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Background: Obesity is a known risk factor for developing endometrial cancer. However, the association of obesity with endometrial
cancer (EC) outcomes has not been clearly established. This study examined how outcomes in women with early stage EC vary with
body composition measured via computed tomography (CT).

Methods: In this retrospective study, patients diagnosed with EC international Federation of Gynecology and Obstetrics stages I-III
and available CT scans were included. Automatica software was used to assess the areas of visceral adipose tissue, subcutaneous
adipose tissue (SAT), and intermuscular adipose tissue (IMAT) and skeletal muscle area.

Results: Of 293 patient charts assessed, 199 met eligibility criteria. Median body mass index (BMI) was 32.8 kg/m? (interquartile range
[IQ] = 26.8-38.9); 61.8% had histologic subtype endometrioid carcinoma. Adjusted for age, international Federation of Gynecology and
Obstetrics stage, and histologic subtype, a BMI of at least 30 vs less than 30kg/m? was associated with lower endometrial cancer-
specific survival (ECSS) (hazard ratio [HR] = 2.32, 95% confidence interval [CI] = 1.27 to 4.25) and overall survival (OS) (HR = 2.7, 95% CI
= 1.35 to 5.39). Higher IMAT 75th vs 25th percentile and SAT of at least 225.6 vs less than 225.6 cm? were associated with lower
ECSS (HR = 1.53,95% CI = 1.1 to 2.13, and HR = 2.57, 95% CI = 1.13 to 5.88) and OS (HR = 1.50, 95% CI = 1.11 to 2.02, and HR = 2.46, 95%
CI = 1.2 to 5.01), respectively. The association of visceral adipose tissue (75th vs 25th percentile) with ECSS and OS was not statisti-
cally significant (HR = 1.42, 95% CI = 0.91 to 2.22, and HR = 1.24, 95% CI = 0.81 to 1.89).

Conclusion: Higher BMI, IMAT, and SAT were associated with higher mortality from EC and lower OS. A better understanding of the

mechanisms underlying these relationships could inform strategies to improve patient outcomes.

Endometrial cancer (EC) incidence and mortality are increasing
(1,2). Obesity has a key role in endometrial cancer incidence, with
half of cases attributed to being obese or overweight (3-6).

The association between obesity and EC outcomes is not fully
understood. Studies examining the association between obesity
and endometrial cancer mortality have revealed conflicting
results. One potential reason for this is the use of body mass
index (BMI) to measure bode size. BMI fails to distinguish body
composition (ie, percentage visceral and subcutaneous fat and
muscle mass) that is associated with metabolic health and can-
cer outcomes. Therefore, screening by BMI alone could misclas-
sify mortality risk among endometrial cancer patients. Indeed,
the metabolic dysfunction commonly observed among individu-
als with obesity has been associated with obesity-related cancers,
independent of BMI (7-11). Moreover, studies have included popu-
lations predominantly Caucasian with varied distribution of EC
subtypes, leading to inconsistent results, because BMI has a
greater association with type I than type II tumors (9).

Despite the paradoxical association between obesity and EC
outcomes, there is an established positive association between

high BMI and mortality in other cancer types, such as higher mor-
tality in obese breast cancer patients (12).

Distinguishing between body compartments such as visceral
adipose tissue (VAT) and subcutaneous adipose tissue (SAT) is
important as these compartments may have different metabolic
profiles. VAT is metabollically active, increasing the production
of estrogen and secreting adipokines and cytokines that may
result in inflammation, insulin resistance, angiogenesis, and
immune system disregulation (5,13-15). SAT produces adiponec-
tin, an adipokine associated with increased insulin sensitivity
and decreased inflammation, confering the cell antiangiogenic,
anti-inflammatory, and inhibitory properties (14,16,17). Different
metabolic profiles have been used, for instance, in the recogni-
tion of sarcopenia and higher risk of death in other cancer sites,
such as nonmetastatic breast cancer but, to our knowledge, those
different metabolic profiles have not been studied in early stage
EC (18).

