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Simple Summary: Endometrial cancer (EC) incidence is increasing many countries. Potential
reasons for this change include increasing prevalence of risk factors, including high body mass index
and diabetes, and falling hysterectomy rates for benign gynaecological conditions. Recent studies
report increasing prevalence and differences in demography of EC in people from ethnic minority
groups, particularly age at diagnosis and tumour subtype. This study was conducted to describe the
demographic and EC tumour characteristics of White and South Asian ethnicity patients living in the
same geographical region of England (Leicestershire), which is served by a single NHS hospital.

Abstract: Differences in patient demographic and tumour characteristics between patients of South
Asian and White ethnicity diagnosed with an endometrial cancer (EC) and currently living in England
are not well described. We undertook a retrospective study of EC cases diagnosed at the University
Hospitals of Leicester, UK. A total of 1884 cases were included, with 13% of the patients being of
South Asian ethnicity. South Asian women were diagnosed at a significantly younger age (mean age
of 60.3 years) compared to women of White ethnicity (mean age of 66.9 years) with a mean difference
of 6.6 years (95% CI 5.1 to 8.1, p < 0.001). Rising body mass index (BMI) in the White patient group
was significantly correlated with younger age at diagnosis (p < 0.001); however, this association was
not seen in South Asian patients. A linear regression that adjusted for diabetes status, BMI, and the
interaction terms of diabetes status with BMI and ethnicity with BMI, highlighted a younger age
of diagnosis in South Asian patients with a BMI less than 45 kg/m?. The difference was greatest at
lower BMISs for both non-diabetics and diabetics. Further investigation is needed to explain these
differences and to determine their impact on suspected cancer referral criteria.

Keywords: endometrial cancer; South Asian; ethnicity; diagnosis; risk-stratified; referral criteria

1. Introduction

Endometrial cancer (EC) is the most common gynaecological malignancy in the UK,
with over 9700 new cases diagnosed each year [1]. The rising incidence of EC over the past
two decades has been attributed to an increasing number of Type I tumours and linked
with the rising prevalence of obesity [2]. Historically, EC is considered a cancer of older
age, with only a small percentage of cases occurring in the pre-menopausal population,
equating to 6.8% of women less than 50 years old at diagnosis [2]. This age distribution is
reflected in the National Institute for Health and Care Excellence (NICE) referral guidelines
for suspected EC [3], with an age of 55 years being the threshold referral age for a number of
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symptoms, and post-menopausal bleeding (PMB) being the only symptom recommended
to prompt referral in patients under 55 years.

There is increasing evidence of clinical and pathological differences in EC between
different populations, in particular, age at diagnosis [4], histological subtype [5], and sur-
vival [6,7]. Analysis of the EC molecular profile in The Cancer Genome Atlas (TCGA)
database has shown differences in the frequency of commonly mutated EC genes in differ-
ent ethnic groups [8], therefore emphasising the need for a more personalised approach to
EC diagnosis and management.

In the 2013 National Cancer Intelligence Network (NCIN) report Outline of Uterine
Cancer in the United Kingdom [9], Leicester City had the highest age-standardised inci-
dence rate in England, 29.2/100,000, as compared to England as a whole at 19.6,/100,000.
Leicester is an ethnically diverse city with a high proportion of the population identifying
as ‘Indian’ in the 2011 National census [10], in particular, of Gujarati Indian heritage [11].
EC data from the UK have not previously shown a difference in incidence by ethnicity [12];
however, differences have been reported in patients from different South Asian populations,
with a 50% lower incidence noted in patients of Bangladeshi ethnicity, as compared to
Indian, Pakistani, and White ethnicity [13].

Exploring cancer risk between patients from different ethnic populations is acknowl-
edged to be challenging [14] and is often used as a proxy for investigating related genetic,
environmental, and behavioural factors [15]. Cancer incidence soon after migration may
change with increasing duration of time in the country of adoption and subsequent gen-
erations. For example, the incidence of uterine cancer amongst American Asian (Indian)
women is increasing: the annual percentage change between 1990 and 2008 was 3.0 (95% CI
0.3-5.8) [16]. Differences in access to healthcare and medical insurance are also contributing
factors in many countries.

