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Objective. To determine whether comorbidity independently affects overall
survival in women with uterine corpus cancer. Design. Cohort study. Setting. Denmark. Study population. A total of 4244 patients registered in the
Danish Gynecologic Cancer database with uterine corpus cancer from 1 January
2005 until 13 October 2011. Methods. All patients included in the study were
assigned a comorbidity score according to the Charlson Comorbidity Index.
Multivariate survival analyses were performed to investigate the prognostic
impact of comorbidity adjusting for known prognostic factors. As performance
status might capture the prognostic impact of comorbidity and because information on the variable grade was missing in some special histological subtypes,
we included different models in the multivariate analyses with and without PS
and grade, respectively. Main outcome measures. Overall survival. Results. Univariate survival analysis showed a significant (p < 0.001) negative association
between increasing level of comorbidity and overall survival. Multivariate
analyses adjusting for other prognostic factors showed that comorbidity is a
significant independent prognostic factor with hazard ratios ranging from 1.27
to 1.42 in mild, 1.69 to 1.74 in moderate, and 1.72 to 2.48 in severe comorbidity. Performance status was independently associated to overall survival and was
found to slightly reduce the prognostic impact of comorbidity. Conclusion. Comorbidity is an independent prognostic factor in uterine corpus cancer
and increasing levels of comorbidity are associated with shorter survival.
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Key Message
Introduction
Uterine corpus cancer is the most common malignancy
of the female genital tract, and the 5-year survival is
approximately 75% (1). Endometrial carcinoma (EC)
accounts for 95% of the malignant tumors in the uterine
corpus. The remaining 5% are sarcomas. Tumor stage has

Comorbidity classified according to the renowned
Charlson Comorbidity Index is an independent prognostic factor in uterine corpus cancer. This significant
finding demonstrates the need for individualized
treatment strategies when treating cancer patients
with comorbidity.
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been demonstrated to be the most important prognostic
factor in uterine corpus cancer. However, tumor grade,
histology, and age are also factors found to influence survival significantly (2,3).
Comorbidity, defined as the presence of other diseases
not related to the index disease, is another possible prognostic factor that should be considered. Comorbidity has
been shown to be a significant prognostic factor in indolent cancer types such as breast cancer and prostate cancer, but the evidence of comorbidity as a prognostic
factor in uterine corpus cancer is limited (4,5).
Existing studies of comorbidity in uterine corpus cancer have been conducted among patients with EC and
most of those studies have focused exclusively on medical
comorbidities associated with the metabolic syndrome
(obesity, diabetes mellitus, cardiovascular disease, hypertension). Results suggest that comorbidity related to the
metabolic syndrome might be an important prognostic
factor in EC (6–9). There is, however, a need for further
investigations to clarify if comorbidity classified according
to a validated comorbidity index is prognostic in all subtypes of uterine corpus cancer.
The objective of this study was to determine whether
comorbidity has an impact on the survival of women
diagnosed with uterine corpus cancer when adjusting for
other prognostic factors.