Computed tomography (CT) and magnetic resonance imaging
are the current standards for quantifying visceral adiposity and
muscle mass (19,20). In EC populations, one study used CT in
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patients with advanced or recurrent EC (21), and another used
magnetic resonance imaging for characterization of body compo-
sition in patients with early stage EC (22). These studies suggest
that visceral adiposity may be an important prognostic factor in
EC (21,22). However, the association of other measured body
composition components, namely, SAT, intermuscular adipose
tissue (IMAT), and skeletal muscle area (SMA), with outcomes is
not well understood. The purpose of this study was to investigate
the association between body composition, BMI, and outcomes in
patients with nonmetastatic EC. The main hypothesis was that
higher VAT would be associated with shorter EC-specific survival
(ECSS) and that higher levels of adipose tissue would be related
to worse outcomes.

Methods

This retrospective cohort study analyzed data from patients
recently diagnosed with early stage EC (stage I-III) at the London
Regional Cancer Program, London Health Sciences Center, in
London, Ontario, Canada, from January 2010 to December 2020.
Inclusion criteria included adults (aged 18years or older), histo-
logically confirmed EC, and an abdominal and pelvic CT scan
available for determination of body composition (within 90 days
prior or after surgery). Of 293 patient charts assessed, 199
patients met the eligibility criteria.

The original protocol and all amendments were approved by
the Western University Health Science research ethics board in
2020. The study was conducted in accordance with the protocol.
No written informed consent was needed as all data were de-
identified and retrospective. All de-identified data were collected
by investigators and associated site personnel, analyzed by the
statistician, and interpreted by the authors. All authors partici-
pated in reviewing and editing the manuscript, approved the sub-
mitted draft, and attested that the study was conducted in
accordance with the protocol.

Data collection included age, height, weight, stage of EC (using
the American Joint Committee tumor-node-metastasis staging
and the international Federation of Gynecology and Obstetrics
[FIGO] systems), tumor grade, histologic subtypes, date of recur-
rence and death, cause of death, and treatment type (chemother-
apy, radiation, and/or surgery). BMI was calculated from height
and weight measured objectively by clinic staff at diagnosis.
Baseline CT scans were used to measure SAT, VAT, SMA, and
IMAT. Measurements were taken from a single abdominal cross-
sectional slide at the third lumbar area, which is correlated to
body size (23), and images were analyzed using a validated auto-
matic software called Automatica (17). SAT, VAT, IMAT, and SMA
were quantified as surface area in squared centimeters as illus-
trated in Figure 1.

The primary endpoint was EC-specific survival (defined as
time from EC diagnosis to death from EC). Secondary endpoints
included endometrial distant recurrence-free survival (EDRFS;
defined as the length of time from initial diagnosis to distant
recurrence), and overall survival (OS; defined as time from the
date of diagnosis to death from any cause).

The SAT area makes up the outer part of the CT image, and in
some cases, the SAT area on the image was partially truncated.
The degree of truncation was classified as clinically significant
(n=139), slightly significant (n=78), or no significant (n==382) by
visual inspection of the images by 2 observers. Truncation was
not random but tended to happen in larger women (mean BMI in
the 3 groups were 43, 34, and 29kg/m?). All cases with significant
truncation had a truncated SAT area measured at 225.6 cm? or

larger. Because their untruncated areas would be even larger,
their SAT areas could be accommodated in a categorical variable
with high (>225.6 cm?) vs low (<225.6 cm?) categories. Overall,
approximately 75% of observations were assigned to the high
SAT group (39 significantly truncated, 64 slightly truncated, and
44 untruncated cases).

Correlations among age, body composition variables, FIGO,
and histologic subtype were calculated as follows: among the
continuous variables age, BMI, VAT, IMAT, and SMA, Pearson cor-
relations; between continuous and binary variables, point biserial
correlations; among binary variables, phi coefficients. Kaplan-
Meier survival plots were constructed for ECSS, OS, and EDRFS.
Multivariable Cox proportional hazards models were used to
examine the association of BMI, VAT, SAT, IMAT, and SMA with
the survival outcomes, adjusted for the prognostic factors age,
FIGO stage with categories I vs II and III, and histologic subtype
with categories low risk (endometrioid) vs high risk (other).
Hazard ratios (HRs) and 95% confidence intervals (Cls) for the
continuous variables VAT, IMAT, and SMA were calculated at the
75th vs the 25th percentile (Pys vs Pys) of each variable’s distribu-
tion, namely VAT 220 vs 94 cm?, IMAT 25 vs 10 cm?, and SMA 135
vs 103 cm® BMI was entered categorically into the regression
model as obese (BMI >30kg/m?) vs nonobese (BMI < 30kg/m?) as
was SAT with categories high (>225.6 cm?) vs low (<225.6 cm?).
In secondary analyses, we tested for effect modification by each
of age, FIGO stage, and histologic subtype. These effect medica-
tion tests were performed by fitting survival models that include
an interaction term for the body composition variable by the
effect modifier. The Wald-type P value corresponding to the
interaction term was reported.