The effect of risk factors for EC are reported to impact different populations to varying
degrees; for example, a lower percentage rise in body mass index (BMI) is associated with
a greater EC risk in Japanese American women compared to other ethnic groups [17]. It is
not known whether the same effect is seen in South Asian populations, although the BMI
thresholds for developing dysglycemia and dyslipidemia in the South Asian population
are reported to be lower than in the White European population [18], and NICE advises
consideration of lower BMI risk thresholds for Black, Asian, and other minority groups [19].

We investigated whether differences exist in the patient and EC characteristics of
patients of South Asian and White ethnicity living in the same geographical region of
England (Leicestershire), which is served by a single NHS hospital.

2. Methods

A retrospective review of all EC cases diagnosed at the University Hospitals of Le-
icester between 2003 and 2018 was undertaken. Permission for the study was given by
the Hospital Audit Team (reference 7146) and the Office for Data Release, Public Health
England (ODR1718_064). Cases were identified from the hospital pathology database and
then checked with UK Cancer Registry data to ensure all cases were identified. Additional
information was available for a subset of patients recruited between January 2016 and
January 2020 to the ‘Identifying a high-risk profile in endometrial cancer’ study, which was
granted ethical approval by the Yorkshire and the Humber-Leeds West Research Ethics
Committee (15/YH/0510). Information was collated from the patients” medical records
on patient characteristics, including age at diagnosis, diabetes status (type I/1I) and med-
ication (including Metformin), ethnicity, measured body mass index (BMI), and tumour
characteristics (histological subtype, grade, and stage). Information on menopausal status,
age at menopause, parity, and waist/hip measurements was available for the subset of
patients, included in the aforementioned study. Cases were staged using the FIGO 2009
classification and grouped according to the ESMO classification [20] into: (i) low-risk;
(if) intermediate and high-intermediate risk; and (iii) high-risk and advanced cases. Cases
of EC recurrence and non-endometrial histology (stromal sarcoma, leiomyosarcoma, tran-
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sitional cell carcinoma, and adenosarcoma) were excluded from the analysis. Patients’
self-designated ethnicity at the time of hospital registration was categorised into White
(including British and Irish) and South Asian (including British Asian, Indian, Pakistani,
and Bangladeshi). Patients from other ethnic groups were excluded from the analysis due
to the small patient numbers.

Statistical Analysis

Statistical analysis was performed using STATA (Version 16.0) (StataCorp LP, College
Station, TX, USA). The association between categorical covariates and ethnicity was as-
sessed using chi-square tests, with an option trend for the ordinal categorical covariates. A
two-sided p-value was reported. Pearson’s correlation coefficient (r) was used to assess the
relationship between the two continuous variables. A two sample T-test was used to com-
pare the continuous outcome between the two groups. Standard deviation (SD) and mean
difference (MD), alongside a two-sided 95% confidence interval (CI) and p-value, were
reported. A linear regression was fitted, using a complete case analysis, to assess the effect
of ethnicity on the age at diagnosis, adjusting for diabetes status and BMI, as well as statis-
tically significant interactions between covariates in the model. Coefficients along with a
two-sided 95% CI and p-value were reported. Metformin use was not included in the model
to avoid the issue of multi-collinearity, as diabetes status and Metformin use are highly
correlated. Interactions between covariates of the model were tested for using a likelihood
ratio test with statistically significant (p < 0.05) interactions being added using stepwise
forward selection. In all analyses, a p-value < 0.05 was considered statistically significant.

3. Results

A total of 1884 cases were included in the main analysis, of which 1633 (87%) were
of White and 251 (13%) of South Asian ethnicity. There were significant differences in the
characteristics of the two groups (Table 1).