Material and methods
This cohort study was based on data from the Danish
Gynecologic Cancer Database (DGCD), which is a
nationwide clinical database. The DGCD contains data
from 97% of Danish patients diagnosed with gynecological cancers since 1 January 2005. For each patient,
detailed clinical information on preoperative biopsy
diagnosis and patient characteristics including comorbidity are registered. The information on comorbidity is
based on a specially developed questionnaire filled out
by the patient with the help of the gynecologist upon
referral to a specialized gynecological department. This
method ensures that registration of comorbidity in the
DGCD is based on active secondary diseases affecting
the daily life of the patient. Information on the surgical
procedure, final pathology, and complications are also
registered in the database. Only patients with final registration and validation were included. The study was
approved according to rules of the Danish Medical
Committee concerning the use of data for register-based
studies, and the DGCD is approved by the Data Protection Agency.
We identified 4722 patients registered with uterine
neoplasia in the DGCD from 1 January 2005, until the
end of the follow-up period on 13 October 2011. Patients
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with atypia where excluded (n = 416), as well as patients
with missing date of surgery (n = 25) and patients lost to
follow-up (n = 37). Hence, a total of 4244 cases of uterine corpus cancer were included in the study population.
The outcome measure was overall survival (OS) defined
as time from date of surgery to death from any cause or
to the end of the follow-up period. For varying reasons,
183 patients did not undergo primary surgery, and for
these patients, the date of decision about refraining from
surgery was used as the starting point.
The Charlson Comorbidity Index (CCI) is one of the
most well-known and validated methods for classifying
comorbidity (10–12). Table 1 shows the translation of
comorbidity registered in the DGCD to a modified version of the CCI and the correlating comorbidity score.
An overall Charlson comorbidity score (CCS) for each
patient was calculated, and patients were stratified into
groups with no (CCS = 0), mild (CCS = 1), moderate
(CCS = 2), or severe (CCS ≥ 3) comorbidity. A total of
19 conditions registered in DGCD were not found to correlate with any of the conditions included in the CCI.
Patient with these diagnoses were therefore considered to
have non-prognostic comorbidity and were assigned a
CCS of 0. Information on non-prognostic comorbidity is
presented in Table 2.
The International Federation of Gynecology and
Obstetrics (FIGO) stage classifications were used for both
EC and sarcoma. In 2009, FIGO published a revised version of the stage classification for EC. Because most
patients with EC included in the present study were registered according to the old FIGO stage classification, we
classified all EC patients according to the old FIGO stage
classification.
Histology was classified into the following categories:
endometrial adenocarcinoma, clear cell adenocarcinoma,
carcinoma (including carcinosarcoma), sarcoma and rare
types.
Adenocarcinomas were categorized according to grade:
the categories were highly differentiated cells (Grade 1),
moderately atypical cells (Grade 2) and undifferentiated
cells (Grade 3). Other histological subtypes are according
to guidelines only graded to a very limited extent. This
explains the missing information on grade in almost
11% of the tumors. The nutritional status of the patients
was classified with the body mass index (BMI) according
to the WHO definition: underweight (BMI ≤ 18.5), normal weight (18.5 > BMI ≤ 25), and overweight/obesity
(25 > BMI). The category residual tumor describes the
presence of macroscopic residual tumor tissue after surgery and the categories were no macroscopic residual
and macroscopic residual tumor. The Eastern Cooperative Oncology Group’s scale for performance status was
used (13).
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Table 1. Translation of secondary diagnosis in the DGCD to a comorbidity score according to the CCI.
Secondary diagnosis
registered in the DGCD

ICD-10 code correlating to condition in the CCI

Condition in the
original CCI

Comorbidity
score

Myocardial infarct
Congestive heart failure
Universal arteriosclerosis
Arteriosclerosis in cardiac
vessels
Dementia
Asthma chronic bronchitis
COLD
Unspecified arthritis

I21.x, I22.x, I25.2
I09.9, I11.0, I13.0, I13.2, I25.5, I42.0,I42.5–I42.9, I43.x, I50.x, P29.0
I70.x, I71.x, I73.1, I73.8, I73.9, I77.1, I79.0, I79.2, K55.1, K55.8,
K55.9, Z95.8, Z95.9

Myocardial infarction
Congestive heart failure
Peripheral vascular
disease

1
1
1

F00.x–F03.x, F05.1, G30.x, G31.1
I27.8, I27.9, J40.x–J47.x, J60.x–J67.x, J68.4, J70.1, J70.3

1
1

Liver disease:a
Alcoholic liver disease
(unspecified)
Acute and sub acute liver
insufficiency
Not registered in the DGCDb
Cerebral infarct and
hemiplegiac
Diabetesd

B18.x, K70.0–K70.3, K70.9, K71.3–K71.5, K71.7, K73.x, K74.x,
K76.0, K76.2–K76.4, K76.8, K76.9, Z94.4
I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, K72.1, K72.9, K76.5, K76.6,
K76.7

Dementia
Chronic pulmonary
disease
Connective tissue
disease
Liver disease (mild and
moderate/severe)

Ulcer disease
Cerebral vascular
disease and hemiplegia
Diabetes with and
without end organ
damage

1
1

Moderate or severe
renal disease
Any tumor including
leukemia and
lymphoma

2

Metastatic solid tumor
AIDS

6
6

Chronic kidney insufficiency
Non-uterine cancer disease
including leukemia and
lymphomae
Other metastatic cancere
HIV and AIDS