The main hypothesis and outcome of the study were prespeci-
fied. Confidence intervals were provided, and effect sizes
taken into account, and P values of at least .05 were taken as a
guide to statistical significance, and no adjustment were
made for multiple comparisons. Analyses were performed in
S-PLUS 6.2.

Results

A total of 293 patient charts were assessed. Of these, 199 patients
met the eligibility criteria (Figure 2). The median age was 65 years
(interquartile range [IQR] = 58-71 years). By the FIGO staging sys-
tem, 121 (60.8%) patients had stage I disease, 28 (14.1%) had stage
II disease, and 50 (25.1%) had stage III disease. The median BMI
was 32.8 kg/m? (IQR = 26.8-38.9) with 58.8% classified as obese.
The most common histologic subtype was endometrioid carci-
noma with 123 (61.8%) patients, followed by serous adenocarci-
noma with 43 (21.6%) and carcinosarcoma with 19 (9.5%) (see
Table 1).

The distributions of VAT, IMAT, and SMA area were fairly
symmetric (Table 2). The mean values of VAT area, IMAT area,
and SMA area were 158 (90.1) cm?, 19.2 (12.4) cm?, and 121.3
(22.9) cm?, respectively. Low (<225.6 cm?) SAT area and high
(>225.6 cm?) SAT area were present in 52 (26.1%) and 147 (73.9%)
cases.

Age was moderately correlated with increased IMAT (r=0.4)
and decreased SMA (r=-0.4) (Table 2). BMI correlated strongly
with markers of adiposity (r=0.7 for VAT, r=0.6 for SAT, and
r=0.5 for IMAT) and with SMA (r=0.6). SAT and VAT correlated
strongly with each other (r=0.6), and each of SAT and VAT corre-
lated moderately with IMAT (r= 0.4 for both). SMA also correlated
strongly with VAT (r=0.5) and moderately with SAT (r=0.3).
FIGO stage and histologic subtype risk level were weakly but
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Figure 1. Women with similar BMI and ages but different body compositions. BMI for each is 22 kg/m?. Compared with (A), (B) has more SAT (blue), VAT
(yellow), and IMAT (green) and less SMA (red). Patient ages are 59 and 58 years, respectively. Body measurements in cm? are SAT 54 vs 124, VAT 19 vs
24, IMAT 3 vs 7, and SMA 110 vs 92, respectively. BMI = body mass index measured in kg/mz; IMAT = intermuscular adipose tissue; SAT =
subcutaneous adipose tissue; SMA = skeletal muscle area; VAT = visceral adipose tissue.

Patients identified throughout database (n=2211)

Identified cases (n=293)

»  CT not done within 90 days of surgery (n=1918)

CT not available electronically (n=29)

Records screened (n=260)

or not usable (n=4)

Records excluded (n=61)

Eligible cases (n=199)

Number of cases included in the analyses (n=199)

Figure 2. Patient flow. CT = computed tomography.

negatively correlated with BMI, VAT, and SMA (-0.2<r < —0.1)
and were uncorrelated with age and IMAT (0 <7< 0.07). In partic-
ular, 64% of FIGO stage [ patients were obese vs 50% of FIGO stage
Il and III patients.

The median follow-up times for ECSS, OS, and EDRFS were
4.2 years, 4.5years, and 3.3 years, respectively. Of 199 patients, 49
(24.6%) died from any cause, and 39 (79.6%) died from EC. EC
recurred in 47 (23.6%) patients; 39 of 47 patients had distant
recurrences. ECSS, OS, and EDRFS at 5years were 76%, 72%, and
70%, respectively (Figure 3).

