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Abstract. – OBJECTIVE: Adding chemo-
therapy to radiotherapy in patients with high-
risk endometrioid endometrial cancer (EEC) 
remains controversial, particularly in stages 
I-II. We aimed to investigate the effect of treat-
ment modalities on survival in high-risk EEC 
patients. 

PATIENTS AND METHODS: Patients with 
high-risk EEC were evaluated retrospectively 
between 2010 and 2019. Patients who did not re-
ceive adjuvant treatment were excluded. We in-
cluded seventy patients and formed two groups: 
patients who received radiotherapy (RT) alone 
and those who received chemotherapy and ra-
diotherapy (CT and RT). 

RESULTS: The median follow-up time was 60.3 
months (8.0-143.5). 38.5% of the patients had 
relapsed. Recurrence-free survival (RFS) rates 
were 97. 1%, 68.3% , and 60.8% at 12-, 36-, and 
60-month, respectively. Overall survival rates 
were 97.1%, 80.6%, and 72.6% at 12-, 36-, and 
60-month, respectively. Hematological adverse 
events and neuropathy were more common in 
the CT and RT group than in the RT group. Multi-
variate Cox regression analysis for RFS revealed 
that the FIGO stage and treatment modalities 
were statistically independent factors (p=0.031 
and p=0.040, respectively). Stage stratified log-
rank test revealed that adding chemotherapy im-
proved RFS in patients with stage III (p=0.020) 
but not in stage I-II disease (p=0.725). The num-
ber of chemotherapy cycles administered (≤4 
vs. >4) did not affect survival in all patients and 
stage III disease (p=0.497, and p=0.436, respec-
tively).

CONCLUSIONS: Adding chemotherapy to 
radiotherapy may be considered in high-risk 
stage III EEC. Further studies are needed to 
determine the optimal duration of chemother-
apy.
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Introduction

Endometrial cancer (EC) is the most com-
mon malignancy originating in female genital 
system accounting for 7% of new female cancer 
cases in the United States1, and it is the second 
most common gynecological malignancy world-
wide, considering both resource-abundant and 
resource-limited countries2. The incidence of EC 
is increasing due to various factors, such as the 
increasing prevalence of diabetes, obesity, and 
nulliparity3-5. More than 90% of EC cases occur 
in women over 50, and patients often suffer uter-
ine bleeding6,7. More than two-thirds of patients 
with ECs have localized disease at diagnosis and 
a 5-year survival rate of over 95%8; however, 
patients representing advanced disease or distant 
metastasis have 5-year survival rates of about 
69% and 18%, respectively1. Endometrioid EC 
(EEC) accounts for more than 75% EC cases9. 

External pelvic beam radiation therapy 
(EBRT) has been used to treat patients with 
high-risk EC for decades. Clinical studies com-
paring adjuvant chemotherapy to external beam 
radiation therapy alone found no difference in 
survival10,11. Due to the high risk of pelvic or 
distant recurrence with unimodal treatments, 
trials studying the efficacy of combining che-
motherapy and radiotherapy were initiated in 
patients with different risk groups12,13. In 2016, a 
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consensus conference proposed new risk groups 
for EC to guide adjuvant therapy use14. This 
consensus report recommended adding chemo-
therapy to EBRT for high-risk EEC, particularly 
patients without surgical nodal staging. Similar-
ly, the National Comprehensive Cancer Network 
(NCCN) uterine cancer guideline recommended 
adjuvant EBRT and/or vaginal brachytherapy ± 
systemic chemotherapy for high-risk the Inter-
national Federation of Gynecology and Obstet-
rics (FIGO) stage 1-3 EEC15. 

The addition of chemotherapy to radiotherapy 
in high-risk EC has been investigated in various 
randomized control trials16-18. However, although 
EEC has favorable survival outcomes compared to 
other histotypes, such as serous cancers, these stud-
ies evaluated all patients with different histotypes 
together. Therefore, it remains unclear whether the 
addition of chemotherapy improves survival in pa-
tients with EEC. Thus, we aimed to investigate the 
effect of treatment modalities on survival in real-life 
experiences in high-risk EEC patients.

Patients and Methods

Study Population and Data Collection
We designed the study in 2020; therefore, we 

used high-risk criteria in the consensus report 
in 2016: FIGO stage 1 grade 3 with myometrial 
invasion ≥1/2, and stage 2-3 disease for EECs14. 
Inclusion criteria were: ≥18 years old, high-risk 
stage 1-3 EEC, followed up in Bursa Uludag 

University Faculty of Medicine (Bursa, Turkey) 
between 2010 and 2019. Patients with low and 
intermediate-risk EEC, non-endometrioid EC, 
stage IV disease, missing clinical data, a history 
of heart failure, renal failure, liver failure, hor-
monal therapy, and patient without optimal sur-
gical procedures were excluded from the study. 
Patients who received < 3 cycles of carboplatin 
and paclitaxel or other chemotherapy regimens 
were also excluded. Figure 1 demonstrates the 
patients’ selection diagram. We retrospectively 
collected data about patients’ demographic char-
acteristics, type of surgical procedure, histo-
pathological features, adjuvant treatment modal-
ities, and attributes of patients with recurrence 
from the electronic records of our center. We 
used the final pathology reports of the patients 
for histopathological features.