M05.x, M06.x, M31.5, M32.x–M34.x, M35.1, M35.3, M36.0

K25.x–K28.x
G45.x, G46.x, H34.0, I60.x–I69.x
G04.1, G11.4, G80.1, G80.2, G81.x, G82.x, G83.0–G83.4, G83.9
E10.0, E10.1, E10.6, E10.8, E10.9, E11.0, E11.1, E11.6, E11.8,
E11.9, E12.0, E12.1, E12.6, E12.8, E12.9, E13.0, E13.1, E13.6,
E13.8, E13.9, E14.0, E14.1, E14.6, E14.8, E14.9
E10.2–E10.5, E10.7, E11.2–E11.5, E11.7, E12.2–E12.5, E12.7,
E13.2–E13.5, E13.7, E14.2–E14.5, E14.7
I12.0, I13.1, N03.2–N03.7, N05.2–N05.7, N18.x, N19.x, N25.0,
Z49.0–Z49.2, Z94.0, Z99.2
C00.x–C26.x, C30.x–C34.x, C37.x–C41.x, C43.x, C45.x-C53x,
C56–C58.x, C60.x–C76.x, C81.x–C85.x, C88.x, C90.x–C97.x
The codes for uterine cancer C54x-C55x has been excluded in
our study of comorbidity.
C77.x–C80.x
B20.x–B22.x, B24.x

1
1

1

2

DGCD, Danish Gynecological Cancer Database; CCI, Charlson Comorbidity Index; COLD, Chronic obstructive lung disease; CCS, Charlson comorbidity score; ICD-10, International Classification of Diseases 10th revision.
a
The original CCI contains the category “moderate or severe liver disease,” which correlates with a CCS of 3. In the DGCD, only the presence of
liver disease but not the severity of the disease has been registered. Hence, all patients with liver disease have been assigned a CCS of 1 in our
study.
b
Peptic ulcer disease has not been registered separately in the DGCD, and patients with gastrointestinal diseases in our study have been assigned
a CCS of 0.
c
The condition hemiplegia correlating with a CCS of 2 in the original CCI has not been registered separately in the DGCD. Patients with this complication with cerebral infarction are therefore included in the category “cerebrovascular disease” and assigned a CCS of 1 in our study.
d
The original CCI distinguishes between “diabetes” correlating with a CCS of 1 and “diabetes with end organ damage” correlating with a CCS
of 2. In the DGCD, the presence of diabetes has been reported, but information on complications has not been registered. Conservatively, we
have assigned all patients with diabetes a CCS of 1.
e
The DGCD only contains information on gynecological cancers; information on other cancers (including leukemia and lymphoma) and/or metastases was obtained from the National Patient Registry. When extracting information on discharge diagnoses from the National Patient Registry,
we excluded cancers and metastases registered <90 days before the uterine corpus cancer was diagnosed. This 90 days’ time window was used
to avoid any misclassification of the uterine corpus cancer as an existing comorbidity.

Statistical analyses
Data were analyzed using SPSS statistical software version
20 (IBM Corp., Armonk, NY, USA). Relations between
comorbidity and other characteristics of patient, tumor
and treatment were analyzed using chi-squared tests for

independence. Kaplan–Meier survival statistics was used
for calculating CCS-specific OS rates, and survival curve
differences were tested using log-rank tests. Multivariate
Cox regression analyses were performed to detect associations between survival and comorbidity adjusting for
potential confounders.
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Table 2. Non-prognostic comorbidity registered in the DGCD.
Comorbidity registered in the
DGCD

n

%

Hypertension
Myxoedema
Depression (periodic)
Thyreotoxicosis
Osteoarthritis
Angina pectoris
Epilepsy
Unspecified tachycardia
Alcohol-dependent syndrome
Constipation
Confusion
Ventral hernia (postoperative)
Sideropenic anemia
Irritable bowel disease
Enteritis (unspecified)
Diarrhea/gastroenteritis
Fecal incontinence
Sexual neurosis
Myositis

1528
131
103
63
52
42
22
16
14
9
7
6
4
4
4
4
3
1
1

36.0
3.1
2.4
1.5
1.2
1.0
0.5
0.4
0.3
0.2
0.2
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0

DGCD, Danish Gynecological Cancer Database.