Cox proportional hazards models were used to model the rela-
tionship between body composition and the survival outcomes
(Table 3). When adjusted for age, FIGO stage and histologic sub-
type, the hazard ratio of VAT (P;s vs Pys) for EC death was 1.42

* Metastatic disease (n=14)

e Uterine sarcoma (n=9)

* Died before any treatment (n=2)

e Patients did not have surgery (n=6)

* Second primary within 5 years (n=30)

(95% CI = 0.91 to 2.22), which at a P value equal to .12 was not
statistically significant. However, obesity, SAT (high vs low), and
IMAT (Pys vs Pys) were associated with lower ECSS (HR =1.73, 95%
CI = 1.16 to 2.57; P=.0067; HR=2.57, 95% CI = 1.13 to 5.88;
P=.025; and HR=153, 95% CI = 11 to 2.13; P=.012,
respectively). Similar results were obtained for OS as for ECSS.
None of the body composition relationships with EDRFS was stat-
istically significant.

When effect modification models were fitted for the body
composition variables with each of FIGO, histologic subtype, and
age, it was found that higher IMAT was strongly associated with
reduced survival for FIGO stage I but not for higher FIGO stages.
For FIGO stage I, the IMAT hazard ratio related to ECSS was 3.60
(95% CI =1.9 to 6.83; P=.0001; vs HR=1.18, 95% CI = 0.78 to 1.79;
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P = .44 for FIGO stage II and III; Pipteraction =.0033). A similar pat-
tern with slightly lower hazard ratios was seen for OS and EDRFS
(Table 4).

Discussion

In this hospital-based retrospective cohort study among females
recently diagnosed with early stage EC (stage I-1II) in Canada, we
found that higher IMAT and higher SAT were associated with
lower ECSS and OS, and BMI was associated with lower OS and
ECSS when adjusted by age, FIGO stage, and histology. In contrast
to our hypothesis, we did not find an association between VAT
and survival as shown by Celik et al. (22). In this study, we could
not demonstrate a positive association among higher BMI, SAT,
IMAT, or SMA and higher relapse rates. This could possibly be

Table 1. Patient characteristics®

Patient characteristics (n =199)

Age median (IQR), y 65 (58-71)
BMI, median (IQR), kg/m? 32 8 (26.8-38.9)
<30 82 (41.2%)
>30 117 (58.8%)
AJCC stage, No. (%)
I 122 (61.3)
i 26 (13.1)
i 51 (25.6)
FIGO stage, No. (%)
I 121 (60.8)
i 28 (14.1)
1 50 (25.1)
Histologic subtype, No. (%)
Endometrioid 123 (61.8)
Carcinosarcoma 19 (9.5)
Clear cell carcinoma 10 (5)
Serous carcinoma 43 (21.6)
Undifferentiated or dedifferentiated carcinoma 4(2.0)
Received adjuvant chemotherapy, No. (%)
No 149 (74.9)
Yes (carboplatin and paclitaxel, n=49; 50 (25.1)
cisplatin and ifosfamide, n=1)
Received adjuvant radiation, No. (%)
No 61(30.7)
Yes 133 (66.8)
Unknown 5(2.5)

® AJCC = American Joint Committee tumor-node-metastasis staging; BMI =
body mass index; FIGO = International Federation of Gynecology and
Obstetrics systems; IQR =interquartile range.

explained by lack of power because of the somewhat shorter
follow-up for distant recurrences.

Potential explanations for the relationship between body com-
position and cancer outcomes are the effect of body composition
on estrogen levels, inflammation, and oxidative stress (24,25).
Obese individuals tend to have higher levels of estrogen and a
decrease in sex hormone-binding globulin, a protein that binds to
and inactivates estrogen. This increase in estrogen may stimulate
the growth of EC cells and contribute to the higher risk and
poorer outcomes seen in obese individuals with the disease (26).
Furthermore, obesity is associated with an increase in chronic
low-grade inflammation, which has been linked to an increased
risk of cancer. It is thought that the pro-inflammatory cytokines
and adipokines released by fat cells may stimulate the growth
and spread of cancer cells. Finally, obesity may also increase oxi-
dative stress, which can damage DNA and contribute to the
development and progression of cancer (27,28).