Table 1. Patient and tumour characteristics.

White South Asian

. . . . *#
Characteristics Categories (1 = 1633) (1 = 251) p-Value
Mean (SD) 66.9 (11.2) 60.3 (10.9) <0.001
Age at diagnosis in years
Median (IQR) 67 (59, 75) 60 (54, 67) <0.001
Mean (SD) 33.1(8.9) 32.1(7.4) 0.114
BMI in Kg/m? -

Median (IQR) " 32 (26, 39) 31(27,37) 0.443
Below 55 215 (13.2%) 68 (27.1%)

Age group 55-69 739 (45.3%) 139 (55.4%) <0.001
70 and above 679 (41.6%) 44 (17.5%)
Below 30 452 (27.7%) 90 (35.9%)
30-40 416 (25.5%) 101 (40.2%)

BMI grou #

08P 40 and above 255 (15.6%) 42 (16.7%) 0.131
Missing 510 (31.2%) 18 (7.2%)
No 1142 (70.0%) 151 (60.2%)
<0.001 #
Type II Diabetes Yes 233 (14.3%) 88 (35.2%)
Unknown 256 (15.7%) 11 (4.4%)

No 1250 (91.6%) 191 (80.9%)

Metformin use <0.001

Yes 114 (8.4%) 45 (19.1%)
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Table 1. Cont.

Characteristics Categories (,,Vzlli;;g) So(l;t: ;\ssli)an p-Value *#
Endometrioid 1334 (81.7%) 209 (83.3%)
Histological subtype Non-Endometrioid 247 (15.1%) 41 (16.3%) 0.754 #
Unknown 52 (3.2%) 1(0.4%)
Stage I 1140 (69.8%) 195 (77.7%)
Stage II 155 (9.5%) 25 (10.0%)
Stage of cancer Stage Il and IV 198 (12.1%) 20 (8.0%) 01747
Unknown 140 (8.6%) 11 (4.4%)
Grade 1 693 (42.4%) 112 (44.6%)
Grade 2 424 (26.0%) 63 (25.1%)
Grade of cancer Grade 3 428 (26.2%) 72 (28.7%) 07927
Unknown 88 (5.4%) 4 (1.6%)
Low 595 (36.4%) 108 (43.0%)
Intermediate and 281 (17.2%) 43 (17.1%)
Risk group H-intermediate 0.441 #
High/advanced 500 (30.6%) 75 (29.9%)
Unknown/NA 257 (15.7%) 25 (10.0%)
2003-2008 540 (33.1%) 54 (21.5%)
Diagnosis year 2009-2013 553 (33.9%) 84 (33.5%) <0.001
2014-2018 540 (33.1%) 113 (45.0%)

Data are n (%), unless otherwise stated. " Based on patients with available BMI data. * p-values < 0.05 were considered significant.
# p-values of the categorical variables were calculated using chi-square test excluding the unknown/missing. Abbreviations: BMI = Body
Mass Index; SD = standard deviation; IQR = inter-quartile range.

South Asian women were diagnosed at a significantly younger age (mean age 60.3 years;
SD, 10.9) compared to women of White ethnicity (66.9 years; SD, 11.2) (MD = 6.6; 95% CI
5.1to0 8.1, p < 0.001) (Figure 1). Furthermore, the proportion of patients diagnosed below
the age of 55 years was higher in patients of South Asian compared to White ethnicity
(27.1% versus 13.2%), whereas the proportion of patients of White ethnicity that were over
70 years was significantly greater compared to the South Asian group (41.6% versus 17.5%)
(p < 0.001) (Figure 1). The peak age for the White patient group was at 68 years, whereas
for the South Asian patientsit was 61 years, a difference of 7 years.

The prevalence of type II diabetes (14.4% versus 35.5%) and Metformin use (8.4%
versus 19.1%) was significantly higher in the South Asian group (p < 0.001).