Grade is a known prognostic factor in endometrial adenocarcinoma, which is the most common histological
subtype in uterine corpus cancer. Other histological subtypes are however only graded to a very limited extent.
To achieve the best possible estimate of the prognostic
impact of comorbidity, we had to adjust for both the variable grade and the variable histological subtype. We
therefore conducted two different Cox regression analyses:
Cox A (Table 5): all tumors of the uterine corpus and
not the variable grade and Cox B (Table 6): Only endometrial adenocarcinomas and the variable grade.
Performance status might capture some of the prognostic impact of comorbidity because patients with comorbidity are suspected to have higher performance status
(poorer daily performance). To further investigate this
relation, we included two models in the multivariate
analyses (model I and model II) without and with performance status, respectively. The assumption of proportional hazards was assessed using Sch€
onfeld residuals, and
the assumption was not rejected. No significant interactions were observed between comorbidity and the other
variables. Sensitivity analyses demonstrated no significant
changes in hazard ratios (HRs) in the study period.
Significance was defined at p < 0.05.

Results
General characteristics of the study population are
shown in Table 3. The distribution of age showed that
74.5% were older than 60 years and 20.2% had died at
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follow-up in October 2011. Complete surgical tumor
debulking was achieved in 91.2%. This reflects that most
patients presented with early-stage disease (81.3% FIGO
I–II). EC [including the histological subtypes endometrial adenocarcinoma, clear cell adenocarcinoma, serous
adenocarcinoma, and carcinoma (including carcinosarcoma)] accounted for 94.5% of the tumors, whereas sarcomas were diagnosed in 3.9% patients. Overweight/
obesity was observed more often in patients with EC
compared with sarcoma, 63.0 vs. 48.7%, respectively
(data not shown).
The prevalence of comorbidities in the study population is shown in Table 4. No prognostic comorbidity was
registered in 73.0% of patients in the study population. A
total of 17.0% had mild comorbidity, 7.3% had moderate
comorbidity, and 2.8% had severe comorbidity. Diabetes
and peripheral vascular diseases were the most common
Charlson comorbidities. Kaplan–Meier survival curves
according to CCS are presented in Figure 1. We observed
that an increasing level of comorbidity was significantly
associated to shorter OS (p < 0.001). Cox regression
analyses identified comorbidity, performance status, age,
and BMI as patient-related variables independently
associated with OS (Tables 5 and 6). In Cox A, HRs for
comorbidity were 1.27 [95% confidence interval (CI),
1.04–1.55], 1.69 (95% CI 1.32–2.16) and 1.72 (95% CI
1.21–2.45) in mild, moderate and severe comorbidity,
respectively (model II). A more pronounced prognostic
impact of comorbidity was observed in the population of
patients with endometrial adenocarcinoma (Cox B). In
this analysis, comorbidity was associated with an HR of
1.42 (95% CI 1.11–1.82), 1.74 (95% CI 1.27–2.40) and
2.48 (95% CI 1.61–3.86) in mild, moderate, and severe
comorbidity, respectively (model II). In both Cox regression analyses, a minor decrease in the HR for comorbidity was observed in model II compared with model I.
Stage and grade were tumor variables found to be
strongly predictive of OS (Tables 5 and 6). Also the histological subtypes serous adenocarcinoma, carcinoma
(including carcinosarcoma), sarcoma, and rare types were
associated with a significantly increased mortality compared with endometrial adenocarcinoma in both univariate (data not shown) and multivariate analyses. In
contrast, clear cell adenocarcinoma was only significant in
univariate analysis (HR 2.20; 95% CI 1.52–3.20) but was
not significant in the multivariate analyses (HR 1.13; 95%
CI 0.71–1.8) (model II). The treatment variable macroscopic residual tumor was predictive of poor prognosis
with HRs of 2.50 (95% CI 1.98–3.17) and 2.41 (95% CI
1.75–3.32) in Cox A and Cox B, respectively, compared
with no macroscopic residual.
A total of 183 patients in the study population did not
receive surgical treatment. Reasons for abstaining from
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Table 3. General characteristics of the study population, n = 4244.
Total
Covariates
Comorbidity
CCS = 0
CCS = 1
CCS = 2
CCS ≥ 3
Events
Age
<49 years
50–59 years
60–69 years
70–79 years
>80 years
FIGO stage
I
II
III
IV
Missing information
Histology
Endometrial adenocarcinoma
Clear cell adenocarcinoma
Serous adenocarcinoma
Carcinoma (including
carcinosarcoma)
Sarcoma
Rare types
Missing information
Grade
Grade 1 (highly differentiated cells)
Grade 2 (moderately atypical cells)
Grade 3 (undifferentiated cells)
Missing information
Nutritional status
Normal weight: 18.5 > BMI ≤ 25
Overweight/obesity: 25 > BMI
Underweight: BMI ≤ 18.5
Missing information
Residual tumor
No macroscopic residual
Macroscopic residual tumor
Missing information
ECOG performance status
0: Asymptomatic
1: Few signs of disease
2: Out of bed >50% of the day
3: Confined to bed >50%
of the day
4: Bedbound
Missing information