This study found that markers of adiposity (SAT, VAT, and
IMAT) correlated with each other, with BMI, and with SMA, cor-
roborating findings by de Paula and Chaves. (29). Furthermore,
aligning with previous longitudinal research showing that skele-
tal muscle mass and strength tends to decline with age (30), this
study found that age correlated positively with IMAT and nega-
tively with SMA and BMI highlighting the importance of age as a
prognostic parameter in patients with EC (31).

In this study, higher BMI was associated with higher mortality
from EC and lower OS. The findings of this study are supported
by data shown by Calle et al. (8) in a prospective study in which
women with EC and a BMI of at least 40kg/m? had a relative risk
of death of 6.25. Additionally, Kokts-Porietis et al. (9) showed in a
recent meta-analysis that in patients with EC and a BMI of at
least 30kg/m? (compared with BMI < 30kg/m?), there was an
association with increased all-cause mortality (HR = 1.34, 95%
Cl=1.12 to 1.59) and recurrence (HR = 1.28, 95% CI = 1.06 to 1.56).

Muscle quality, measured not only as skeletal muscle loss
(sarcopenia) but also with muscle fat deposition, has gained rele-
vance for investigation purposes in cancer patients (32).
However, to our knowledge, this has not been studied yet in EC
populations. Our study is the first to find a statistically significant
association between IMAT and poorer ECSS and OS in patients
with early stage EC. Furthermore, an effect modification model
using FIGO stage indicated that higher IMAT is statistically signif-
icant for lower ECSS and OS, specifically when FIGO stage is I.
This should be studied in a larger cohort.

Table 2. Summary statistics and correlations for age and body composition variables including correlations with FIGO stage and

histologic subtype®
Age BMI VAT SAT IMAT SMA

Variable Mean (SD) Median (IQR) r P r p r p r p r P r P
Age 65.2 (9.8) 65 (58-71) -0.1 0.081 00 086 0.0 0.64 0.4 <.0001 -0.4 <.0001
BMI 33.6(9) 32.8(26.8-33.9) -0.1 0.081 0.7 <.0001 0.6 <.0001 0.5 <.0001 0.6 <.0001
VAT 158 (90.1) 154 (94-220) 0.0 086 0.7 <.0001 0.6 <.0001 0.5 <.0001 0.6 <.0001
SAT Low: 52 (26.1%) High: 147 (73.9%) 0.0 0.64 0.6 <.0001 0.6 <.0001 0.4 <.0001 0.3 <.0001
IMAT 19.2 (12.4) 15.9(10.1-24.6) 0.4 <.0001 0.5 <.0001 04 <.0001 0.4 <.0001 0.1 041
SMA 121.3(22.9) 119 (103-135) -0.4 <.0001 0.6 <.0001 0.5 <.0001 0.3 <.0001 0.1 041
FIGO stage I, I and III 0.04 06 -0.14 0.044 -0.13 0.059 -0.16 0.29 0.01 85 004 6
Histologic subtype levels 0.07 032 -0.16 0.024 -0.17 0.014 -0.19 .0067 -0.005 049 0.07 0.32

low risk, high risk

# r=Pearson correlation, p = P value for null hypothesis that r = 0, BMI = body mass index; FIGO = International Federation of Gynecology and Obstetrics

systems; IMAT = intermuscular adipose tissue; IQR = interquartile range; SAT = subcutaneous adipose tissue; SMA = skeletal muscle area; VAT = visceral adipose
tissue.
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Figure 3. Kaplan-Meier estimates of ECSS, OS, and EDRFS. ECSS = endometrial cancer-specific; EDRFS = endometrial distant recurrence-free survival;

OS = overall survival.

Table 3. Multivariable Cox models for body composition variables and ECSS, OS, and EDRFS*

ECSS 0s EDRFS
Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P
BMI (>30 vs <30) 2.32 (1.27-4.25) 0067 2.7 (1.35-5.39) .005 1.17 (0.61-2.24) 64
VAT (Pys vS Pys)° 1.42 (0.91-2.22) 12 1.24 (0.81-1.89) 32 1.20 (0.75-1.91) 46
SAT (high vs low)® 2.57 (1.13-5.88) 025 246 (1.2-5.01) 013 1.59 (0.75-3.35) 23
IMAT (P;5 Vs Pys)° 1,53 (1.1-2.13) 012 1.50 (1.11-2.02) 0078 1.31(0.93-1.85) 12
SMA (P75 VS Pys)° 1.50 (0.94-2.41) 091 1.33(0.83-2.12) 24 1.11 (0.66-1.87) 69

a

Each model was adjusted for age, FIGO, and histologic subtype. BMI = body mass index; CI = confidence interval; ECSS = endometrial cancer-specific survival;