The association of BMI with the age at diagnosis was different in the two groups, with
rising BMI in the patients of White ethnicity significantly correlating with a younger age at
diagnosis (r = —0.19, p < 0.001). The negative correlation between BMI and age at diagnosis
remained significant in the White patient group with endometrioid Grade 1 and 2 cases
(r=—-0.20, p <0.001 and r = —0.13, p = 0.02, respectively); however, the correlation was not
significant in endometrioid Grade 3 and non-endometrioid cases (r = —0.11, p = 0.23 and
r = —0.04, p = 0.680, respectively). The correlation between BMI and age at diagnosis was
not seen in the South Asian patients(r = —0.03, p = 0.66). There was a negative correlation
when subdividing the South Asian patients by diabetic status (r = —0.14), but this was not
significant (p = 0.18). Significant differences were seen regarding the age at diagnosis in the
BMI 25-29 kg/m? and BMI 30-39 kg/m? patients between the two groups, with a mean
difference of 7.7 years (95% CI 4.2-11.1 years; p < 0.001) and 6.8 years (95% CI 4.6-8.9 years;
p < 0.001), respectively. The difference was reduced when comparing the BMI > 40 kg /m?
patients, with only a 2.8-year difference (95% CI 0.1-5.6 years) (p = 0.042).
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Figure 1. Distribution of age at diagnosis for women with endometrial cancer. The peak of each ethnicity represents the
mode (vertical dashed line). The peak for the White ethnicity patients was at 68 years while for the South Asian ethnicity
patients it was 61 years.

Stage IA Grade 1 endometrioid EC was the most common diagnosis in both groups
(Table 1). There was no difference in stage at diagnosis, risk classification, histological
subtype (Figure 2), or tumour grade between the groups.
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Figure 2. Histological subtypes of endometrial cancer in the White (1 = 1535) and South Asian (1 = 245) patient groups. Data
presented are percentage of cases for the most common subtypes: EEC1 = endometrioid EC grade 1; EEC2 = endometrioid
EC grade 2; EEC3 = endometrioid EC grade 3; S = serous; CCC = clear cell carcinoma; CS = carcinosarcoma.
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Predcited Age at Diagnosis by linear regression model

The proportion of White ethnicity patients diagnosed in each of the time periods
(2003-2008, 2009, and 2014-2018) was similar, with around a third of diagnoses occurring
in each time period. On the other hand, the proportion of South Asian women diagnosed
increased over the time periods: 21.5%, 33.5%, and 45.0%, respectively. This difference
in year of diagnosis between White and South Asian women was statistically significant
(p < 0.001) (Table 1).

A linear regression model for the outcome of age at diagnosis was fitted. The model
included covariates for ethnicity (White or South Asian), BMI, and diabetes status. Using
stepwise forward selection, interaction terms of BMI with diabetes status and BMI with
ethnicity were selected for inclusion in the model. The likelihood ratio tests gave statistically
significant results of p = 0.01 and p = 0.02, respectively, during the selection process.

Figure 3 displays the difference between the predicted age of diagnosis for White
compared to South Asian patients over differing BMI values for both non-diabetics and
diabetics. For both non-diabetic and diabetic patients with a BMI less than 45, the age
at diagnosis was younger for South Asian compared to White patients; however, this
difference decreased as BMI increased, and for higher values of BMI the confidence intervals
of the predicted age of diagnosis overlap. For both White and South Asian patients with
a BMI less than 45, the age of diagnosis for diabetics was older than for non-diabetics.
The linear regression model resulted in the predicted age of diagnosis decreasing as BMI
increased in non-diabetic White patients, diabetic White patients, and diabetic South Asian
patients; however, predicted age of diagnosis did not change as BMI increased for non-
diabetic South Asian patients. The coefficients of this linear regression model are displayed
in the supplementary material (Table S1).