Surgical Procedure and 
Adjuvant Treatment

In our institution, EC is treated surgically with a 
complete hysterectomy and bilateral salpingo-oo-
phorectomy. Pelvic and paraaortic lymphadenecto-
my is performed in patients with grade 3 histology, 
cervical invasion, myometrial invasion ≥ 50%, and 
tumor size > 2 cm. Brachytherapy was delivered to 
all patients with stage 1B grade 3, stage 2, and stage 
3 EEC. External radiotherapy was planned for the 
primary tumor site and pelvic lymph nodes with a 
total dose of 45 -50 gray (Gy) (1.8 Gy per fraction). 
Patients were irradiated by high dose rate (HDR) 
brachytherapy using an Ir192 source. Prescribed 

Figure 1. Patients flow 
diagram.
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isodose was delivered to the upper 1/3 part of the 
vaginal mucosa at a depth of 5 mm. The dose was 
also calculated at the ICRU (International Com-
mission on Radiation Units and Measurements) of 
the bladder and rectum, and the maximum dose 
in the vaginal mucosa. A total dose of 18-21 Gy 
with a fraction dose of 6-7 Gy was delivered to all 
patients. EEC patients in the chemotherapy and 
radiotherapy (CT and RT) group received adjuvant 
chemotherapy before or after (or both before and 
after) radiotherapy. Patients received intravenous 
carboplatin at a dose of 5 or 6 area under the curve 
and intravenous paclitaxel at a dose of 175 mg/m2 
every 21 days for 4-6 cycles. Adjuvant therapy was 
initiated within four to eight weeks after surgery.

 
Outcomes 

Recurrence-free survival (RFS) was defined 
as the time between the date of surgical staging 
and the date of (histologically or radiologically 
confirmed) recurrence or the date of death, irre-
spective of the cause. Overall survival (OS) was 
determined from the time of diagnosis until death 
for any reason. Adverse events were evaluated 
using the Common Terminology Criteria for Ad-
verse Events (CTCAE), version 5.019.

Statistical Analysis
Statistical analyses were performed using 

SPSS software Version 25.0 (IBM Corp., Ar-
monk, NY, USA) . The Shapiro-Wilk test was 
used to assess whether the variables followed 
a normal distribution. Variables were reported 
as median (minimum-maximum) values and 
frequency values. According to the normality 
test results, Mann-Whitney’s U test was used to 
compare the groups. Categorical variables were 
compared using the Chi-square test and Fisher’s 
exact test. Kaplan-Meier analysis was employed 
for survival rates with comparisons made with 
the log-rank test. Multivariate Cox regression 
analysis for possible factors affecting RFS was 
performed using enter method with parameters 
with a p‑value <0.25. A p-value of <0.05 was 
considered statistically significant. 

Results

Postoperatively, 35 (50.0%) patients received 
radiotherapy alone, and 35 (50.0%) patients were 
treated with chemotherapy and radiotherapy. 
Table I shows the clinicopathological character-
istics of the two groups. There was no significant 

difference between the two groups in other pa-
rameters except for the stage. The number of stage 
III patients was statistically significantly higher 
in the CT and RT group than in the radiotherapy 
alone (RT) group (p<0.001). The median number 
of chemotherapy cycles was 5 (range, 3-6). Table 
II shows adverse events observed during treatment 
for both groups. Hematological adverse events, 
including anemia, neutropenia, and thrombocyto-
penia, were both groups’ most common adverse 
events. Hematological adverse events and neurop-
athy were significantly more common in the CT 
and RT group compared to the RT group (p<0.001, 
p=0.017, respectively). No chemotherapy or radio-
therapy-related deaths or adverse events precluded 
further therapy were observed.

During a median follow-up time of 60.3 
months (range 8.0-143.5), 27 (38.5%) patients 
had recurrences: 16 (45.7%) in the RT group, 
and 11 (31.4%) in the CT and RT group. Table 
III displays the recurrence sites of the patients. 
The patients who presented with distant recur-
rence were more common in the RT group but 
not statistically significant (p=0.192). RFS rates 
for all patients were 97.1%, 68.3%, and 60.8% at 
12-, 36-, and 60-month, respectively. OS rates 
for all patients were 97.1%, 80.6%, and 72.6% at 
12-, 36-, and 60-month, respectively. 

The univariate and multivariate Cox regression 
analysis revealed that FIGO stage [hazard ratio 
(HR), 2.779; 95% confidence interval (CI), 1.096-
7.046; p=0.031] and treatment modality (HR, 
0.414; 95% CI, 0.178-0.959, p=0.040) were inde-
pendent factors affecting RFS (Table IV). Due to 
the heterogeneous distribution for stage, further 
subgroup analyses were performed. In stage IB 
and II EEC, RFS rates were not different between 
treatment groups (p=0.725) (Figure 2A). How-
ever, in stage III disease, RFS was significantly 
longer in patients receiving chemotherapy and 
radiotherapy compared to those who received ra-
diotherapy alone (p=0.020) (Figure 2B). Further-
more, statistically significant differences were 
not observed in RFS between patients receiving 
≤4 cycles and >4 cycles of chemotherapy in all 
patients and patients with stage III EEC in the CT 
and RT group (p=0.497, p=0.436, respectively).

