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Abstract: Background: Ovarian carcinoma (OC) is usually diagnosed at an advanced stage, necessi-
tating a multimodal approach that includes surgery and systemic therapy. The incidence of OC is
approximately five times higher in women over 65 years of age. Cardiovascular comorbidities and
type 2 diabetes mellitus, both prevalent at this age, can influence therapeutic strategy and have an
adverse effect on survival. Objectives: Our study aimed to determine the impact of cardiovascular
diseases and diabetes mellitus on survival in advanced ovarian cancer. Materials and methods:
From 2004 to 2012, we retrospectively studied 104 patients with advanced epithelial ovarian cancer
(FIGO stage II–IV) who underwent surgical treatment at the Gynecology Clinic, St. Anna University
Hospital, Varna, Bulgaria. Patients were followed for an average of 90 (52–129) months. We divided
the study population into two groups: those with concurrent cardiovascular diseases and type 2
diabetes mellitus (CVD) and those without these comorbidities (No-CVD group). Overall survival
(OS), disease-specific survival (DSS), and disease-free survival (DFS) were compared between groups
using Kaplan–Meier survival analysis. Cardiovascular comorbidities and diabetes mellitus were
evaluated for their prognostic value for survival using multivariate Cox proportional regression
analysis adjusted for age, stage of OC, grade and histological type of the tumor, ascites presence,
residual tumor size (RT), performance status, and type of hysterectomy. Results: The Kaplan–Meier
analysis showed reduced OS and DSS in the CVD group compared to the No-CVD group. The
median OS was 24.5 months (95% CI 18.38 months) and 38 months (95% CI 26, not reached), respec-
tively (Log-rank p = 0.045). The median DSS was 25.5 months (95% CI 19.39 months) and 48 months
(95% CI 28, not reached), respectively (Log-rank p = 0.033). The Cox regression multivariate analysis
established a lower (by 68%) overall survival rate for the CVD patient group than the No-CVD group,
approaching statistical significance (HR 1.68, 95% CI 0.99, 2.86, p = 0.055). Cardiovascular diseases
and diabetes were associated with a 79% reduction in DSS (HR 1.79, 95% CI 1.02, 3.13, p = 0.041) and a
twofold increase in the risk of disease progression (HR 2.05, 95% CI 1.25, 3.37, p = 0.005). Conclusions:
According to our study, cardiovascular comorbidities and diabetes may adversely affect OC survival.
Optimal control of cardiovascular diseases, diabetes mellitus, and their risk factors may be beneficial
for patients with advanced OC. Further research involving a larger patient population is necessary to
establish these comorbidities as independent prognostic factors.
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1. Introduction

Ovarian cancer is among the ten most common malignancies in women worldwide
and the third most common gynecological neoplasm. It is responsible for 4.7% of total
cancer mortality [1]. Ovarian cancer ranks eighth as a cause of death among all cancers in
women and second among gynecological neoplasms, ranking after cervical cancer [1]. The
incidence of ovarian carcinoma (OC) increases with age and is approximately five times
higher in women over 65. In developed countries, where life expectancy is longer and pop-
ulations are aging, OC is more common [2]. Concurrently, the incidence of cardiovascular
diseases is higher in older women. Diseases affecting the cardiovascular system are the
leading cause of death. They are responsible for 17.9 million deaths per year and 31% of
the total mortality for 2016 [3,4]. Cardiovascular morbidity and mortality are prevalent
in the diabetic population [5]. Type 2 diabetes itself is among the top 10 causes of death
worldwide. Women with diabetes have a 50% higher risk of fatal ischemic heart disease
than men [3,5]. Together, cardiovascular and oncological diseases account for more than
60% of total mortality [6].