Predictive Margins of Age at Diagnosis split by ethnicity over BMIand diabetes status with 95% Cls

80

70

60

50

No Yes

— White — South Asian

Figure 3. Predicted age of diagnosis with 95% confidence intervals for White and South Asian patients at different BMI

values spilt by diabetes status (no/yes) from linear regression model. Model fitted based on 1344 patients with complete
data for the variables in the model (920 non-diabetic White patients, 147 non-diabetic South Asian patients, 192 diabetic
White patients, and 85 non-diabetic South Asian patients).



Cancers 2021, 13, 6123

7 of 10

Analysis of a subset of 216 cases (40 South Asian and 176 White ethnicity) confirmed
a significant difference in the age at diagnosis (p = 0.0111) and the prevalence of type II
diabetes (47.5% versus 18.2%; p < 0.0001) (Table S2). There was no difference in waist to
hip ratios in the BMI categories for the two groups (Table S3). Parity was significantly
higher in the South Asian group, with a median of three children (range 0-6) compared
to two children (range 0-7) in the White patient group (p < 0.001). Three patients in each
group reported a previous history of polycystic ovarian syndrome. The percentage of
South Asian patients who were pre-menopausal at diagnosis was more than double that
in the White ethnicity group, with 8 of 40 cases (20%) compared to 16 of 176 cases (9.1%),
(p = 0.048). For the patients who were postmenopausal at the time of diagnosis, there was
no difference in the age of menopause, with a median age of 51 years for both groups
(p = 0.408).

4. Discussion

In this descriptive study, we observed significant differences in the characteristics of
South Asian patients diagnosed with EC as compared to patients of White ethnicity living
in the same geographical region and attending the same NHS hospital. Overall, South
Asian patients were diagnosed with EC 6 years younger compared to women of White
ethnicity. Our finding of a significantly younger age at diagnosis in an Asian population is
not new [4,21]; however, this is the first study to describe the characteristics of co-located
EC patients of South Asian and White ethnicity living in England. The age of menopause is
reported to be lower in Asian as compared to Caucasian populations, at 49.1 years versus
51.4 years [22,23]. Our study showed no difference in the age of menopause between the
two groups who were menopausal at EC diagnosis; however, it did identify that a greater
proportion of South Asian patients were premenopausal at diagnosis (20%), as compared
to the White ethnicity patients (9.1%). This finding has potential implications for accessing
urgent referral pathways since criteria, such as NICE [3], focus on PMB and the threshold
age of 55 years. Further research is needed to investigate the impact of age and ethnicity
on the route to diagnosis, and the effect of a longer time to diagnosis on disease stage in
premenopausal patients.

A possible reason for the younger age at diagnosis is Lynch syndrome [24], and
although we were unable to perform this analysis in this study cohort, we have previously
published on a matched cohort of patients of White/South Asian ethnicity and shown
no difference in the presence of mismatch repair gene mutations between the two groups
(20% versus 30%, p = 0.54) [25]. Lynch syndrome therefore does not appear to explain the
age disparity. Differences in the mutational profile of common genes associated with EC
have also been reported in the cohort of tumours from matched patients of White/South
Asian ethnicity [25]; however, a study of a much larger population would be needed to
investigate whether any particular mutation is associated with a younger age at diagnosis.
The incidence of polycystic ovarian syndrome could be a reason for the age difference, with
an incidence of 3/40 (7.5%) in the South Asian and 3/176 (1.7%) in the White ethnicity
patients in the subgroup; again, further investigation in a larger population is needed to
explore this potential association. Another reason could be due to the difference in age
distribution of the White and South Asian populations in the UK, because the average
age of the Asian/British and Asian/Indian population is lower than the White British
population [10].