CCS = 0
%b

CCS = 1
%b

CCS = 2
%b

CCS ≥ 3
%b

–

–

–

–

–

–

–

–

Chi-square,
p-value

n

%a

3097
720
309
118
857

73.0
17.0
7.3
2.8
20.2

218
862
1484
1071
609

5.1
20.3
35.0
25.2
14.3

85.8
81.7
75.1
67.7
60.3

10.1
11.3
16.2
20.4
23.3

3.7
5.0
6.9
8.1
11.2

0.5
2.1
1.8
3.8
5.3

<0.001

2894
558
548
170
74

68.2
13.1
12.9
4.0
1.7

73.5
72.2
72.4
73.5
60.8

17.1
16.8
16.6
12.4
24.3

7.2
7.5
8.4
5.3
6.8

2.2
3.4
2.6
8.8
8.1

<0.001

3511
93
190
199

83.2
2.2
4.5
4.7

73.2
73.1
72.1
66.3

17.2
15.5
13.7
19.1

6.9
8.6
10.5
10.1

2.6
3.2
3.7
4.5

0.047

166
60
25

3.9
1.4
0.6

80.7
60.0
76.0

9.6
26.7
20

7.8
8.3
0

1.8
5.0
4.0

2204
1011
567
462

51.9
23.8
13.4
10.9

73.3
74.5
70.7
71.0

17.5
16.0
16.8
16.7

6.9
7.0
8.5
8.4

2.4
2.5
4.1
3.9

0.212

1461
2563
94
126

34.4
60.4
2.2
3.0

81.4
68.9
68.1
62.7

10.5
20.4
17.0
21.4

6.4
7.5
10.6
10.3

1.7
3.2
4.3
5.6

<0.001

3875
221
148

91.3
5.2
3.5

73.8
68.8
58.1

16.7
16.7
23.0

7.1
9.0
10.1

2.4
5.4
8.8

0.025

2682
1139
272
116

63.3
26.9
6.4
2.7

82.2
61.2
41.9
39.7

10.4
27.0
34.6
25.9

5.7
7.6
16.2
16.4

1.0
4.1
7.4
18.1

<0.001

30
5

0.7
0.1

46.7
80.0

23.3
20.0

23.3
0.0

6.7
0.0

BMI, body mass index; CCS, Charlson comorbidity score; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of Gynecology and Obstetrics.
a
Column percent.
b
Row percent.
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Table 4. Comorbidity registered among patients in the cohort.

%

Comorbidity
score

Diagnosis

n

Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Dementia
Chronic pulmonary disease
Unspecified arthritis
Cerebral infarction and
hemiplegia
Diabetes
Chronic kidney insufficiency
Non-uterine cancer (including
leukemia and lymphoma)
Other metastatic cancer
HIV and AIDS

44
73
217
45
190
103
49

1.0
1.7
5.1
1.1
4.5
2.4
1.2

1
1
1
1
1
1
1

438
7
249

10.3
0.2
5.9

1
2
2

24
1

0.6
0.0

6
6

surgery were patient refusal (n = 24), poor patient condition (n = 85) and primary oncologic treatment (n = 56).
For 18 patients, no reason was recorded in the DGCD. As
comorbidity might affect all these reasons for abstaining
from primary surgery, a multivariate logistic regression
analysis was performed. The variables age, stage, grade,
histology, macroscopic residual tumor, BMI, and performance status were included in the regression analysis, and
the treatment procedure (operation vs. no operation) was
the dependent variable. Comorbidity was insignificant in
this analysis (p = 0.42).