Discussion

Our study is a real-life data analysis comparing 
adjuvant chemotherapy and radiotherapy to radio-
therapy alone in high-risk EEC patients. According 
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to our findings, adding chemotherapy to radiothera-
py provided a statistically significant survival bene-
fit in patients with stage III EEC but not in high-risk 
stage IB-II EEC, supporting that chemotherapy is a 
rational treatment option for stage III disease.

In various randomized controlled trials 
(RCT), high-risk EC patients with endometrioid 
and non-endometrioid histology were evaluat-
ed, although their clinical courses were differ-
ent11,16-18,20,21. In a pooled analysis of two ran-

Table I. Clinicopathological features in the radiotherapy alone and chemotherapy and radiotherapy groups.

	 Characteristic		  RT alone N = 35 (%)	 CT&RT N = 35 (%)	 p-value

Age 	 (Median)	 62 (44-84)	 60 (35-75)	 0.506
	 (Range, years)	

ECOG PS 	 0	 22 (62.8)	 25 (71.5)	 0.611
	 1/2	 13 (37.2)	 10 (28.5)	

BMI 	 (Median) 	 35.1 (23.1-44.9)	 35.1 (20.4-68.5)	 0.896
	 (Range, kg/m2)		

Parity 	 Nulliparous	 5 (14.3)	 6 (17.1)	 0.743
	 Parity ≥ 1	 30 (85.7)	 29 (82.9)	

Surgery	 TH & LD	 22 (62.8)	 19 (54.2)	 0.627
	 TH & LD + Omx	 13(37.2)	 16(45.8)	

Stage	 IB-II	 20 (57.1)	 5 (14.3)	 < 0.001
	 III	 15(42.9)	 30 (85.7)	

Tumor size	 (Median) 	 4.0 (2.0-9.0)	 4.0 (1.5-6.5)	 0.972
	 (Range, cm)			 

Grade	 1 & 2	 20 (57.1)	 26 (74.3)	 0.208
	 3	 15 (42.9)	 9 (25.7)	

MI	 < 1/2	 10 (28.5)	 13 (37.1)	 0.611
	 ≥ 1/2	 25 (71.5)	 22 (62.9)	

LUSI	 Absent	 18 (51.4)	 18 (51.4)	 1.00
	 Present	 17(48.6)	 17 (48.6)	

LVSI	 Absent 	 20 (57.1)	 20 (57.1)	 1.00
	 Present	 15 (42.9)	 15 (42.9)	

ECOG PS, Eastern Cooperative Oncology Group Performance Status, BMI, Body Mass Index; TH&LD, Total Hysterectomy, and 
Bilateral Pelvic Paroaortic Lymph Node Dissection; Omx, omentectomy; MI, Myometrial Invasion; LUSI, Lower Uterine Segment 
Involvement; LVSI, Lymphovascular Involvement. The bold front indicates a statistically significant difference.

Table II. Adverse events for both groups.

		                               RT alone		                           CT & RT

		  Any grade 	 Grade 3 & 4	 Any grade 	 Grade 3 & 4
	 Adverse effects	 N (%)	 N (%)	 N (%)	 N (%)	 p-value

Hematological AE	 8 (22.9)	 2 (5.7)	 30 (85.7)	 9 (25.7)	 < 0.001
Anemia	 7 (20.0)	 2 (5.7)	 16 (45.7)	 5 (14.3)	 -
Thrombocytopenia	 2 (5.7)	 -	 9 (25.7)	 2 (5.7)	 -
Neutropenia	 1 (2.9)	 -	 10 (28.6)	 4 (11.4)	 -
Liver enzyme elevation	 2 (5.7)	 -	 5 (14.3)	 1 (2.9)	 0.428
Acute kidney injury	 1 (2.9)	 -	 2 (5.7)	 -	 1.000
Nausea/Vomiting	 5 (14.3)	 -	 11 (31.4)	 3 (8.6)	 0.155
Neuropathy	 1 (2.9)	 -	 9 (25.7)	 2 (5.7)	 0.017
Diarrhea	 7 (20.0)	 1 (2.9)	 10 (28.6)	 2 (5.7)	 0.577
Dermatitis	 3 (8.6)	 -	 2 (5.7)	 -	 1.000

*p-values were calculated for any grade adverse events. The bold front indicates a statistically significant difference.
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Table IV. Cox PH regression model estimates for the risk of clinical recurrence.

			   Univariate analysis			   Multivariate analysis

	 Factor	 HR	 95% CI	 p-value	 HR	 95% CI	 p-value

Age years	 1.029	 0.984-1.077	 0.209	 1.025	 0.979-1.074	 0.295
ECOG PS (R) vs. 1 & 2	 1.058	 0.490-2.283	 0.886			 
BMI kg/m²	 0.978	 0.909-1.052	 0.544			 
Parity nulliparous (R) vs. Parity ≥ 1	 2.126	 0.503-8.987	 0.305			 
Surgery TH&LD (R) vs. TH & LD+Omx	 1.288	 0.602-2.755	 0.514			 
Tumor size mm	 0.917	 0.704-1.194	 0.520			 
Grade 1 & 2 (R) vs. 3	 1.103	 0.495-2.459	 0.810			 
Myometrial invasion absent (R) vs. present	 1.327	 0.580-3.036	 0.502			 
LUSI absent (R) vs. present	 1.309	 0.612-2.798	 0.487			 
LVSI absent (R) vs. present	 1.123	 0.527-2.395	 0.763			 
FIGO stage IB & II(R) vs. III	 1.794	 0.758-4.247	 0.184	 2.779	 1.096-7.046	 0.031
Treatment RT (R) vs. CT&RT	 0.616	 0.285-1.329	 0.217	 0.414	 0.178-0.959	 0.040

ECOG PS, Eastern Cooperative Oncology Group Performance Status, BMI, Body Mass Index; TH&LD, Total Hysterectomy, 
and Bilateral Pelvic Paroaortic Lymph Node Dissection; Omx, omentectomy; LUSI, Lower Uterine Segment Involvement; 
LVSI, Lymphovascular Involvement. *Cox regression model is statistically significant (p=0.035). The bold front indicates a 
statistically significant difference.

