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A B S T R A C T

Objective: To examine clinico-pathological characteristics and outcomes of uterine carcinosarcoma (UCS) in
women aged ≥80 years.
Methods: This is a secondary analysis of a previous multicenter retrospective study examining 906 women with
stage I–IV UCS who underwent primary hysterectomy. Patient demographics, treatment types, tumor char-
acteristics, and survival were examined across aged ≥80 (n= 82 [9.1%]), aged 60–79, (n= 526 [58.1%]), and
aged < 60 (n= 298 [32.9%]).
Results: Women in the aged ≥80 group were more likely to be Caucasian, undergo simple hysterectomy without
lymphadenectomy, and receive no postoperative therapy (all, P < 0.05). Tumors in the aged ≥80 group were
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more likely to have high-grade carcinoma, heterologous sarcoma, and sarcoma dominance but less likely to have
lympho-vascular space invasion (all, P < 0.05). Lymphadenectomy did not improve survival in the aged ≥80
group (P > 0.05), whereas lymphadenectomy was protective for survival in the younger groups (both,
P < 0.05). Postoperative chemotherapy was associated with improved progression-free survival (PFS) in the
aged ≥80 group (hazard ratio [HR] 0.44, 95% confidence interval [CI] 0.22–0.89, P= 0.021). With che-
motherapy treatment, women in the aged ≥80 group had PFS similar to those in the aged 60–79 group (HR 0.97,
95%CI 0.51–1.83, P= 0.92). In contrast, without chemotherapy treatment, women in the aged ≥80 group had
significantly decreased PFS compared to the aged 60–79 group (HR 1.62, 95%CI 1.09–2.40, P= 0.016). Similar
associations were observed for postoperative radiotherapy.
Conclusion: Nearly 10% of women with UCS are aged ≥80 that are characterized by aggressive tumor factors.
Postoperative therapy but not extensive surgery may improve survival in this age group.

1. Introduction

Uterine carcinosarcoma (UCS) is a high-grade endometrial cancer
exhibiting a characteristic biphasic morphology with a carcinoma and
sarcoma component within the uterine tumor [1]. A current consensus
regarding the pathophysiology of UCS is that the sarcoma element
arises within the carcinoma through dedifferentiation via an epithelial-
mesenchymal transition [2,3]. UCS is considered a rare tumor but its
proportion among endometrial cancer has steadily increased in the past
decades in the United States, exceeding 5% in the recent years [4]. UCS
is known to be an aggressive disease with poor survival even in early-
stage disease [5,6].

UCS is a disease of the elderly. The vast majority of women with
UCS are 60 years or over, which is significantly older than women di-
agnosed with other histologic types of endometrial cancer [4]. Per the
current guidelines, the standard treatment for high-grade endometrial
cancer, including UCS, is surgery and postoperative therapy [7]. In
general, older women are more likely to have medical comorbidities
and a decreased physical condition compared to their younger coun-
terparts [8,9]. These are factors that make it difficult to pursue ex-
tensive surgical and adjuvant interventions for cancer treatment.

Elderly refers to a diverse range of ages. Specifically, an individual
aged 60 years or over is considered “older”, which can be further sub-
classified into “oldest-old” defined as individual aged 80 years or over
[10,11]. Given that a significant proportion of women with UCS may
fall into the aged ≥80 category, a cohort with decreased physical
condition and more comorbidity, extent of surgery and compliance to
postoperative therapy may be lower possibly impacting survival. The
objective of the study was to examine clinico-pathological character-
istics and outcomes of women with UCS who were aged ≥80 years.

2. Patients and methods

2.1. Study eligibility

A secondary analysis was performed by utilizing a previously or-
ganized database for UCS [5,12,13]. In this multi-center retrospective
study, consecutive cases of UCS were examined anywhere it was
available between 1993 and 2013 from 26 institutions in the United
States and Japan. This surgical database consisted of 906 women with
stage I–IV UCS who underwent primary hysterectomy-based surgical
treatment. Institutional Review Board approval was obtained at each
participating institution. The STROBE guidelines were consulted to
outline the results of the cohort study [14].