Discussion
To our knowledge, this is the largest European study of
prognostic factors in uterine corpus cancer and it is
unique by including all histological subtypes of malignant
tumors of the uterine corpus. We identified comorbidity
as an independent prognostic factor adjusted for other
known prognostic factors. We also found a clear association between increasing levels of comorbidity and OS.

Few other studies have investigated the impact of comorbidity classified according to a validated comorbidity
index and results are diverging (14–19). For example, in a
study conducted by Boll et al. (14) among 2099 women
with stage I EC. In this study there was a significant correlation between 5-year OS and a number of comorbidities classified according to a modified version of the CCI
observed. In contrast, Truong et al. (18) did not find any
significant independent impact of comorbidity on survival
in 401 women diagnosed with EC. The inconsistency in
results calls for more investigations paying careful attention to the method of classifying comorbidity to obtain
comparable results.
We observed a minor decrease in the HR of comorbidity when adjusting for performance status in the multivariate analyses. This suggests that some of the prognostic
impact of comorbidity is explained by higher performance status among patients with comorbidity, but comorbidity retained a significant impact on OS not
explained by performance status. Our finding of comorbidity and performance status being independent measures corresponds to conclusions drawn in other studies
(20–22).
In accordance with other studies, we also observed that
a BMI > 18.5 is a significantly better prognostic variable
than BMI < 18.5 (8,9). A plausible explanation for this
finding is that obesity is known to be associated with
estrogen-dependent type I EC, which is more indolent
than type II. It is also plausible that low weight can be
due to wasting associated with advanced malignant disease, suggesting an association between advanced stage
and low BMI.
We found that serous adenocarcinoma, carcinoma
(including carcinosarcoma), sarcoma, and rare types of
tumors are histological subtypes significantly associated
with higher mortality. This is in agreement with the findings of previously published research. Clear cell histology is
also usually associated with a poor prognosis but we noted
that clear cell tumors had no significant impact on survival

Figure 1. Kaplan–Meier survival curves for comorbidity. The number of patients at risk at 0, 12, 24, 36, 48 and 60 months and are shown
below for each Charlson Comorbidity Index group with the number of events to the left.
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Table 5. Cox proportional HR, all histological subtypes included, Cox A.
Model Ib
Covariate
Comorbidity
CCS = 0a
CCS = 1
CCS = 2
CCS ≥ 3
FIGO stage
Ia
II
III
IV
Age
<49 yearsa
50–59 years
60–69 years
70–79 years
>80 years
Histology
Endometrial adenocarcinomaa
Clear cell adenocarcinoma
Serous adenocarcinoma
Carcinoma (including carcinosarcoma)
Sarcoma
Rare types
Residual tumor
No macroscopic residuala
Macroscopic residual tumor
Nutritional status
Normal weight: 18.5 > BMI ≤ 25a
Overweight/obesity: 25 > BMI
Underweight: BMI ≤ 18.5
ECOG performance status:
0: Normal daily activitya
1: Few signs of disease
2: Out of bed >50% of the day
3: Out of bed < 50% of the day
4: Bedbound