Table III. Recurrence sites after treatment modalities.

	 Recurrence sites	 RT alone N (%)	 CT & RT N (%)	 p-value

Local 	 3 (8.6)	 3 (8.6)	 1.000
    Vaginal	 1 (2.9)	 1 (2.9)	
    Regional lymph nodes	 2 (5.7)	 2 (5.7)	
Distant 	 13 (37.1)	 8 (22.9)	 0.192
    Abdominal cavity	 4 (11.4)	 4 (11.4)	
    Distant lymph nodes	 4 (11.4)	 1 (2.9)	
    Viscera & bone	 5 (14.3)	 3 (8.6)	

Figure 2. Kaplan-Meier curves of recurrence-free survival according to the treatments in patients with FIGO stage IB and II 
(A) and FIGO stage III disease (B).
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domized trials, the addition of chemotherapy to 
radiotherapy in patients with stage high-risk I-III 
EC was reported to prolong progression-free sur-
vival (PFS) but not OS compared to radiotherapy 
alone16. In subgroup analysis, survival benefit 
in PFS was also observed in patients with EEC, 
but stratified analysis considering stages in this 
group was not reported. The PORTEC-3 is one 
of the most noteworthy trials comparing adjuvant 
therapies in patients with high-risk endometrial 
cancer18. This study’s updated post-hoc survival 
analysis reported that treatment with chemoradia-
tion improved failure-free survival (FFS) and OS, 
with the most significant benefit for the addition 
of chemotherapy seen in patients with stage III 
disease or serous cancers22. In patients with stage 
I-II EC and patients with non-serous histologies, 
adding chemotherapy was noted not to improve 
survival outcomes. However, the results of pa-
tients with stage III EEC were not reported. A 
meta-analysis including RCTs studying adding 
chemotherapy to radiotherapy versus radiothera-
py alone in patients with high-risk stage I-II EC 
revealed that chemo-radiotherapy has no survival 
benefit over radiotherapy alone in terms of over-
all survival and failure-free survival23. Subgroup 
analysis for patients with EEC was not reported. 
Considering the overmentioned trials’ results, it 
remains unclear whether adding chemotherapy 
to radiotherapy provides survival benefits in pa-
tients with the endometrioid subtype in all stages. 

To our knowledge, there are limited retrospec-
tive studies regarding high-risk EEC in the liter-
ature. Van Weelden et al24 reported that chemo-
therapy and radiotherapy improved survival com-
pared with chemotherapy or radiotherapy alone 
in patients with stage III EEC, supporting our 
findings. Son et al25 published a multicenter retro-
spective study including high-risk stage I-II EEC 
patients. They proclaimed that although admin-
istering adjuvant treatments (EBRT, brachyther-
apy, or chemotherapy) improved PFS and OS 
compared to observation, adding chemotherapy 
to radiotherapy did not provide any survival ben-
efits in this population, supporting our findings. 
In addition to these studies, three large-scale 
National Cancer Database (NCDB) analyses26-28 
have been reported. In 2017, NCDB analysis of 
stage II EEC patients revealed that adding che-
motherapy was not associated with OS advantage 
after propensity score matching26. In 2021, anoth-
er NCDB research, including 1,120 stage III EEC 
patients, found that patients with lymphovascular 
space invasion had improved OS with chemother-

apy and radiation compared to radiation alone27. 
Recently, Nasioudis et al28 reported an NCDB 
analysis of stage I EEC patients claiming that the 
addition of chemotherapy did not improve sur-
vival in patients who received EBRT. Although 
radiotherapy administration and chemotherapy 
regimens were not reported in detail, and RFS 
analysis was not performed in the overmentioned 
NCDB analyses, these reports support that add-
ing chemotherapy to radiotherapy may improve 
survival in stage III EEC, not in stage I and II 
disease. The prognostic groups were updated by 
changing stage IB and II EEC from the high-
risk group to the high-intermediate risk group 
in ESGO/ESTRO/ESP guideline recommending 
chemotherapy not to be administered routinely in 
this group, which is consistent with our results29. 

In endometrial cancer, it has been reported that 
clinical characteristics such as age, body mass in-
dex, and histopathological features such as grade, 
ki67, lymphovascular invasion, ER receptor status, 
and squamous differentiation have prognostic val-
ues8,30-33. However, it was noted that only the FIGO 
stage and histotype might predict the benefit of 
chemotherapy in patients receiving adjuvant treat-
ment and help the clinician in this sense22,34,35.