2.2. Clinical information

For patient demographics age, race/ethnicity, country, pregnancy
history, body mass index, history of tamoxifen use, prior pelvic irra-
diation, personal history of malignancy, and tumor marker with CA-125
levels were abstracted. For tumor characteristics carcinoma type, sar-
coma type, presence of sarcoma dominance, tumor size, depth of

myometrial tumor invasion, presence of lympho-vascular space inva-
sion (LVSI), number of sampled and tumor-involved lymph nodes
(pelvic and para-aortic), and cancer stage were examined.

For treatment types, surgery and postoperative therapy were ex-
amined. For surgical performance hysterectomy types (simple, modified
radical, and radical), use of pelvic and/or para-aortic lymphade-
nectomy, and residual tumor at surgery were collected. For post-
operative therapy chemotherapy (regimen and cycle) and radiotherapy
type (external whole pelvis and/or vaginal brachytherapy) were col-
lected. For survival outcome progression-free survival (PFS), cause-
specific survival (CSS), and overall survival (OS) were examined.

2.3. Histology evaluation

Archived histopathology slides for hematoxylin-eosin stains and
available immunohistochemistry were pulled and reviewed at each
institution for all the cases. Pathologists were blinded to clinical in-
formation. In a comprehensive slide review, carcinoma type, sarcoma
type, sarcoma dominance, and LVSI cell types were assessed as de-
scribed previously [5].

2.4. Study definition

Age was grouped as < 60 years, 60–79 years, and ≥80 years as
described earlier [10,11]. Cutoffs of body mass index, CA-125, tumor
size, and depth of myometrial tumor invasion were based on prior
studies [5,15]. The 2009 International Federation of Gynecology and
Obstetrics system was used to re-classify cancer stage [16]. Carcinoma
types and sarcoma elements were grouped based on our prior defini-
tion: low-grade carcinoma (grade 1–2 endometrioid) and high-grade
carcinoma (grade 3 endometrioid, serous, clear cell, undifferentiated,
and mixed); and homologous (endometrial stromal sarcoma, leiomyo-
sarcoma, fibrosarcoma, and undifferentiated sarcoma) or heterologous
(rhabdomyosarcoma, osteosarcoma, chondrosarcoma, and lipo-
sarcoma) [5]. LVSI cell types were grouped as carcinoma alone versus
sarcoma ± carcinoma.

Chemotherapy types were grouped as platinum, taxane, ifosfamide,
and anthracycline as before [5]. Adequate lymphadenectomy was de-
fined per the GOG Surgical Procedure Manual: ≥8 nodes for pelvic
lymphadenectomy, and ≥2 nodes for para-aortic lymphadenectomy
[17]. PFS was defined as the time interval between the hysterectomy-
based surgery and the first recurrence/progression of disease or death
due to UCS. CSS was defined as the time interval between the hyster-
ectomy-based surgery and the death due to UCS, and OS was defined as
the time interval between the surgery and all-cause death. Women
without these survival events at the last follow-up visit were censored.

2.5. Statistical analysis

The primary outcome of analysis was to examine the clinico-pa-
thological characteristics of women aged ≥80 years. The secondary
outcome of analysis was to examine association of treatment
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intervention and survival of women aged ≥80 years.
Continuous variables were expressed with mean ( ± standard de-

viation) or median (interquartile range) as appropriate base on the
normality examined by the Kolmogorov–Smirnov test. The Kruskal-
Wallis H test or one-way ANOVA test was used to assess the statistical
significance of continuous variables. Categorical variables were eval-
uated with chi-square test.

Survival curves were plotted with the Kaplan-Meier method, and the
log-rank test was used to assess the statistical significance between the
curves. A Cox proportional hazard regression model was used to de-
termine the magnitude of statistical significance, expressed with hazard
ratio (HR) and 95% confidence interval (CI). A P < 0.05 was con-
sidered statistically significant (all, two-sided hypothesis), and
Statistical Package for Social Science software (IBM SPSS, version 24.0,
Armonk, NY, USA) was used for all the analyses.

3. Results

There were 82 (9.1%, 95%CI 7.2–10.9) women aged ≥80 years in
the study population (n= 906). The most common age range in this
study population was aged 60–79 years (n= 526, 58.1%) followed by
aged < 60 years (n= 298, 32.9%). Patient demographics based on age
distribution are shown in Table 1.

