (2.5%) of the patients. The “sandwich” schedule mostly consisted of
three cycles of platinum-based CT followed by external and/or brachy RT and then three
more cycles of the same CT.

Chemotherapy-related severe (G3-4) toxicities were detected in 5.3% of patients, almost
half of which were hematological. Grade 2 gastrointestinal and genitourinary toxicities
were reported in 8.4% and 4.2% of cases, respectively (Table 2).
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Table 2. Chemotherapy-related toxicities.

Chemotherapy-Related Toxicity Number
(118 Patients)

Percentage
(Range)

Neurologic
G1 5 4.2%
G2 3 2.5%
G3 0 0
G3 hematological toxicity
Platelets 0 0
Neutrophiles 5 4.2%
Haemoglobin 2 1.7%
G4 hematological toxicity
Platelets 0 0
Neutrophiles 2 1.6%
Haemoglobin 1 0.8%
Thrombosis 3 2.5%
Allergic reaction to paclitaxel 6 5.0%

3.2.2. Radiotherapy

Radiation therapy was not performed in three patients, in two cases because of disease
progression during the first cycles of chemotherapy and in the third case as a result of
thrombotic complication.

Treatment was administered according to the BOX technique in 64.4% of patients
(n = 76), according to the VMAT technique in 31.3% if patients (n = 37) and according to
the IMRT or tomotherapy technique in 2% of patients. The median dose delivered was
50.4 Gy (36–50.4 Gy). The median number of fractions was 28 (12–28). Brachytherapy was
completed in 75 patients (63.5%). The median dose delivered was 10 Gy (5–20 Gy) in two
fractions (1–4 fr).

Radiotherapy-related toxicities are reported in Table 3. Grade 1 gastrointestinal
(GI) adverse events (i.e., mild nausea, an episode of vomiting within 24 h and slight in-
creases in the frequency of daily evacuations) occurred in 23.7% of patients; 8.4% reported
grade 2 GI toxicity (i.e., significant nausea, two to five vomiting episodes in 24 h, a signif-
icant increase in the number of day and night evacuations or constipation, the presence
of ulcers and proctitis), and no patient referred grade 3 or grade 4 GI toxicity. Genitouri-
nary (GU) toxicity was grade 1 in 16.1% of patients (microhematuria, mild proteinuria or
sporadic dysuria) and grade 2 in 4.2% (macrohematuria without clot presence, medium-
severity proteinuria or dysuria), and no patient experienced grade 3 or grade 4 GU toxicities.
Most of the women included in this study did not develop any toxicities.

3.3. Recurrences

Recurrences occurred in 21.1% of patients (n = 25).
Local recurrences occurred in 7.6% of patients (n = 9), mainly located in the peritoneum.

Median disease-free interval was 18 months.
Distant relapses occurred in 13.5% (n = 16) of patients and involved lymph nodes in

10.2% (n = 10); liver in 5.1% (n = 5); lungs in 4, 1% (n = 4); and pleura, brain and spine in
fewer cases. The median time from the end of treatment until the onset of recurrence was
10.9 months.

Only two patients developed both local and distant relapses.
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Table 3. Radiotherapy-related toxicities.

Radiotherapy-Related
Toxicities

Number
(118 Patients)

Percentage
(Range)

Genitourinary
G1 19 16.1%
G2 5 4.2%
G3 0 0
G4 0 0
Gastrointestinal
G1 28 23.7%
G2 9 7.6%
G3 0 0
G4 0 0

3.4. Prognostic Factors for OS and DFS

Median follow-up (FU) time was 46 months.
At the end of the FU period, 51 patients (43.2%) were alive without disease, 10 patients

(8.5%) were alive with disease, 40 patients (33.9%) died as a result of the disease (DOD—
deceased of disease), 16 patients (13,6%) died from other causes (DOC—deceased for other
causes) and one was lost to FU. DFS was 77.6%, CSS was 70% and 5-year OS 54%.