Various chemotherapy schedules36,37 were stud-
ied, including sequential or concurrent radiotherapy 
in RCTs in endometrial cancer, but optimal cycles 
of adjuvant chemotherapy were not determined38. 
Although Kim et al39 claimed that ≥ 6 cycles of 
chemotherapy might be more beneficial than 3-5 
cycles of chemotherapy for high-risk EEC patients, 
Mayama et al40 reported that no statistical difference 
was found in terms of OS and RFS between patients 
receiving four cycles and those receiving six cycles 
of chemotherapy, consistent with our findings. We 
did not observe any treatment-related deaths or 
adverse events hindering further therapy. Although 
hematological adverse events and neuropathy were 
more common in the CR and RT group, adding che-
motherapy appears to be a tolerable and manageable 
treatment option, as found in the PORTEC 3 trial18. 
RCTs and large-scale cohorts are needed to clarify 
the optimal duration of chemotherapy to decrease 
chemotherapy-related toxicity, particularly in pa-
tients receiving multimodal treatment.

The analysis of the molecular classification in the 
PORTEC 3 trial revealed that the molecular type 
of EC had substantial prognostic value and could 
predict the benefit of adjuvant therapy41. According 
to the molecular classification, EC is classified into 
four groups: POLE ultramutated, MSI hypermu-
tated, copy-number low, and copy-number high. In 
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2020, the ESGO/ESTRO/ESP guideline presented a 
new prognostic risk group by integrating molecular 
classification29. The results of the ongoing PORTEC 
4a trial may reveal how the molecular-integrated 
risk profile will affect our clinical approach42.

The strengths of our study are that all patients 
received EBRT and brachytherapy, and those in 
the CT and RT group received at least three cy-
cles of a standard chemotherapy regimen (carbo-
platin and paclitaxel), allowing comparison of the 
addition of chemotherapy to the treatment. 

Limitations
On the other hand, our study had some lim-

itations: a retrospective design, limited repre-
sentation of stage I and II patients receiving 
chemotherapy, and inability to perform molecular 
profiling and OS analyses due to insufficient 
death. Although the integrated genomic-patho-
logic classification of EC is prognostic and pre-
dictive value, it is still not available in all centers, 
particularly in low and middle-income countries, 
as our center. Therefore, the updated consensus 
report also defined prognostic risk groups for pa-
tients with unknown molecular analysis29.

Conclusions

Adding adjuvant chemotherapy to radiothera-
py improved survival in high-risk stage III EEC 
patients. However, we did not observe any sur-
vival benefit in stage I-II disease. Chemotherapy 
may be considered in high-risk stage III EEC. 
Further studies are needed to determine the op-
timal duration of chemotherapy to avoid chemo-
therapy-related toxicities.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
None.

Funding
There is no grant funding for this study.

Authors’ Contribution
A. B. Sahin and B. Ocak designed and managed the study. 
A. B. Sahin, B. Ocak, C.D. Abakay, B. Dakiki, B. Can-

er, and G. Islek extracted the data. A. B. Sahin and B. Oc-
ak performed the analyses and wrote the manuscript. T. 
Evrensel, E. Cubukcu, and K. Ozerkan made contributions 
to the interpretation of data. C.D. Abakay, K. Ozerkan, A. 
Deligonul, B. Caner, B. Dakiki, and G. Islek provided com-
ments on manuscript drafts. E. Cubukcu and T. Evrensel re-
vised the article. All authors agreed to be accountable for 
the work.

ORCID ID
Ahmet Bilgehan Sahin: 0000-0002-7846-0870; Birol Oc-
ak: 0000-0001-7537-1699; Candan Demiroz Abakay: 0000-
0001-5380-5898; Erdem Cubukcu: 0000-0002-0070-0889; 
Adem Deligonul: 0000-0002-3669-6391; Burcu Caner: 
0000-0003-1591-3323; Kemal Ozerkan: 0000-0003-1460-
6524; Turkkan Evrensel: 0000-0002-9732-5340.

Availability of Data 
The datasets generated during and/or analyzed during the 
current study are available from the corresponding author 
on reasonable request.

Ethical Approval
Our studies followed the ethical guidelines established 
by the Institutional Research Committee and the Helsinki 
Declaration of 1964. The study was accepted by the Bur-
sa Uludag University Faculty of Medicine (Approval num-
ber: 2021-5/21).

Informed Consent 
Not applicable.

References

  1)	 Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer 
statistics, 2022. CA Cancer J Clin 2022; 72: 7-33.

  2)	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soer-
jomataram I, Jemal A, Bray F. Global Cancer Sta-
tistics 2020: GLOBOCAN Estimates of Incidence 
and Mortality Worldwide for 36 Cancers in 185 
Countries. CA Cancer J Clin 2021; 71: 209-249.

  3)	 Cote ML, Ruterbusch JJ, Olson SH, Lu K, 
Ali-Fehmi R. The Growing Burden of Endome-
trial Cancer: A Major Racial Disparity Affect-
ing Black Women. Cancer Epidemiol Biomarkers 
Prev 2015; 24: 1407-1415.

  4)	 Smrz SA, Calo C, Fisher JL, Salani R. An ecolog-
ical evaluation of the increasing incidence of en-
dometrial cancer and the obesity epidemic. Am J 
Obstet Gynecol 2021; 224: 506 e1-506 e8. 

  5)	 Constantine GD, Kessler G, Graham S, Goldstein 
SR. Increased Incidence of Endometrial Can-
cer Following the Women’s Health Initiative: An 
Assessment of Risk Factors. J Womens Health 
(Larchmt) 2019; 28: 237-243.