In recent years, survival in ovarian carcinoma has improved, but this malignancy
remains one of the most lethal in women in developed countries [1]. The five-year survival
for all stages is 41–48%, and for stages III and IV, in particular, it is even lower—27% and
13.4%, respectively [7,8]. These facts encourage scientists to look for other potentially
controllable factors relevant to survival in addition to the well-known prognostic factors
such as age, residual tumor size, disease stage, and degree of tumor differentiation [9].
Experts have investigated molecular and genetic changes in different histological types
of OC to provide a specific target therapy [10]. In addition, many studies have addressed
comorbidity and its correlation with ovarian cancer survival [11–21]. Cardiovascular
diseases and diabetes may contribute directly to increased mortality in OC patients and
indirectly through treatment selection, suboptimal surgery, and chemotherapy. Our study
aimed to evaluate the impact of cardiovascular diseases and diabetes mellitus on survival
in patients with advanced epithelial ovarian cancer, given the incidence and prevalence
of these comorbidities in the general population. Knowledge of the role of concomitant
diseases in the outcome of ovarian carcinoma can guide clinicians in optimizing treatments
for comorbid conditions.

2. Materials and Methods
2.1. Population-Based Study

The presented work is a retrospective study of 104 patients diagnosed with advanced
OC (FIGO stages II–IV) and operated at the Obstetrics and Gynecology Clinic, St. Anna
University Hospital, Varna, Bulgaria, from 2004 to 2012. We obtained approval and
permission to conduct the study from the local ethics committee, NO. 546/30.10.2019.

2.2. Pathological Characteristics

The data were collected from medical records and the Bulgarian National Cancer
Registry. We assessed the patient population for age, FIGO stage, histological type and
grade of OC, residual tumor size, type of hysterectomy (total abdominal hysterectomy,
radical hysterectomy and other surgical procedures), type of chemotherapy, ECOG per-
formance status, presence of ascites and lymph node metastases, overall survival (OS)
and disease-free survival (DFS). Survival analysis also included the cause of death related
to cancer or as a result of another disease, which enabled the determination of specific
oncological survival—disease-specific survival (DSS). For the staging of OC, we used the
International Federation of Gynecology and Obstetrics (FIGO) classification from 2014.
Additionally, we examined the patients for concomitant diseases, particularly for diabetes
and cardiovascular diseases (CVD), hypertension, ischemic heart disease (IHD), heart
failure, and cerebrovascular disease. The patient population data is presented in Table 1.
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Table 1. Characteristics of the patient population and comparison of the CVD and No-CVD groups
on different variables.

Characteristic. Overall, n = 104 No-CVD, n = 42 CVD, n = 62 p-Value 1

Age (years)
Median (IQR)

Mean (SD)
60 (51, 70)

60.8 (±11.7)
54 (47, 62)

55.0 (±10.4)
65 (58, 72)

64.8 (±10.9)
<0.001

<55 years 31 (30%) 21 (50%) 10 (16%) <0.001
≥55 years 73 (70%) 21 (50%) 52 (84%)

Stage, n (%) 0.5
Stage II 14 (13%) 7 (17%) 7 (11%)
Stage III 76 (73%) 28 (67%) 48 (77%)
Stage IV 14 (13%) 7 (17%) 7 (11%)

Histology, n (%) 0.076
Serous 88 (85%) 34 (81%) 54 (87%)

Mucinous 5 (4.8%) 1 (2.4%) 4 (6.5%)
Endometrioid 1 (1.0%) 1 (2.4%) 0 (0%)

Clear cell 2 (1.9%) 0 (0%) 2 (3.2%)
Undifferentiated 8 (7.7%) 6 (14%) 2 (3.2%)

Grading, n (%) >0.9
High grade 100 (96%) 40 (95%) 60 (97%)
Low grade 4 (3.8%) 2 (4.8%) 2 (3.2%)

Residual tumor size, n (%) 0.9
<1 cm 44 (42%) 18 (43%) 26 (42%)
1–2 cm 20 (19%) 7 (17%) 13 (21%)
>2 cm 40 (38%) 17 (40%) 23 (37%)

Performance status, n (%) 0.7
PS = 0 17 (16%) 9 (21%) 8 (13%)
PS = 1 28 (27%) 11 (26%) 17 (27%)
PS = 2 26 (25%) 10 (24%) 16 (26%)
PS = 3 33 (32%) 12 (29%) 21 (34%)
PS > 3 0 (0%) 0 (0%) 0 (0%)

Ascites, n (%) 0.062
No ascites 35 (34%) 10 (24%) 25 (42%)