Women in the aged ≥80 group were more likely to be White
(50.0%) and less likely to be Asian (31.6%) compared to other two
groups (P < 0.001). Women in the aged ≥80 group are less likely to
be nulligravida compared to non-older women (11.4% versus 25.5%,
P < 0.001). Body habitus, history of tamoxifen use/pelvic irradiation,
prior malignancy, and tumor marker levels were similar across the
three age groups (all, P > 0.05).

Treatment types were examined based on age groups (Table 2).
Women in the aged ≥80 group were more likely to undergo con-
servative surgery with simple hysterectomy (95.1%) compared to other
groups (71.5–84.0%, P < 0.001). Pelvic lymphadenectomy (46.3%)
was less likely to be performed in the aged ≥80 group compared to
other groups (73.6–79.5%, P < 0.001). Even among women who un-
derwent pelvic lymphadenectomy, the extent of lymphadenectomy in
the aged ≥80 group (median sampled nodes 8.5) was significantly less
than other groups (16–22 nodes; P < 0.001). Para-aortic lymphade-
nectomy was rarely performed in the aged ≥80 group (18.3%) com-
pared to nearly half in other groups (45.1–49.7%, P < 0.001). Similar
to pelvic lymphadenectomy, the extent of para-aortic lymphade-
nectomy in the aged ≥80 group (median sampled nodes 3.5) was sig-
nificantly less than other groups (7–12 nodes, P < 0.001).

Postoperative treatment types were examined by age groups
(Table 2). Women in the aged ≥80 group (29.1%) were less likely to
receive postoperative chemotherapy compared to other groups
(68.3–75.3%, P < 0.001). However, among those who received post-
operative chemotherapy, the median cycle of administered che-
motherapy in the aged ≥80 group was six, similar to other groups
(P= 0.60). Women aged ≥80 years (15.2%) were less likely to receive
postoperative radiotherapy compared to younger women (26.4–26.8%,
P= 0.05). For the combination of chemotherapy with radiotherapy,
women aged ≥80 years (64.6%) were more likely to receive no post-
operative therapy compared to younger women (17.3–25.5%,
P < 0.001). Among women who received postoperative che-
motherapy, women in the aged ≥80 group were less likely to receive
anthracycline (8.7%) compared to other groups (13.7–22.1%,
P= 0.019). Women aged ≥80 years were also less likely to receive
ifosfamide (8.7%) compared to younger women (25.7–30.0%), but this
did not reach statistical significance (P= 0.06).

When tumor characteristics were examined by age group (Table 3),
tumors in the aged ≥80 group were more likely to have high-grade
carcinoma (82.9% versus 64.8–74.0%, P= 0.001) and heterologous
sarcoma (54.9% versus 33.2–43.5%, P < 0.001) but less likely to have
LVSI (52.4% versus 59.2–66.1%, P= 0.038) compared to other groups.

Tumors in the aged ≥80 group had a higher proportion of sarcoma
dominance compared to the aged < 60 group (46.3% versus 32.9%,
P= 0.003). Tumor size and stage distribution were similar across the
three groups (both, P > 0.05).

The median follow-up months were 19.3 for the aged ≥80 group,
31.9 for the aged 60–79 group, and 53.2 for the aged < 60 group, re-
spectively (Table 1). During follow-up, survival events occurred in 46,
267, and 116 cases, respectively.

The effects of treatment intervention were examined in each age
group (Table 4). In the aged ≥80 group, pelvic lymphadenectomy was
not associated with survival (PFS, HR 0.82, P= 0.50, Fig. 1A; and CSS,
HR 0.91, P= 0.77). Contrary, pelvic lymphadenectomy was sig-
nificantly associated with improved survival in the aged 60–79 group
(PFS, HR 0.58, P < 0.001, Fig. 1B; and CSS, HR 0.61, P= 0.002) and
in the aged < 60 group (PFS, HR 0.43, P < 0.001, Fig. 1C; and CSS, HR
0.37, P < 0.001). Similarly, in the aged ≥80 group, para-aortic lym-
phadenectomy was not associated with survival (PFS, HR 1.22,
P= 0.61; and CSS, HR 1.30, P= 0.53) whereas this procedure was
associated with improved survival in other two groups (HR ranges: PFS
0.71 and CSS 0.56–0.65).