HR

Model IIc
95% CI

p-value

1
1.43
1.95
2.21

1.18–1.73
1.53–2.48
1.57–3.10

<0.001
<0.001
<0.001

1
1.87
3.54
5.32

1.49–2.34
2.90–4.31
3.95–7.17

1
2.75
4.71
7.66
13.50

HR

95% CI

p-value

1
1.27
1.69
1.72

1.04–1.55
1.32–2.16
1.21–2.45

0.02
<0.001
0.002

<0.001
<0.001
<0.001

1
1.81
3.47
5.10

1.44–2.27
2.84–2.24
3.77–6.87

<0.001
<0.001
<0.001

1.36–6.56
2.38–9.31
3.88–15.15
6.78–26.90

0.005
<0.001
<0.001
<0.001

1
2.73
4.54
7.21
10.85

1.35–5.51
2.29–8.97
3.65–14.26
5.42–21.71

0.005
<0.001
<0.001
<0.001

1
1.16
1.78
2.76
3.57
4.22

0.73–1.85
1.34–2.37
2.17–3.52
2.62–4.86
2.79–6.39

0.531
<0.001
<0.001
<0.001
<0.001

1
1.13
1.82
2.92
3.60
4.07

0.71–1.81
1.37–2.42
2.29–3.72
2.64–4.90
2.67–6.19

0.600
<0.001
<0.001
<0.001
<0.001

1
2.78

2.23–3.52

<0.001

1
2.50

1.98–3.17

<0.001

1
1.04
2.35

0.88–1.22
1.65–3.35

0.660
<0.001

1
1.02
2.24

0.86–1.20
1.57–3.21

0.818
<0.001

1
1.14
1.88
2.50
3.74

0.94–1.37
1.45–2.44
1.75–3.57
1.78–7.87

0.181
<0.001
<0.001
0.001

BMI, body mass index; CCS, Charlson comorbidity score; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of Gynecology and Obstetrics; HR, hazard ratios.
a
Reference group.
b
Adjusted for comorbidity, age, stage, grade, residual tumor and BMI.
c
Adjusted for comorbidity, age, stage, grade, residual tumor, BMI and performance status.

in multivariate analyses. This may be explained by clear cell
histology to a great extent, being associated with advanced
tumor stage (data not shown), which is an important variable adjusted for in the multivariate analyses.
We did not observe any significant correlation between
comorbidity and choice of treatment (operation vs. no
operation). Our study was, however, not designed for
investigation of this correlation and we are not able to
draw any specific conclusions about the impact of comorbidity on choice of treatment. Few studies have investi-

gated the influence of comorbidity on the surgical
procedure and especially on the use of primary oncologic
treatment (radiotherapy and/or chemotherapy) in uterine
corpus cancer (18,19,23–26) and results are diverging.
However, the influence of comorbidity of choice of treatment should be subject to further investigation in future
studies to understand the causal relation that results in
comorbidity being a prognostic factor.
A major strength of this study is its large size and
patient completeness. However, the process of translating
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Table 6. Cox proportional HR, only endometrial adenocarcinoma included, Cox B.
Model Ib
HR

Covariate
Comorbidity
CCS = 0a
CCS = 1
CCS = 2
CCS ≥ 3
FIGO stage
Ia
II
III
IV
Age
<49 yearsa
50–59 years
60–69 years
70–79 years
>80 years
Grade
Grade 1 (highly differentiated cells)a
Grade 2 (moderately atypical cells)
Grade 3 (undifferentiated cells)
Residual tumor
No macroscopic residuala
Macroscopic residual tumor
Nutritional status
Normal weight: 18.5 > BMI ≤ 25a
Overweight/obesity: 25 > BMI
Underweight: BMI ≤ 18.5
ECOG performance status
0: Normal daily activitya
1: Few signs of disease
2: Out of bed >50% of the day
3: Out of bed < 50% of the day
4: Bedbound