Ascites present 67 (66%) 32 (76%) 35 (58%)
Unknown 2 0 2

Lymph node metastasis, n (%) >0.9
No LN metastasis 25 (24%) 11 (26%) 14 (23%)

LN metastasis 33 (32%) 13 (31%) 20 (32%)
LN not evaluated 46 (44%) 18 (43%) 28 (45%)

Type of surgery, n (%) 0.058
TH + BSO 23 (22%) 11 (26%) 12 (19.3%)

Radical hysterectomy 74 (71%) 31 (74%) 43 (69.4%)
Other 7 (7%) 0 (0%) 7 (11.3%)

Chemotherapy, n (%) 0.10
Adjuvant 97 (93%) 40 (95.2%) 57 (92%)

Neoadjuvant 3 (2.9%) 0 (0%) 3 (4.8%)
Palliative 2 (1.9%) 2 (4.8%) 0 (0%)

No chemotherapy 2 (1.9%) 0 (0%) 2 (3.2%)

Overall survival (months), Median
(95% CI)

5-year OS probability, (%) (95%CI))

30 (23, 40)
28 (20, 38)

38 (26, not
reached)

38 (25, 56)

24.5 (18, 38)
21 (13, 34)

0.045

DFS (months), Median (95% CI)
3-year DFS probability, (%) (95%CI))

14 (9, 26)
21 (15, 31)

28 (14, 36)
31 (20, 49)

10.5 (9, 21)
15 (8, 27)

0.006

DSS (months), Median (95% CI)
5-year DSS probability, (%) (95%CI))

34 (24, 45)
29 (21, 40)

48 (28, not
reached)

40 (28, 60)

25.5 (19, 39)
22 (13, 35) 0.033

1 Wilcoxon rank-sum test; Pearson’s Chi-squared test; Fisher’s exact test. Values in bold represent significant
p values. CVD—Cardiovascular diseases and diabetes; IQR—Interquartile range; SD—Standard deviation;
PS—Performance status; LN—Lymph nodes; TH—Total hysterectomy; BSO—Bilateral salpingo-oophorectomy;
OS—Overall survival; DFS—Disease-free survival; DSS—Disease-specific survival.

The patient population was divided into two groups: one group without cardiovas-
cular diseases and diabetes (No-CVD) and another group with these diseases (CVD). The
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cardiovascular diseases (CVD) group also included patients with diabetes mellitus only,
invariably associated with cardiovascular damage. The two groups were compared in
terms of ovarian carcinoma stage, grade and histological type, residual tumor size, ascites,
lymph node metastases, performance status, hysterectomy type, and systemic therapy.

2.3. Statistical Analysis

We performed statistical data processing using the program R, version 4.0.3 (10 Octo-
ber 2020). Descriptive analysis was applied; continuous variables were presented as the
mean and standard deviation (SD), median and interquartile range (IQR) 25–75%, and
categorical variables as relative frequencies with percentages. The Wilcoxon rank-sum test
for continuous variables, Pearson’s Chi-squared test for categorical variables, and Fisher’s
exact test were used to compare the CVD and No-CVD groups. Survival analysis was
performed using Kaplan–Meier statistics with Log Rank, Breslow, and Tarone-Ware tests to
compare survival probability. We carried out Cox univariate and multivariate regression
analyses to assess the predictability of the various factors for survival. In addition, we
also used univariate and multivariate Poisson regression statistics to identify the factors
associated with surgical treatment success and optimal residual tumor size. A two-sided
probability value under 0.05 was considered statistically significant.