Postoperative chemotherapy was associated with improved PFS in
the aged ≥80 group (HR 0.44, P= 0.021) and also improved CSS in the
aged ≥80 group but did not demonstrate statistical significance (HR

Table 1
Patient demographics per age group.

Characteristic Aged < 60 Aged 60–79 Aged ≥80 P-value

Subject n= 298 n= 526 n= 82

Race/ethnicity < 0.001
White 85 (28.8%) 161 (31.0%) 38 (50.0%)
Asian 184 (62.4%) 273 (52.6%) 24 (31.6%)
Others 26 (8.8%) 85 (16.4%) 14 (18.4%)

Country < 0.001
USA 119 (39.9%) 255 (48.5%) 59 (72.0%)
Japan 179 (60.1%) 271 (51.5%) 23 (28.0%)

Pregnancy < 0.001
Nullgravid 75 (25.5%) 55 (10.9%) 9 (11.4%)
Multigravid 219 (74.5%) 449 (89.1%) 70 (88.6%)

BMI (kg/m2) 24.1 (IQR 8.9) 25.2 (IQR 8.3) 25.4 (IQR 7.3) 0.48
< 30 215 (74.9%) 374 (74.8%) 61 (80.3%)
≥30 72 (25.1%) 126 (25.2%) 15 (19.7%)

Tamoxifen use 0.06
No 286 (96.6%) 491 (94.1%) 74 (90.2%)
Yes 10 (3.4%) 31 (5.9%) 8 (9.8%)

Prior pelvic radiotherapy 0.49
No 293 (98.3%) 517 (98.3%) 82 (100%)
Yes 5 (1.7%) 9 (1.7%) 0

Prior malignancy 0.11
No 253 (84.9%) 424 (80.6%) 62 (75.6%)
Yes 45 (15.1%) 102 (19.4%) 20 (24.4%)

CA-125 (IU/L) 25 (IQR 47) 22 (IQR 48) 22 (IQR 52) 0.54
< 30 122 (55.7%) 210 (59.3%) 24 (57.1%)
30–124 59 (26.9%) 97 (27.4%) 11 (26.2%)
≥125 38 (17.4%) 47 (13.3%) 7 (16.7%)

Follow-up (months) 53.2 (IQR 61.9) 31.9 (IQR 51.0) 19.3 (IQR 28.0) < 0.001
< 24 117 (39.3%) 269 (51.1%) 59 (72.0%)
≥24 181 (60.7%) 257 (48.9%) 23 (28.0%)

Number (%) per column or median (IQR) is shown. Kruskal-Wallis H test or chi-
square test for P-values. Significant P-values are emboldened. Abbreviations:
IQR, interquartile range; BMI, body mass index; and CA-125, cancer antigen
125.
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0.55, P= 0.13). There was a trend towards an improvement in PFS
with postoperative radiotherapy in the aged ≥80 group (HR 0.41,
P= 0.06) and a significant benefit for CSS (HR 0.29, P= 0.044).
Postoperative therapy (chemotherapy/radiotherapy) was significantly
associated with improved PFS and CSS in the aged 60–79 group (all,
P < 0.05). Similar results were seen for OS (Supplemental Table S1).

Survival outcome was compared across the three groups (Table 5).
In the absence of chemotherapy treatment, women in the aged ≥80
group had significantly decreased PFS compared to the aged 60–79
group (HR 1.62, P= 0.016). Contrary, with chemotherapy treatment,
women in the aged ≥80 group had PFS similar to those in the aged
60–79 group (HR 0.97, P= 0.92). Similarly, with absence of radio-
therapy, PFS was worse in the aged ≥80 group compared to the aged

Table 2
Treatment types per age group.