A.B. Sahin, B. Ocak, C.D. Abakay, E. Cubukcu, et al

8966

  6)	 Kimura T, Kamiura S, Yamamoto T, Seino-Noda 
H, Ohira H, Saji F. Abnormal uterine bleeding and 
prognosis of endometrial cancer. Int J Gynaecol 
Obstet 2004; 85: 145-150.

  7)	 U.S. Cancer Statistics Data Visualizations Tool 
(https://gis.cdc.gov/Cancer/USCS/#/Demograph-
ics/).

  8)	 Cubukcu E, Sahin AB, Oz Atalay F, Ocak B, Ozsen 
M, Demiroz Abakay C, Ozerkan K, Hasanzade U, 
Mesohorli M, Deligonul A, Ozan H, Evrensel T. 
The Ki-67 index and neutrophile-lymphocyte ra-
tio are prognostic factors in patients with low-risk 
endometrial cancer. Eur J Gynaecol Oncol 2021; 
42: 775-781.

  9)	 Huvila J MJ. Endometrial cancer: Pathology and 
classification. Available at: https://www.upto-
date.com/contents/endometrial-cancer-patholo-
gy-and-classification.

10)	 Susumu N, Sagae S, Udagawa Y, Niwa K, Kura-
moto H, Satoh S, Kudo R. Randomized phase III 
trial of pelvic radiotherapy versus cisplatin-based 
combined chemotherapy in patients with interme-
diate- and high-risk endometrial cancer: a Japa-
nese Gynecologic Oncology Group study. Gyne-
col Oncol 2008; 108: 226-233.

11)	 Maggi R, Lissoni A, Spina F, Melpignano M, Zola 
P, Favalli G, Colombo A, Fossati R. Adjuvant che-
motherapy vs radiotherapy in high-risk endome-
trial carcinoma: results of a randomised trial. Br J 
Cancer 2006; 95: 266-271.

12)	 Mundt AJ, McBride R, Rotmensch J, Waggoner 
SE, Yamada SD, Connell PP. Significant pelvic re-
currence in high-risk pathologic stage I-IV endo-
metrial carcinoma patients after adjuvant chemo-
therapy alone: implications for adjuvant radiation 
therapy. Int J Radiat Oncol Biol Phys 2001; 50: 
1145-1153.

13)	 Klopp AH, Jhingran A, Ramondetta L, Lu K, Ger-
shenson DM, Eifel PJ. Node-positive adenocarci-
noma of the endometrium: outcome and patterns 
of recurrence with and without external beam ir-
radiation. Gynecol Oncol 2009; 115: 6-11.

14)	 Colombo N, Creutzberg C, Amant F, Bosse T, 
González-Martín A, Ledermann J, Marth C, Nout 
R, Querleu D, Mirza MR, Sessa C; ESMO-ES-
GO-ESTRO Endometrial Consensus Conference 
Working Group. ESMO-ESGO-ESTRO Consen-
sus Conference on Endometrial Cancer: diagno-
sis, treatment and follow-up. Ann Oncol 2016; 27: 
16-41.

15)	 NCCN Clinical Practice Guidelines in Oncology 
Uterine Neoplasms Version 1.2022. Available at: 
https://www.nccn.org/professionals/physician_
gls/pdf/uterine.pdf.

16)	 Hogberg T, Signorelli M, de Oliveira CF, Fossa-
ti R, Lissoni AA, Sorbe B, Andersson H, Gren-
man S, Lundgren C, Rosenberg P, Boman K, 
Tholander B, Scambia G, Reed N, Cormio G, 
Tognon G, Clarke J, Sawicki T, Zola P, Kristensen 
G. Sequential adjuvant chemotherapy and ra-
diotherapy in endometrial cancer--results from 

two randomised studies. Eur J Cancer 2010; 46: 
2422-2431.

17)	 Randall ME, Filiaci V, McMeekin DS, von Grueni-
gen V, Huang H, Yashar CM, Mannel RS, Kim JW, 
Salani R, DiSilvestro PA, Burke JJ, Rutherford T, 
Spirtos NM, Terada K, Anderson PR, Brewster 
WR, Small W, Aghajanian CA, Miller DS. Phase 
III Trial: Adjuvant Pelvic Radiation Therapy Ver-
sus Vaginal Brachytherapy Plus Paclitaxel/Car-
boplatin in High-Intermediate and High-Risk Ear-
ly Stage Endometrial Cancer. J Clin Oncol 2019; 
37: 1810-1818.

18)	 de Boer SM, Powell ME, Mileshkin L, Katsa-
ros D, Bessette P, Haie-Meder C, Ottevanger 
PB, Ledermann JA, Khaw P, Colombo A, Fyles 
A, Baron MH, Jürgenliemk-Schulz IM, Kitchen-
er HC, Nijman HW, Wilson G, Brooks S, Carinel-
li S, Provencher D, Hanzen C, Lutgens LCHW, 
Smit VTHBM, Singh N, Do V, D’Amico R, Nout 
RA, Feeney A, Verhoeven-Adema KW, Putter 
H, Creutzberg CL; PORTEC study group. Ad-
juvant chemoradiotherapy versus radiotherapy 
alone for women with high-risk endometrial can-
cer (PORTEC-3): final results of an international, 
open-label, multicentre, randomised, phase 3 tri-
al. Lancet Oncol 2018; 19: 295-309.