3. Results

The mean age of the study population was 60.8 (SD ± 11.7) years. Most ovarian
carcinoma patients were in FIGO stage III (73%) with a predominance of serous histological
type (83%) and high-grade tumors (96%). There were no detected moderately differentiated
(grading 2) tumors due to the small percentage of endometrioid histological variants.
Seventy-one percent of patients were operated on through radical hysterectomy with
retroperitoneal approach, bilateral adnexectomy, and omentectomy. Twenty-two percent
underwent total abdominal hysterectomy with bisalpingo-oophorectomy and omentectomy
(THO + BSO), and the rest (7%) were subjected to a different type of surgery—diagnostical
or adnexectomy—only in cases of previous hysterectomy. The goal of cytoreductive surgery
in our population was to achieve a residual tumor size (RT) of less than 1 cm. Optimal
cytoreduction (RT < 1 cm) was achieved in 42% of the patients. Lymph node dissection—
pelvic and/or paraaortic—was performed on 58 (56%) patients, and approximately half
of them had lymph node involvement (32% of the total population). The lymph nodes
were not histologically verified in 46% of the patients. Therefore, we did not include lymph
node involvement in the multivariate regression analysis of survival. Ascites were present
in approximately 2/3 of the patients. Adjuvant 6-cycle combination chemotherapy was
administered to 93% of the patients who received carboplatin at a dose of AUC 5–7.5,
and paclitaxel 175 mg/m2 was administered every three weeks, or with an alternative
regimen—a combination of paclitaxel 135 mg/m2 day 1 and 60 mg/m2 day 8 with cisplatin
75–100 mg/m2 every three weeks. Neoadjuvant chemotherapy with paclitaxel 175 mg/m2

and carboplatin AUC 6–5 was performed on a small number of patients. The median
overall survival (OS) of the patients was 30 months (IQR 23, 40), the 5-year overall survival
was 28% (95% CI 20, 38%). The median disease-specific survival was 34 months (IQR 24,
45 months), the 5-year DSS was 29% (95% CI 21, 40%). The median disease-free survival
(DFS) was 14 months (IQR 9, 26 months), the 3-year DFS was 21% (95% CI 15, 31%).
We identified 91 patients with OC progression during a mean follow-up of 90 months
(52–129 months), 78 deaths overall, and 73 deaths due to the malignancy. The summarized
data is presented in Table 1.

We also evaluated the patient population for concomitant diseases, primarily for
the presence of cardiovascular diseases and diabetes type 2 (Table 2). Sixty-two (59%)
patients had various cardiovascular diseases with or without diabetes mellitus and were
classified as a CVD group. Forty-two (41%) patients did not have any of the diseases
mentioned above and became part of the No-CVD group. Other concomitant diseases such
as thyroid disorders, gastrointestinal tract diseases (ulcer disease, cholelithiasis, chronic
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hepatitis), lung diseases (COPD, bronchial asthma, pulmonary fibrosis), kidney diseases
(nephrolithiasis), chronic venous insufficiency, epilepsy were also present among patients.
These comorbidities were present in both the CVD and No-CVD groups but with a tiny
relative proportion and were not included in the survival analysis.

Table 2. Distribution of cardiovascular diseases and diabetes mellitus among patients.

Concomitant Diseases Overall, n = 104 1

Diabetes only 3 (2.9%)
Hypertension 30 (28%)

Ischemic heart disease 12 (12%)
Heart failure, cerebral vascular disease 7 (6.8%)

CVD + diabetes 10 (9.7%)
No CVD 42 (41%)

Diabetes overall proportion 13 (12.5%)
1 The distribution of diseases is denoted by n (%).

The comparative analysis between the two groups showed no statistically significant
difference between them in terms of the different variables (Table 1), except for age. The
CVD group’s median age was significantly higher than the No-CVD group, with a differ-
ence of 11 years on average (95% CI 5.5, 14.0 p < 0.001). The reason behind this variance is
that cardiovascular diseases are common in older women over 50–55 years of age. This
fact requires not only univariate but also multivariate Cox regression analysis, which takes
into account the influence of cardiovascular comorbidities, as well as other factors such as
age, stage, grade of the tumor, the presence of ascites, residual tumor size, type of surgical
procedure, and performance status (PS).