According to multivariate analysis of prognostic factors for OS, FIGO stage and LVSI
were statistically significant. Actuarial OS was 60.5% for stages III-IV and 81.3% for stages I-II
(p value, 0.002; OR, 2.8 (1.1–6.8)), whereas according to LVSI, OS was 78.8% if LVSI was absent
and 61.2% at 5-year follow-up if LVSI was present (p value, 0.002; OR, 4.1 (1.6–10.4)) (Figure 1).
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According to multivariate analysis of prognostic factors for DFS, only FIGO stage was
found to be statistically significant (p value, 0.06). DFS was 57% for stages III-IV at 5-year
follow-up and 90% for stages I-II (p value, 0.009).

4. Discussion

EC with unfavorable prognostic factors requires adjuvant treatment after surgery [3,5].
The combination of CT and RT seems to be the best approach for both local and remote
disease control, but the optimal schedule combining CT and RT is controversial. Despite
the recent publication of large, randomized trials (GOG 249, PORTEC3 and GOG 258) there
is not yet a consensus on the optimal schedule and approach to treat intermediate–high-
and high-risk EC, and the optimal timing of administration of adjuvant therapies and the
number of CT cycles to be performed remain the subject of debate [24,25].

The “sandwich” schedule, which includes CT followed by RT and further CT, appears
to be effective for the control of local and distant recurrences, combining the therapeutic
effects of both methods.
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There are few studies in the literature concerning the administration schedule of ad-
juvant treatments for EC, most of which report results with respect to advanced stages,
excluding intermediate–high- and high-risk EC [16,17,21–23]. In contrast, our study in-
cludes both initial stages (27.6% FIGO I–II stages) and advanced stages (72.4% FIGO III-IV
stages) at high risk of recurrence.

Compared with other studies, our population received a more homogeneous adjuvant
therapy based on carboplatin and paclitaxel (75.4%), which is considered the current
therapeutic standard. In addition, 98.3% of patients underwent platinum-based treatment.

Concerning the chemotherapeutic toxicity of these treatments, our population expe-
rienced much less toxicity than that reported in other studies. Einstein et al. [8] and the
PORTEC-3 trial [17] report 14% and 5–20% G3 hematological toxicity, respectively, com-
pared with 5.9% in our series. RTOG 9708 [23] reports 10% overall hematological toxicity,
whereas in our study, overall hematological toxicity was 8.3%.

The radiotherapy toxicity detected in the PORTEC-3 trial [17] is significantly higher
than that observed in our study, with G2 gastrointestinal toxicity of 44% vs. 7.6% reported in
our study. Genitourinary toxicity (4.2% G2 toxicity) is also lower in our series compared to
the 7% reported in the PORTEC-3 study [17] and 3% reported in the RTOG 9708 study [23].
These higher toxicities do not correspond to improved DFS or OS.

Only Arden and colleagues (2020) analyzed the effects of adjuvant treatments (“sand-
wich” vs. non-“sandwich”) in a cohort of 107 patients, highlighting a significantly lower
chronic overall toxicity for the “sandwich” patients (p, 0.001) [26].

We can conclude that the global toxicity experienced by our population was gener-
ally lower than that reported in the literature, and patient compliance with therapy was
favorable (94.9% of chemotherapy cycles completed).

Focusing on the prognostic outcomes, we found that the 5-year OS is correlated
with FIGO stage and LVSI, with longer survival in patients with I–II stage and no LVSI,
confirming that LVSI represents an independent prognostic factor [27].