19)	 National Cancer Institute’s Common Terminol-
ogy Criteria for Adverse Events v5.0. Available 
at: https://ctep.cancer.gov/protocoldevelopment/
electronic_applications/docs/CTCAE_v5_Quick_
Reference_8.5x11.pdf. 

20)	 Kuoppala T, Mäenpää J, Tomas E, Puistola U, 
Salmi T, Grenman S, Lehtovirta P, Fors M, Luuk-
kaala T, Sipilä P. Surgically staged high-risk en-
dometrial cancer: randomized study of adjuvant 
radiotherapy alone vs. sequential chemo-radio-
therapy. Gynecol Oncol 2008; 110: 190-195. 

21)	 Matei D, Filiaci V, Randall ME, Mutch D, Stein-
hoff MM, DiSilvestro PA, Moxley KM, Kim YM, 
Powell MA, O’Malley DM, Spirtos NM, Small W 
Jr, Tewari KS, Richards WE, Nakayama J, Mat-
ulonis UA, Huang HQ, Miller DS. Adjuvant Che-
motherapy plus Radiation for Locally Advanced 
Endometrial Cancer. N Engl J Med 2019; 380: 
2317-2326. 

22)	 de Boer SM, Powell ME, Mileshkin L, Katsa-
ros D, Bessette P, Haie-Meder C, Ottevanger 
PB, Ledermann JA, Khaw P, D’Amico R, Fyles 
A, Baron MH, Jürgenliemk-Schulz IM, Kitchen-
er HC, Nijman HW, Wilson G, Brooks S, Gri-
baudo S, Provencher D, Hanzen C, Kruitwa-
gen RF, Smit VTHBM, Singh N, Do V, Lissoni A, 
Nout RA, Feeney A, Verhoeven-Adema KW, Put-
ter H, Creutzberg CL; PORTEC Study Group. 
Adjuvant chemoradiotherapy versus radiothera-
py 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; 20: 1273-1285. 

23)	 Jingjing H, Rui J, Hui P. Adjuvant chemoradiother-
apy vs. radiotherapy alone in early-stage high-
risk endometrial cancer: a systematic review and 



Adding chemotherapy to radiotherapy in high-risk endometrial endometrioid carcinoma

8967

meta-analysis. Eur Rev Med Pharmacol Sci 2019; 
23: 833-840.

24)	 van Weelden WJ, Reijnen C, Eggink FA, Boll D, 
Ottevanger PB, van den Berg HA, van der Aa 
MA, Pijnenborg JMA. Impact of different adjuvant 
treatment approaches on survival in stage III en-
dometrial cancer: A population-based study. Eur 
J Cancer 2020; 133: 104-111. 

25)	 Son J, Chambers LM, Carr C, Michener CM, 
Yao M, Beavis A, Yen TT, Stone RL, Wethington 
SL, Fader AN, Burkett WC, Richardson DL, Sta-
ley AS, Ahn S, Gehrig PA, Torres D, Dowdy SC, 
Sullivan MW, Modesitt SC, Watson C, Veade A, 
Ehrisman J, Havrilesky L, Secord AA, Loreen A, 
Griffin K, Jackson A, Viswanathan A, Ricci S. 
Adjuvant treatment improves overall survival in 
women with high-intermediate risk early-stage 
endometrial cancer with lymphovascular space 
invasion. Int J Gynecol Cancer 2020; 30: 1738-
1747.

26)	 Lester-Coll NH, Young MR, Park HS, Ratner ES, 
Litkouhi B, Damast S. Adjuvant Therapy Use and 
Survival in Stage II Endometrial Cancer. Int J Gy-
necol Cancer 2017; 27: 1904-1911.

27)	 Montes de Oca MK, Albright BB, Secord AA, 
Havrilesky LJ, Moss HA. Adjuvant treatment and 
outcomes for patients with stage IIIA grade 1 en-
dometrioid endometrial cancer. Int J Gynecol 
Cancer 2021; 31: 1549-1556.

28)	 Nasioudis D, Oh J, Ko EM, Haggerty AF, Cory L, 
Giuntoli Ii RL, Kim SH, Morgan MA, Latif NA. Ad-
juvant chemotherapy for stage I high-intermedi-
ate risk endometrial carcinoma with lymph-vas-
cular invasion. Int J Gynecol Cancer 2022; 
1:ijgc-2022-003496.

29)	 Concin N, Matias-Guiu X, Vergote I, Cibula D, 
Mirza MR, Marnitz S, Ledermann J, Bosse T, 
Chargari C, Fagotti A, Fotopoulou C, Gonzalez 
Martin A, Lax S, Lorusso D, Marth C, Morice P, 
Nout RA, O’Donnell D, Querleu D, Raspollini MR, 
Sehouli J, Sturdza A, Taylor A, Westermann A, 
Wimberger P, Colombo N, Planchamp F, Creutz-
berg CL. ESGO/ESTRO/ESP guidelines for the 
management of patients with endometrial carci-
noma. Int J Gynecol Cancer Int J Gynecol Can-
cer 2021; 31: 12-39. 

30)	 Cui P, Cong X, Zhang Y, Zhang H, Liu Z. Endo-
metrial clear cell carcinoma: A population-based 
study. Front Oncol 2022; 12: 961155.