EDRFS = endometrial distant recurrence-free survival; FIGO = FIGO.International Federation of Gynecology and Obstetrics systems; HR = hazard ratio; IMAT =
intermuscular adipose tissue; OS = overall survival; SAT = subcutaneous adipose tissue; SMA = skeletal muscle area; VAT = visceral adipose tissue.

 High SAT defined as SAT area > 225.6 cm?.

Pys, P75 = 25th and 75th percentiles of the variable’s distribution, respectively.

Table 4. Multivariable model for IMAT with interaction that lets IMAT differ by FIGO stage status®

ECSS 0s EDRFS
Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P
Pinteraction 0033 .005 0.025

IMAT (P55 Vs P,s) when FIGO stage =I 3.60 (1.9-6.83) .0001 2.80 (1.67-4.68) .0001 2.65 (1.34-5.23) 0049
IMAT (P;5 Vs P,s) when FIGO stage =II and I1I 1.18 (0.78-1.79) 44 1.15 (0.78-1.70) 48 1.10 (0.73-1.66) 65

a

Model was further adjusted for age and histologic subtype. CI = confidence interval; ECSS = endometrial cancer-specific survival; EDRFS = endometrial

distant recurrence-free survival; HR = hazard ratio; IMAT = intermuscular adipose tissue; OS = overall survival.

Sarcopenic obesity is known to be a poor prognostic factor in
cancer (33). However, there is considerable heterogeneity defining
sarcopenic obesity in the literature. The association of IMAT with
SMA and age and the poor outcomes found in this study makes
IMAT a candidate to be used in the assessment of sarcopenic obe-
sity. Increased IMAT is associated with inflammation, insulin
resistance, and functional deficit in skeletal muscle. Moreover,
IMAT levels are dependent on age and independent of BMI
(34,35). IMAT may be associated with leptin and C-reactive pro-
tein expression (36); however, further studies are needed to char-
acterize the specific secretory profile of IMAT and its use as an
index for sarcopenic obesity.

Early identification of sarcopenia in cancer patients is needed.
There is a relationship with low lean mass and poorer treatment

tolerance, impaired quality of life, and reduced survival in cancer
populations (37,38). Early intervention with multimodal and mul-
tidisciplinary approaches might counteract the multifactorial
nature of cancer-related sarcopenia thus improving cancer out-
comes. In addition, the role of metabolic changes in cancer
pathogenesis and the contribution of obesity, insulin resistance,
and adipocytokines in the increased risk of cancer recurrence
and death have been demonstrated (15,39,40). In this study, we
conducted anthropometric measurements at diagnosis but did
not correlate them with metabolic markers. Thus, a limitation in
this study is that it is unknown whether anthropometric meas-
urements combined with metabolic factors (such as circulating
levels of high-sensitivity C-reactive protein, tumor necrosis factor
alpha, interleukin 6, plasminogen activator inhibitor 1,
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adiponectin, C-peptide, insulin, and leptin) are better prognostic
markers compared with body composition alone and how meta-
bolic factors could have affected our observations.

Another limitation is that the SAT area on some images was
partially truncated. By categorizing SAT, we retained all the cases
in the study at the cost of reduced power and a somewhat arbi-
trary cut-point. However, excluding the truncated points would
also reduce power and may introduce bias by preferentially
excluding higher BMI patients. We also had a shorter follow-up
(<5years) and will continue to follow this cohort.

In conclusion, higher BMI, IMAT, and SAT were associated
with higher mortality from EC and lower OS. This study did not
show an association of anthropometric variables with EDRFS.
The aim of the study was to explore biological factors that could
point to mechanisms of action rather than change clinical prac-
tice. Future studies may consider assessing the association of
anthropometric measurements and metabolic alterations in
ECSS, OS, and EDRFS in early stage EC, as well as the association
of body composition according to new molecular classifications
in EC, which may provide additional insight in the field of obesity
and cancer outcomes.
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