In our study, actuarial OS was 60.5% for stages III-IV and 81.3% for stages I-II, in
agreement with literature reports. Lupe et al. investigated a “sandwich” schedule com-
prising four cycles of adjuvant carboplatin and paclitaxel followed by pelvic RT, with two
additional cycles of carboplatin and paclitaxel in a population of stage III and IVA EC
and reported a 3-year OS of 68% [13]. In the GOG 258 trial, the population consisted of
patients with endometrioid adenocarcinoma FIGO stage III/IV and residual tumor <2 cm
or serous or clear-cell adenocarcinoma FIGO stage I–II, whereas the analyzed scheme was
six cycles of carboplatin plus 175 mg/m2 paclitaxel versus percutaneous pelvic radiation
with two cycles of 50 mg/m2 cisplatin followed by four cycles of carboplatin AUC-6 plus
paclitaxel 175 mg/m2. In this trial, the OS after 5 years was 73% [28]. The PORTEC-3 trial
reported significant improvement in 5-year OS in stage III EC patients treated with CT
plus RT versus RT alone (78.5% versus 68.5%, respectively; HR 0.63; p = 0.043), whereas
in stage I–II, 5-year OS was 83.8% with CT plus RT versus 82% with RT alone (HR 0.84;
p = 0.50) [7]. In a recent multi-institutional analysis, Onal et al. demonstrated significantly
longer 5-year OS rates in IIIC patients treated with the “sandwich” schedule than in the
sequential arm (74% vs. 56%; p = 0.03) [20]. Verrengia and colleagues in Italy, studying a
cohort of 36 patients with stage III EC, showed that optimal cytoreduction was a prognostic
factor for OS and that adjuvant CT with RT seems to decrease the risk of recurrence but
only with a borderline significance in OS [11]. In contrast, the GOG 258 trial, comparing
CT+RT versus CT alone for advanced EC, did not report differences in DFS and OS, with
more vaginal, pelvic and para-aortic relapses in group that received CT alone [9,28]. In
2020, Chen and colleagues investigated a series of 51 women with high-risk EC and found
that a “sandwich” schedule was an independent predictor of longer OS (HR 0.07) compared
with concurrent CT-RT [29]. In 2020, McEachron et al. compared CT-RT-CT (36.8% of the
population) vs. CT followed by RT (28.9%) or RT followed by CT (34.2%) in a sample of
152 patients. CT-RT-CT demonstrated superiority over CT-CR and RT-CT sequencing in
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terms of 3-year PFS (55% vs. 34% and 37%, respectively) and 3-year OS (71% vs. 50% and
52%, respectively) [30].

An Italian experience was reported by Raspagliesi and colleagues in 2021, investigating
outcomes and patterns of recurrence in a population of 45 women with III-IVA EC who
had undergone “sandwich” adjuvant treatment. They detected relapses in 15 patients (9 at
a single site and 6 in multiple sites), concluding that the “sandwich” regimen is safe and
associated with a reduced risk of locoregional recurrences, although the distant recurrence
rate was increased [31].

In 2021, Hathout et al. investigated a sample of 686 patients, of whom 42.5% underwent
sequential CT-RT, 25% underwent a sandwich schedule and 16.5 % underwent concurrent
CT-RT; a 5-year OS of 74% was calculated, and the sequence and type of adjuvant therapy
did not correlate with OS [32].

In 2022, Wang et al. published a retrospective study on 66 patients who underwent
complete surgical staging followed by sandwich chemoradiotherapy (39 patients) or CT
alone (27 patients). They found that the sandwich schedule was a positive predictor of
5-year DSS (p = 0.029), even if it was associated with higher acute hematologic toxicity than
the CT-alone arm [33].

In our study, the 5-years DFS, depending on the FIGO stage, was 57% for stages
III-IV and 90% for stages I-II (p value 0.009). These data seem to be in line with those
reported in the literature. The PORTEC-3 trial reported a significant improvement in
5-year failure-free survival in stage III EC treated with CT plus RT versus RT alone (70.9%
versus 58.4%, respectively (HR 0.61; p = 0·011)), whereas in stage I-II, it was 81.3% with
chemoradiotherapy versus 77.3% with radiotherapy alone (HR 0.87; p = 0.54) [7]. In the
multi-institutional analysis by Onal, 5-year DFS was 65% in patients who had undergone
“sandwich” schedule, versus 54% in the sequential arms (p = 0.05) [20]. In the series
reported by Glasgow et al. (41 patients with stage IIIA and IIIC EC) the 4-year DFS
was 69% [12].

A summary of available evidence compared with the data obtained in the current
study is reported in Table 4.
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Table 4. Summary of available evidence.