Model IIc
95% CI

p-value

1
1.59
1.98
3.38

1.29–2.21
2.18–3.66
3.29–7.86

<0.001
<0.001
<0.001

1
1.69
2.82
5.08

1.26–2.09
2.56–4.02
3.29–6.69

1
3.43
6.96
11.07
21.08

HR

95% CI

p-value

1
1.42
1.74
2.48

1.11–1.82
1.27–2.40
1.61–3.84

0.005
0.001
<0.001

<0.001
<0.001
<0.001

1
1.66
2.82
4.98

1.27–2.18
2.18–3.66
3.19–7.76

<0.001
<0.001
<0.001

0.83–14.24
1.72–28.17
2.74–44.75
5.20–85.47

0.089
0.007
0.001
<0.001

1
3.49
6.88
10.51
17.40

0.84–14.49
1.70–27.85
2.60–42.52
4.28–70.76

0.085
0.007
0.001
<0.001

1
1.77
3.13

1.41–2.21
2.41–4.05

<0.001
<0.001

1
1.77
3.20

1.42–2.22
2.47–4.14

<0.001
<0.001

1
2.76

2.02–3.78

<0.001

1
2.41

1.75–3.32

<0.001

1
0.99
2.36

0.81–1.23
1.55–3.61

0.994
<0.001

1
0.94
2.42

0.76–1.16
1.58–3.72

0.551
<0.001

1
1.16
2.03
2.92
1.23

0.92–1.47
1.47–2.79
1.89–4.52
0.28–5.33

0.212
<0.001
<0.001
0.783

BMI, body mass index; CCS, Charlson comorbidity score; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of Gynecology and Obstetrics; HR, hazard ratios.
a
Reference group.
b
Adjusted for comorbidity, age, stage, grade, residual tumor and BMI.
c
Adjusted for comorbidity, age, stage, grade, residual tumor, BMI and performance status.

the secondary diagnoses registered in the DGCD to conditions in the CCI has been subject to some methodological inaccuracy, as described in the notes of Table 1. In
general, we have chosen to be conservative when assigning the patients a CCS to avoid inclusion of nonprognostic comorbidity in our statistical analyses. To test
whether the comorbidity classified as non-prognostic had
any prognostic impact, a multivariate Cox-regression
analysis including non-prognostic comorbidity as a variable, was performed. An insignificant HR of 1.01 (95%
CI 0.84–1.21, p = 0.95) was found (data not shown). This
confirms that the comorbidities excluded from our analyses are non-prognostic.
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The comorbidity registered in the DGCD is mainly
based on active diseases reported by the patients or gynecologists with the purpose of excluding historic non-active
and non-significant diseases. Our finding of prognostic
comorbidity among 27% of patients diagnosed with uterine corpus cancer is similar to prevalence observed in
other studies, whereas other studies have reported a
higher prevalence. Several explanations for this exist. First,
many studies include all comorbidity instead of including
only those medical conditions known to affect survival
significantly (15,17,19). Secondly, several different comorbidity indices have been used and evidence of which index
is most appropriate for studies of comorbidity in uterine
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Table 7. Registered cause of death in the study population.

n
Cancer-specific mortality
Other-cause mortality
Overall mortality

554
303
857

% of registered
deaths

% of study
population

64.6
35.4
100

13.1
7.1
20.2

A better understanding of the impact of comorbidity is
crucial in order to individualize cancer treatment and
improve cancer survival rates in populations with an
increasing prevalence of age-related comorbidity.

Acknowledgments
We acknowledge the DGCD for providing us with data
free of charge.

corpus cancer is still sparse. Thirdly, it is possible that our
conservative approach when assigning patients a CCS has
lead to underestimation of the prevalence of comorbidity
among the study population.
The CCI was proposed and published in 1984 and
was validated on a group of medical patients. Treatments of most medical conditions have changed dramatically since 1984, and it is therefore likely that the
relative risks ascribed to the CCI conditions in 1984 are
not in agreement with the prognostic impact today. Furthermore, the CCI does not take into account that the
comorbidity weights might not be constant between
clinical settings or the diseases being studied. Still, we
chose to use the CCI for this study because it is widely
accepted and is the most validated comorbidity index.
Ideally, a new comorbidity index based on modern
treatment suited specifically to surgical patients should
be developed for studies of comorbidity in gynecologic
cancers. That is, however, beyond the scope of this
study.
Uterine corpus cancer is to be considered a rather
indolent type of cancer. For that reason, distinguishing
between all-cause and cancer-specific mortality would be
relevant. However, our data on cause of death (presented in Table 7) are suspected to encompass some
inaccuracy, which is why we chose to investigate conservatively all-cause mortality in our study. We conducted, tentatively, some additional Cox analyses and
they showed that comorbidity has a smaller impact on
cancer-specific mortality (data not shown). The relation
between comorbidity and cancer-specific mortality
should be addressed in future studies and optimal treatment of comorbidity should always be ensured during
the cancer-treatment course, since the comorbidity
might be just as life-threating as the uterine corpus
cancer itself.
In conclusion, we identified comorbidity as an independent prognostic factor in uterine corpus cancer and
we observed a clear correlation between increasing levels
of comorbidity and survival. The influence of comorbidity on the diagnostic process, oncologic treatment, and
disease-specific survival should be addressed in future
studies to clarify the causal relations that result in comorbidity being a prognostic factor in uterine corpus cancer.
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