The Kaplan–Meier analysis (Figure 1) showed a statistically significant difference in
overall survival between CVD and No-CVD groups at a median of 24.5 months (95% CI
18, 38 months) and 38 months (95% CI 26, not reached) (Log-rank p = 0.045), respectively.
Regarding cancer-specific survival (DSS), the median survival of the CVD group was
25.5 months (95% CI 19, 39 months), and the non-CVD group was 48 months (95% CI
28, not reached), with a statistically significant difference between the groups (Log-rank
p = 0.033). The comparison of the groups with the Breslow and Tarone-Ware methods did
not show a statistically significant difference, which means that a difference in survival was
not observed in the initial months after diagnosing ovarian cancer and at the beginning of
treatment. There was a significant difference (Log-rank p = 0.006; Breslow p = 0.0036; Tarone-
Ware p = 0.0016) in terms of disease-free survival (DFS) for the CVD group, the median
DFS was 10.5 months (95% CI 9, 21 months), and for the No-CVD group—28 months (95%
CI 14, 36 months) (Figure 2).

According to the univariate Cox regression analysis, the following factors were unfa-
vorable for overall survival: an advanced stage of the disease (stage IV), residual tumor
size over 2 cm, performance status (PS = 3), and the presence of cardiovascular diseases
with or without diabetes. Age had no statistical significance as a predictor of overall
survival (Table 3). We analyzed these parameters with multivariate Cox regression anal-
ysis and established a lower (by 68%) overall survival probability in patients with CVD
compared to patients without CVD, approaching statistical significance (HR 1.68, 95% CI
0.99, 2.86, p = 0.055) (Table 3). Regarding disease-specific survival, a large residual tumor
size (RT > 2 cm) and a high-performance status (PS = 3) had the highest predictive values
and were associated with a significant reduction in survival: for PS = 3—HR 2.23, 95% CI
1.01, 4.95, p = 0.048, and for OT > 2 cm—HR 2.34, 95% CI 1.27, 4.30, p = 0.006 (Figure 3).
Cardiovascular comorbidities and diabetes were associated with a 79% reduction in spe-
cific survival (DSS) when statistical significance was reached (HR 1.79, 95% CI 1.02, 3.13,
p = 0.041) (Figure 3). Cardiovascular diseases and diabetes mellitus were also unfavorable
predictors of disease-free survival by increasing the risk of disease progression by twofold
(HR 2.05; 95% CI 1.25, 3.37; p = 0.005) (Figure 4). Univariate and multivariate Poisson
regression analysis showed that cardiovascular diseases did not affect the outcome of
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surgical treatment measured by the residual tumor size (univariate analysis—IRR 0.99, CI
0.75, 1.31, p = 0.93; multivariate analysis—IRR 0.98, CI 0.72, 1.35, p = 0.9) (Figure 5).
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Table 3. Univariate and multivariate Cox regression analysis of overall survival.

Univariate Analysis Multivariate Analysis

Characteristic HR 1 95% CI 1 p-Value HR 1 95% CI 1 p-Value

Age (years) 1.01 0.99, 1.03 0.6 0.99 0.97, 1.01 0.5

Stages
Stage II — — — —
Stage III 2.08 0.94, 4.57 0.069 1.51 0.61, 3.75 0.4
Stage IV 5.14 2.01, 13.1 <0.001 3.35 1.06, 10.6 0.039

Ascites
No ascites — — — —

With ascites 1.25 0.77, 2.01 0.4 1.03 0.61, 1.73 >0.9

Type of surgery
TH + BSO — — — —

Radical hysterectomy 1.05 0.60, 1.83 0.9 0.99 0.51, 1.93 >0.9
Other 1.79 0.74, 4.38 0.2 0.87 0.30, 2.56 0.8

Residual tumor size
RT < 1 cm — — — —
RT 1–2 cm 1.77 0.95, 3.32 0.073 1.76 0.90, 3.45 0.10
RT > 2 cm 2.82 1.68, 4.73 <0.001 2.17 1.21, 3.90 0.009

Grading
Low grade — — — —
High grade 4.91 0.68, 35.4 0.11 2.21 0.29, 17.0 0.4

LN metastasis (n = 58)
No LN metastasis — —

With LN metastasis 1.47 0.77, 2.80 0.2

Performance status
0 — — — —
1 1.12 0.53, 2.36 0.8 1.34 0.61, 2.95 0.5
2 1.48 0.70, 3.12 0.3 1.87 0.84, 4.16 0.13
3 2.76 1.37, 5.56 0.005 2.40 1.09, 5.27 0.029