31)	 Kokts-Porietis RL, Elmrayed S, Brenner DR, Frie-
denreich CM. Obesity and mortality among endo-
metrial cancer survivors: A systematic review and 
meta-analysis. Obes Rev 2021; 22): e13337.

32)	 Ocak B, Atalay FÖ, Sahin AB, Ozsen M, Dakiki 
B, Türe S, Mesohorli M, Odman HU, Tanrıverdi Ö, 
Ocakoğlu G, Bayrak M, Ozan H, Demiröz C, Sali 
S, Orhan SO, Deligönül A, Cubukcu E, Evrensel 
T. The impact of Ki-67 index, squamous differen-
tiation, and several clinicopathologic parameters 
on the recurrence of low and intermediate-risk 
endometrial cancer. Bosn J Basic Med Sci 2021; 
21: 549-554.

33)	 Kong W, Tu Y, Jiang P, Huang Y, Zhang J, Ji-
ang S, Li N, Yuan R. Development and validation 
of a nomogram involving immunohistochemical 
markers for prediction of recurrence in early low-
risk endometrial cancer. Int J Biol Markers 2022: 
3936155221132292.

34)	 Shu P, Wang X, Ouyang G, Zhou J, Zhao Y, 
Wang F, Li Z, Shen Y. Long-Term Follow-Up Re-
sults of Adjuvant Intensity-Modulated Radiother-
apy with Concurrent Paclitaxel and Cisplatin in 
High-Risk Endometrial Cancer Patients. J Oncol 
2022; 2022: 4621240.

35)	 Lu M, Zheng J, Xu N, Lin H, Wan S. Postopera-
tive chemotherapy as adjuvant treatment for en-
dometrioid adenocarcinoma: early stage vs late 
stage. Cancer Chemother Pharmacol 2019; 84: 
299-305.

36)	 Brooks RA, Fleming GF, Lastra RR, Lee NK, Mo-
roney JW, Son CH, Tatebe K, Veneris JL. Current 
recommendations and recent progress in endo-
metrial cancer. CA Cancer J Clin 2019; 69: 258-
279.

37)	 van den Heerik A, Horeweg N, de Boer SM, 
Bosse T, Creutzberg CL. Adjuvant therapy for en-
dometrial cancer in the era of molecular classi-
fication: radiotherapy, chemoradiation and nov-
el targets for therapy. Int J Gynecol Cancer 2021; 
31: 594-604.

38)	 Chen HH, Ting WH, Sun HD, Wei MC, Lin HH, 
Hsiao SM. Predictors of Survival in Women with 
High-Risk Endometrial Cancer and Comparisons 
of Sandwich versus Concurrent Adjuvant Chemo-
therapy and Radiotherapy. Int J Environ Res Pub-
lic Health 2020; 17: 5941.

39)	 Kim HS, Kim JW, Wu HG, Chung HH, Park NH, 
Song YS, Kang SB, Lee HP. Comparison of 
the efficacy between paclitaxel/carboplatin and 
doxorubicin/cisplatin for concurrent chemoradi-
ation in intermediate- or high-risk endometrioid 
endometrial cancer: a single institution expe-
rience. J Obstet Gynaecol Res 2010; 36: 598-
604.

40)	 Mayama M, Asano H, Nomura E, Ihira K, Noza-
ki A, Kato T, Konno Y, Mitamura T, Kobayashi 
N, Takeda M, Kudo M, Watari H. Four versus 
six chemotherapy cycles in endometrial carcino-
ma with a high risk of recurrence: a retrospective 
study. Jpn J Clin Oncol 2020; 50: 882-888.

41)	 León-Castillo A, de Boer SM, Powell ME, Milesh-
kin LR, Mackay HJ, Leary A, Nijman HW, Singh 
N, Pollock PM, Bessette P, Fyles A, Haie-Med-
er C, Smit VTHBM, Edmondson RJ, Putter H, 
Kitchener HC, Crosbie EJ, de Bruyn M, Nout 
RA, Horeweg N, Creutzberg CL, Bosse T; Trans-
PORTEC consortium. Molecular Classification of 
the PORTEC-3 Trial for High-Risk Endometrial 
Cancer: Impact on Prognosis and Benefit From 
Adjuvant Therapy. J Clin Oncol 2020; 38: 3388-
3397.

42)	 van den Heerik ASVM, Horeweg N, Nout RA, Lut-
gens LCHW, van der Steen-Banasik EM, Wester-
veld GH, van den Berg HA, Slot A, Koppe FLA, 



A.B. Sahin, B. Ocak, C.D. Abakay, E. Cubukcu, et al

8968

Kommoss S, Mens JWM, Nowee ME, Bijmolt 
S, Cibula D, Stam TC, Jurgenliemk-Schulz IM, 
Snyers A, Hamann M, Zwanenburg AG, Coen VL-
MA, Vandecasteele K, Gillham C, Chargari C, Ver-
hoeven-Adema KW, Putter H, van den Hout WB, 

Wortman BG, Nijman HW, Bosse T, Creutzberg 
CL. PORTEC-4a: international randomized trial 
of molecular profile-based adjuvant treatment for 
women with high-intermediate risk endometrial 
cancer. Int J Gynecol Cancer 2020; 30: 2002-2007.