Our study showed that BMI in the White ethnicity group was inversely correlated
with age at diagnosis in the Grade 1 and 2 endometrioid histology cases, as has been
shown in other studies [26], but no significant association between age and BMI was
seen in the non-endometrioid or Grade 3 endometrioid cases. Work by Gray et al. has
reported differences in obesity cut-off points between a South Asian population resident in
the UK, 21.5 kg/m? for glycaemic factors (fasting glucose, 2 h glucose and HbA1lc) and
23.9 kg/m? for lipid factors (HDL cholesterol and triglycerides), as compared to 30 kg/m?
for a White European population. Therefore, although there was no difference in the BMI
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levels between the two groups in our study, given the large difference in BMI thresholds, a
greater proportion of the South Asian patients would fall above these thresholds. There also
appears to be an effect from diabetes in the South Asian patients. Studies have previously
shown that the diagnosis of type II diabetes occurs 5-7 years earlier in South Asian patients
as compared to White ethnicity groups, and at a lower BMI [27]. The impact of BMI and
diabetes on EC risk and age at diagnosis therefore raises questions as to their impact on
EC aetiology in the South Asian population, and whether primary prevention weight loss
interventions may have an impact at the population level, particularly among South Asian
groups. Investigation is needed to explore this area further.

The prevalence of type II diabetes was significantly higher in South Asian patient
group, although the usage of Metformin appears to be lower than would be expected and
could have been under-reported. Diabetes is well documented to be a risk factor for EC,
although Metformin use is reported to be associated with a risk reduction of 13% in EC
among patients with diabetes (relative risk 0.87) and improved survival in EC patients
(hazard ratio 0.63) [28], including non-endometrioid EC [29]. Survival data were not
available for our study cohort and further analysis is needed on larger populations to
investigate the impact of diabetes and Metformin on the risk and survival of EC in patients
of South Asian and White ethnicity.

Unlike previous studies, we have shown no difference in the stage at diagnosis
between the South Asian and White patient groups. One reason for this may be that all
patients were treated through the same NHS hospital and were not dependent on health
insurance. There was also no difference in the histological subtypes between the groups,
which would support our previous work showing that the three most commonly mutated
genes in EC are the same in both the White and Asian TCGA populations [8].

We have also shown that the number of cases of EC diagnosed in South Asian patients
in our geographical region is increasing. Further work is needed to determine whether
this reflects a genuine change in age-standardised incidence rates within South Asian
populations, or whether the rise is a result of an increasing, aging, or a demographically
changing South Asian population within Leicestershire. In a previous study, we have
shown that although EC patients of South Asian ethnicity had greater awareness of un-
scheduled vaginal bleeding being associated with a malignancy, they were less aware of
the most common EC risk factors or the suspected cancer referral pathway, as compared
to patients of White ethnicity [30]. Numerous barriers to help-seeking behaviour have
been reported, in particular language [31], which could potentially delay an EC diagnosis;
therefore, raising the awareness of EC and its most common presenting symptoms could
facilitate investigations and encourage detection at the earliest point of contact.

Limitations

Detailed information on menopausal status and age at menopause was only available
for a subset of patients. There were also missing data points in the retrospective data, in
particular BMI, which was not consistently documented in the earlier part of the cohort.
The missing histology and stage data are due to all EC cases being included, as a result
this information was not available for cases that did not undergo surgical management.
Another limitation of this study is that potential confounder/covariates, such as cigarette
smoking, alcohol consumption, dietary intake, physical activity, and family history of EC,
were not available for study participants. The small sample size among the South Asian
group could have had an effect on the estimates from statistical modelling and further
investigations are needed in larger populations to confirm our findings.

5. Conclusions

We have described significant differences in demographic characteristics between
co-located patients of South Asian and White ethnicity diagnosed with EC, in particular
a younger age at diagnosis and a greater proportion of premenopausal cases seen in the
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South Asian patient group. Further investigation is needed to explain these differences and
to determine their impact on suspected cancer referral criteria.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.3
390/ cancers13236123/s1, Table S1: Linear regression of age at diagnosis; Table S2: Characteristics of
subgroup; Table S3: Descriptive statistics of waist:hip ratio by ethnicity for each BMI group.
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