Characteristic Aged < 60 Aged 60-79 Aged ≥80 P-value

Subject n= 298 n= 526 n= 82

Hysterectomy type < 0.001
Simple 213 (71.5%) 442 (84.0%) 78 (95.1%)
Modified radical 60 (20.1%) 58 (11.0%) 2 (2.4%)
Radical 25 (8.4%) 26 (4.9%) 2 (2.4%)

Pelvic LND < 0.001
No 61 (20.5%) 139 (26.4%) 44 (53.7%)
Yes 237 (79.5%) 387 (73.6%) 38 (46.3%)

Sampled pelvic LND 22 (IQR 23) 16 (IQR 19) 8.5 (IQR 11) < 0.001

Adequate pelvic LND 0.006
No 51 (21.5%) 87 (22.6%) 17 (44.7%)
Yes 186 (78.5%) 298 (77.4%) 21 (55.3%)

Para-aortic LND < 0.001
No 150 (50.3%) 289 (54.9%) 67 (81.7%)
Yes 148 (49.7%) 237 (45.1%) 15 (18.3%)

Sampled para-aortic LND 12 (IQR 21) 7 (IQR 17) 3.5 (IQR 5) < 0.001

Adequate para-aortic LND 0.026
No 10 (6.8%) 27 (11.4%) 4 (28.6%)
Yes 137 (93.2%) 209 (88.6%) 10 (71.4%)

Residual disease 0.84
No 253 (87.8%) 454 (89.2%) 67 (88.2%)
Yes 35 (12.2%) 55 (10.8%) 9 (11.8%)

Postop chemotherapy < 0.001
No 73 (24.7%) 166 (31.7%) 56 (70.9%)
Yes 222 (75.3%) 357 (68.3%) 23 (29.1%)

Chemotherapy cycle* 6 (IQR 2) 6 (IQR 3) 6 (IQR 1–7) 0.60
1–3 45 (20.6%) 89 (25.6%) 5 (22.7%)
4–6 162 (74.3%) 247 (71.0%) 16 (72.7%)
> 6 11 (5.0%) 12 (3.4%) 1 (4.5%)

Postop radiotherapy 0.05
None 216 (73.6%) 382 (73.2%) 67 (84.8%)
VBT alone 13 (4.4%) 12 (2.3%) 0
WPRT ± VBT 65 (22.0%) 128 (24.5%) 12 (15.2%)

Combined < 0.001
None 51 (17.3%) 133 (25.5%) 51 (64.6%)
RT alone 22 (7.5%) 33 (6.3%) 5 (6.3%)
Chemo alone 165 (55.9%) 250 (47.9%) 16 (20.3%)
Both 57 (19.3%) 106 (20.3%) 7 (8.9%)

Platinum 0.014
No 14 (6.3%) 50 (14.1%) 2 (9.1%)
Yes 208 (93.7%) 305 (85.9%) 20 (90.9%)

Taxane 0.97
No 64 (28.8%) 106 (29.7%) 7 (30.4%)
Yes 158 (71.2%) 251 (70.3%) 16 (69.6%)

Ifosfamide 0.06
No 165 (74.3%) 250 (70.0%) 21 (91.3%)
Yes 57 (25.7%) 107 (30.0%) 2 (8.7%)

Anthracycline 0.019
No 173 (77.9%) 308 (86.3%) 21 (91.3%)
Yes 49 (22.1%) 49 (13.7%) 2 (8.7%)

Number (%) per column or median (IQR) is shown. Kruskal-Wallis H test or chi-
square test for P-values. Significant P-values are emboldened. *among those
received chemotherapy with known administered cycle. Abbreviations: IQR,
interquartile range; LND, lymphadenectomy; VBT, vaginal brachytherapy; and
WPRT, whole pelvic radiotherapy.

Table 3
Tumor characteristics per age group.

Characteristic Aged < 60 Aged 60-79 Aged ≥80 P-value

Subject n= 298 n= 526 n= 82

Carcinoma 0.001
Low-grade 105 (35.2%) 137 (26.0%) 14 (17.1%)
High-grade 193 (64.8%) 389 (74.0%) 68 (82.9%)

Carcinoma type < 0.001
Grade 1 endometrioid 53 (17.8%) 56 (10.6%) 7 (8.5%)
Grade 2 endometrioid 52 (17.4%) 81 (15.4%) 7 (8.5%)
Grade 3 endometrioid 100 (33.6%) 114 (21.7%) 17 (20.7%)
Serous 16 (5.4%) 134 (25.5%) 27 (32.9%)
Clear cell 5 (1.7%) 10 (1.9%) 2 (2.4%)
Undifferentiated 8 (2.7%) 22 (4.2%) 2 (2.4%)
Mixed 60 (20.1%) 105 (20.0%) 19 (23.2%)
Others 4 (1.3%) 4 (0.8%) 1 (1.2%)