RTOG 9708
[23]

LUPE et
al. [13]

EINSTEIN
et al. [8]

GLASGOW
et al. [12]

PORTEC-3
[7,17] ONAL et al. [20] HATHOUT

et al. [32]
WANG et
al. [33] Current Study

FIGO stage IB-IIIC III-IV I-IV IIIA, IIIC I-III IIIC IIIC III I-IV

Schedule RT(+CDDP)+4CT
4CT
+RT
+2CT

3CT
+RT
+3CT

3CT
+RT
+3CT

RT(+CDDP)
+4CT
vs.
RT

6CT+RT
vs.
3CT+RT+
3CT

6CT+RT (42.5%)
vs.
3CT+RT+3CT
(25%)
vs.
RT(+CDDP)+CT

3CT+RT
+3CT
vs.
CT alone

3CT
+RT
+3CT

OS 77% (4 y) 68% (3 y) 84% (stages I-II, 3 y)
50% (stages III-IV, 3 y) 70% (5 y)

84% (stages I-II, 5 y)
vs.
82%
78.5% (stages III-IV, 5 y)
vs.
68.5%

56% (5 y)
vs.
74% (5 y)

74% (5 y)
87% (5 y)
vs.
77% (5 y)

81.3% (stages I-II,
5 y)
60.5% (stages
III-IV, 5 y)

CT-related toxicities H G3 1%
H G4 0% - H G3 14%

H G4 12.9% - H G3 5–20% H G3 12%
vs. 9% - H G3-G4 59% vs. 25% H G3 5.9%

H G4 2.4%

RT-related toxicities GU G1 5%
GU G2 3% - - -

GI G2 44%
GI G3-G4 14%
GU G2 7%

GI G1-G2 56% vs. 54%
GI G3-G4 2% vs. 2.1%
GU G1-G2 40% vs. 36%

- -

GU G1 16.1%
GU G2 4.2%
GI G1 23.7%
GI G2 7.6%

CT = Chemotherapy; RT = Radiotherapy; OS = Overall survival; H = Hematological; GU = Genito-urinary; GI = Gastro-intestinal; y = years.
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Our results show a lower treatments toxicity and superimposable OS and DFS com-
pared to the studies reported in literature.

A limitation of this study is the retrospective design, not directly comparing “sand-
wich” and sequential schemes. Few non-randomized studies have compared the schemes,
and there is considerable variability in terms of patient selection concerning FIGO stages,
histotypes and therapeutic schedules. Our study presents a broader spectrum of stages,
especially including those of a lower degree, as well as intermediate–high- or high-risk
cases, which are rarely investigated in other series.

Another limitation is the long period of study, although the incidence of surgical treat-
ment and adjuvant medical therapy was equal over time. Moreover, the stage of the older
cases was updated according to the recent FIGO classification. Few patients underwent
sentinel node biopsy, as it has been introduced as routine procedure in our institutions
only this year. The identification of a sentinel lymph node is extremely important in EC,
especially for early-stage disease, to define the risk of recurrence and plan an adequate
adjuvant treatment avoiding more invasive surgical procedures.

In the era of molecular classification of EC, as well as on the basis of our results, we
stress the importance of the preoperative mapping through imaging, as well as histological
and molecular analyses of hysteroscopic biopsies to predict the low or high risk for nodal
involvement upon preoperative evaluation [34].

Additional studies are necessary to confirm our data, but the “sandwich” schedule
remains a suitable option when CT and RT are indicated in the adjuvant treatment.

5. Conclusions

Endometrial cancer includes several histological types and various stages under
a single name, with varying prognoses. Therefore, it is complex to identify a unique
therapeutic line, even following the analysis of several studies comparing different adjuvant
therapies. The optimal timing of adjuvant CT and RT is controversial, as few studies have
compared the “sequential” with the “sandwich” schedule. The best administration scheme
for these two therapeutic methods remains the subject of debate.

Our study shows that a population with intermediate–high or high risk EC treated
with the “sandwich” schedule experienced a very low rate of toxicity, whereas OS and DFS
rates were in line with those reported in the literature. The “sandwich” schedule is a valid
option, based on the high compliance with treatment, as well as in intermediate–high-risk
patients, when CT can be considered.
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