Sarcoma < 0.001
Homologous 199 (66.8%) 297 (56.5%) 37 (45.1%)
Heterologous 99 (33.2%) 229 (43.5%) 45 (54.9%)

Tumor size (cm) 0.53
< 5 110 (38.3%) 179 (35.0%) 29 (35.4%)
5–9.9 146 (50.9%) 257 (50.2%) 40 (48.8%)
≥10 31 (10.8%) 76 (14.8%) 13 (15.9%)

Sarcoma dominance 0.003
No 196 (67.1%) 286 (55.3%) 43 (53.8%)
Yes 96 (32.9%) 231 (44.7%) 37 (46.3%)

Deep myometrial invasion 0.77
No 151 (51.0%) 277 (53.2%) 41 (50.0%)
Yes 145 (49.0%) 244 (46.8%) 41 (50.0%)

LVSI 0.038
No 101 (33.9%) 214 (40.8%) 39 (47.6%)
Yes 197 (66.1%) 310 (59.2%) 43 (52.4%)

LVSI type 0.21
Carcinoma alone 137 (78.3%) 205 (74.5%) 33 (86.8%)
Sarcoma 38 (21.7%) 70 (25.5%) 5 (13.2%)

Pelvic nodal metastasis 0.84
No 178 (75.1%) 285 (73.6%) 27 (71.1%)
Yes 59 (24.9%) 102 (26.4%) 11 (28.9%)

Para-aortic nodal metastasis 0.79
No 119 (80.4%) 191 (80.6%) 11 (73.3%)
Yes 29 (19.6%) 46 (19.4%) 4 (26.7%)

Stage 0.81
I 146 (49.0%) 257 (48.9%) 42 (51.2%)
II 23 (7.7%) 37 (7.0%) 5 (6.1%)
III 84 (28.2%) 169 (32.1%) 23 (28.0%)
IV 45 (15.1%) 63 (12.0%) 12 (14.6%)

Number (%) per column or median (IQR) is shown. Kruskal-Wallis H test or chi-
square test for P-values. Significant P-values are emboldened. Abbreviations:
IQR, interquartile range; and LVSI, lympho-vascular space invasion.
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60–79 group (HR 1.72, P= 0.002) while PFS were similar between the
two groups with radiotherapy (HR 0.92, P= 0.85). Similar results were
seen for OS (Supplemental Table S2).

4. Discussion

Tumors in the aged ≥80 group exhibit more aggressive character-
istics compared to those in younger groups, with more high-grade
carcinoma, heterologous sarcoma, and sarcoma dominance. These
tumor factors are known to be poor prognostic factors in UCS irre-
spective of patient age [5]. Thus, while older age is known to be an
independent predictor for decreased survival in UCS [18], it is possible
that decreased survival in women aged ≥80 years with UCS is largely
attributed to these aggressive tumor factors.

Additionally, the specific treatment of UCS in the aged ≥80 group
likely contributes to the decreased survival. Women in this age group
were less likely to have radical surgery including comprehensive

lymphadenectomy. Multiple studies have shown that lymphade-
nectomy improves survival in UCS [19–23]. This association was vali-
dated in non-oldest-old groups in our study. In contrast, lymphade-
nectomy was not beneficial for survival in aged ≥80 women. We
speculate that this is because tumors in the aged ≥80 group were more
likely to be sarcoma dominant, which typically metastasizes hemato-
genously and not lymphatically [24]. Moreover, tumors in the aged
≥80 group have a low LVSI rate, which is the major tumor predictor for
nodal metastasis in endometrial cancer [25].

Given that lymphadenectomy did not impact survival coupled with
the potential to minimize surgical mortality in women aged ≥80 years
with UCS, sentinel lymph node biopsy may be a consideration to assess
nodal status. A recent study demonstrated that survival of women with
UCS was similar between sentinel lymph node mapping and compre-
hensive lymphadenectomy [26]. Further prospective study is warranted
to address the role of sentinel lymph node biopsy in elderly with UCS.
Finally, if medically appropriate, the use of minimally-invasive surgery
would be ideal to reduce surgical and postoperative morbidity.

Postoperative therapy is another salient survival factor in UCS
[5,6,18,19]. In our study, chemotherapy use was protective for survival
in women aged ≥80 years. The benefit of chemotherapy also applies to
early-stage disease given the high risk of distant recurrence [6]. There
was a clear trend of chemotherapy choice in women aged ≥80 years,
with ifosfamide and anthracycline rarely used in this population. This is
likely due to the toxicity profiles and infusion schedules that may not be
suitable for older women in general [1]. Based on our results, the most
common chemotherapy choice in women aged ≥80 years was a pla-
tinum agent followed by taxane, which has shown to be active in UCS
and is widely used in this population [27,28]. The vast majority of
women aged ≥80 years (> 70%) who received postoperative che-
motherapy completed 4–6 cycles (median, 6 cycles), suggesting that the
schedule and toxicity are possibly tolerable. Scheduling chemotherapy
for at least four cycles but aiming for six cycles is reasonable. Ad-
ditionally, we respectfully suggest that radiotherapy should be tailored
to the presence of sarcoma factors as suggested in a prior study [6].

Worldwide societies are steadily aging [29,30]. The proportion of
adult aged ≥80 years in the United States has significantly grown from
1.1% in 1950 to 3.8% in 2015 [29]. UCS is typically diagnosed in el-
derly women; our study has shown that nearly one in ten women with
UCS were aged ≥80 years. This implies that UCS has significantly high
proportion of women aged ≥80 years compared to general population.
Moreover, the incidence of UCS per population will be likely increasing
as society aging. Therefore, age-related factors such as comorbidities
and functional status are the key to manage women with UCS.

A strength of this investigation is that it is likely the first to examine
the characteristics and outcomes of women aged ≥80 years with UCS.
The multi-center nature of this study allowed us to examine a large
sample size of oldest-old population. Comprehensive dataset enriched
the analytic quality of the study. There are some limitations to this
study. First, this is a retrospective study, and there may be missing
confounding factors in the analysis. For example, treatment decision
and allocation for surgery, chemotherapy, and radiotherapy were not
able to be abstracted in this study. This is particularly applicable if
lymphadenectomy was performed for grossly abnormal findings.
Second, the median follow-up for women aged ≥80 years was less than
24 months. Given that this is a rare age group in whom life expectancy
is reduced compared to the younger groups, it is not an unexpected
finding; regardless, understanding the outcomes of this advanced-age
cohort is clinically valuable. Lastly, dose reduction or postponement of
postoperative therapy was not examined.

This investigation includes only women who underwent hyster-
ectomy-based surgical treatment, a potential for selection bias when
interpreting the results of this study. We recognize that a considerable
fraction of women aged ≥80 years with UCS may not be medically fit
to undergo surgical exploration. Thus, it is paramount to apply these
findings for women aged ≥80 years with UCS only to those who are

Table 4
Association of survival and treatment intervention based on age group.

Characteristic Progression-free survival Cause-specific survival

HR (95%CI) P-value HR (95%CI) P-value

Aged < 60 Pelvic LND
No 1 1
Yes 0.43 (0.29–0.64) < 0.001 0.37 (0.23–0.58) < 0.001

Para-aortic LND
No 1 1
Yes 0.71 (0.49–1.02) 0.06 0.56 (0.35–0.88) 0.012

Chemotherapy
No 1 1
Yes 0.79 (0.52–1.21) 0.28 0.72 (0.44–1.18) 0.20

Radiotherapy
No 1 1
Yes 0.90 (0.58–1.37) 0.61 0.88 (0.53–1.48) 0.64

Aged 60–79 Pelvic LND
No 1 1
Yes 0.58 (0.45–0.75) < 0.001 0.61 (0.45–0.83) 0.002

Para-aortic LND
No 1 1
Yes 0.71 (0.55–0.90) 0.005 0.65 (0.48–0.87) 0.004

Chemotherapy
No 1 1
Yes 0.72 (0.56–0.93) 0.012 0.64 (0.48–0.86) 0.004

Radiotherapy
No 1 1
Yes 0.72 (0.54–0.95) 0.02 0.64 (0.45–0.91) 0.013

Aged ≥80 Pelvic LND
No 1 1
Yes 0.82 (0.46–1.47) 0.50 0.91 (0.47–1.75) 0.77

Para-aortic LND
No 1 1
Yes 1.22 (0.57–2.64) 0.61 1.30 (0.57–2.99) 0.53

Chemotherapy
No 1 1
Yes 0.44 (0.22–0.89) 0.021 0.55 (0.26–1.18) 0.13

Radiotherapy
No 1 1
Yes 0.41 (0.16–1.04) 0.06 0.29 (0.09–0.97) 0.044

Unadjusted HR is shown. Significant P-values are emboldened. Abbreviations:
HR, hazard ratio; CI, confidence interval; and LND, lymphadenectomy.
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able to undergo primary hysterectomy. Central pathology review of the
archived slides was not performed in this study. Lastly, surgical out-
comes and complications are not available in this database, limiting the
results regarding surgical performance.

Performance status, medical comorbidities such as Charlson Index,
and nutritional factors including albumin levels, and frailty have a well-
recognized impact on surgical outcomes and postoperative therapy.
This information was absent in this study. Mounting evidence suggests

Fig. 1. Survival curves based on lymphadenectomy use.
Log-rank test for P-values. Progression-free survival is shown based on age groups: A) aged ≥80, B) aged 60–79, and C) aged < 60 for pelvic lymphadenectomy.
Abbreviation: LND, pelvic lymphadenectomy.

Table 5
Association of age and survival outcome based on postoperative therapy type.

Characteristic Progression-free survival Cause-specific survival

Chemotherapy (−) Chemotherapy (+) Chemotherapy (−) Chemotherapy (+)

HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value

Aged < 60 1 1 1 1
Aged 60-79 1.62 (1.09–2.40) 0.016 0.97 (0.51–1.83) 0.92 1.71 (1.08–2.70) 0.021 1.45 (0.73–2.85) 0.29
Aged ≥80 0.62 (0.41–0.95) 0.028 0.64 (0.49–0.83) 0.001 0.61 (0.38–0.99) 0.048 0.67 (0.49–0.92) 0.013

Characteristic Radiotherapy (−) Radiotherapy (+) Radiotherapy (−) Radiotherapy (+)

HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value

Aged < 60 1 1 1 1
Aged 60-79 1.72 (1.22–2.42) 0.002 0.92 (0.37–2.28) 0.85 2.13 (1.45–3.13) < 0.001 0.82 (0.26–2.66) 0.74
Aged ≥80 0.60 (0.46–0.77) < 0.001 0.72 (0.46–1.13) 0.15 0.59 (0.44–0.81) 0.001 0.79 (0.46–1.36) 0.39

Unadjusted HR is shown. Significant P-values are emboldened. Abbreviations: HR, hazard ratio; and CI, confidence interval.
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that frailty and not biological age better reflects physical performance
and correlates with surgical outcome and prognosis [9,31,32]. It is
likely that physically-fit women aged ≥80 years have better outcomes
compared to those who are frail in a younger age range. Without an
objective assessment for frailty in our study, this association was not
assessable.

The triad of age-related patient factors, aggressive tumor char-
acteristics, and treatment interventions represents the hallmarks of
management of women aged ≥80 years with UCS. While aggressive
tumor characteristics may warrant more extensive surgery and post-
operative therapy, medical and physical conditions may not allow pa-
tients in the geriatric population to undergo such radical treatment
approaches. Given that women aged ≥80 years who are able to tolerate
adjuvant treatment may have survival similar to younger women,
careful assessment of patient condition and proper adjustment of
treatment regimens is necessary.

Given increasing trends of UCS among endometrial cancer, likely
reflecting aging society, the incidence of UCS may increase in the future
[4]. It is almost certain that women aged ≥80 years will continue to
comprise a significant portion of patients diagnosed with UCS. This
makes it imperative that we further study and accurately characterize
the tumor factors, appropriate treatment approaches, and outcomes of
UCS in the aged ≥80 group.
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