CVD
No CVD — — — —

With CVD 1.60 1.00, 2.56 0.049 1.68 0.99, 2.86 0.055
1 HR = Hazard Ratio; CI = Confidence Interval. Statistical power = 0.164. Significant p-values are in bold.
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Figure 5. Poisson multivariate regression analysis assessing the impact of various factors on the 
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4. Discussion

Cardiovascular diseases and diabetes mellitus are common among patients with
neoplastic diseases, and their frequency is between 12 and 60% [11,22]. The relationship
between cancer and cardiovascular diseases is multidirectional. A correlation is found
at both the pathophysiological and pathogenetic level. Common molecular pathways,
genetic mutations, metabolic disorders, and lifestyle risk factors are involved in the onset
and development of these two types of diseases [23]. The incidence of ovarian epithelial
carcinoma increases with age; the average age at cancer diagnosis is 60–65 years [24]. Older
women are more likely to have elevated BMI, insulin resistance, and hyperinsulinemia,
which are risk factors for cardiovascular disease and ovarian cancer by activating systemic
inflammation and oxidative stress [25]. Diabetes, hyperinsulinemia, and insulin resistance
affect the biological processes in cancer cells through increased levels of insulin-like growth
factor and activation of molecular pathways responsible for cell proliferation, thus con-
tributing to tumor progression [17,25,26]. Atherosclerosis, the dominant underlying cause
of various cardiovascular diseases, represents chronic vascular inflammation involving
various intracellular signaling mechanisms. These molecular pathways are also involved
in the onset and progression of various cancer types, including ovarian cancer [23,27].

At the same time, some medications used to prevent and treat cardiovascular diseases
and diabetes also have a preventive effect on developing cancer diseases. Such a poten-
tial role has been attributed to statins, aspirin, angiotensin-converting enzyme inhibitors,
and metformin, which have been shown to affect angiogenesis and tumor cell prolifer-
ation [23,28]. In addition, metformin has been shown to inhibit the growth of ovarian
cancer cell lines, potentiate the effect of cisplatin, reduce the risk of ovarian carcinoma,
and increase survival in OC patients with diabetes [29]. Beyond the preventive effect of
statins on the development of ovarian cancer, some authors report their beneficial effect
on survival [30].
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The likelihood of delayed cancer diagnosis is an additional aspect of concomitant
diseases, particularly cardiovascular diseases. Tetsche et al. [12] found that comorbidity
is associated with a more advanced stage of the disease. This fact could be explained by
the biological behavior of the tumor in the conditions of another chronic disease or by late
diagnosis in the presence of concomitant diseases [12]. Cardiovascular comorbidities could
influence decisions regarding therapeutic strategy or compromise cytoreductive surgery
and systemic therapy. According to a study by Janssen-Heijnen et al. [11], the recommended
surgical and chemotherapeutic treatments were implemented in a significantly lower
percentage of patients with FIGO stage II–III OC who had at least one concomitant disease,
regardless of age, over or under 70 years old [11]. Mallen et al. [13] compared older
OC patients over 70 with those younger than 70. The authors believed that concomitant
diseases were not responsible for a worse prognosis in adults. According to the authors,
the different tumor biology, characterized by greater aggressiveness and resistance to
platinum, contributed to lower survival of the adult population, which also had more
severe comorbidities (including cardiovascular diseases and diabetes mellitus) [13]. The
researchers found that the lower the probability of optimal cytoreduction, the higher the
chance of an inability to complete adjuvant chemotherapy, and more frequent resistance to
platinum therapy were independent adverse factors in adults [13].

Standard systemic chemotherapy for OC includes a combination of carboplatin and
paclitaxel, and since recently, PARP (poly ADP-ribose polymerase) inhibitors (Olaparib,
niraparib) and anti-angiogenic agents (bevacizumab) have been introduced as first-line
therapy [31]. Systemic therapy medications are associated with a potential risk of cardio-
vascular complications, referred to as cardiotoxicity. The risk of developing cardiotoxicity
increases in patients who have pre-existing cardiovascular risk factors and diseases [32].
Various cardiac and vascular complications, such as heart failure, arrhythmias, myocardial
ischemia, and pericardial diseases, have been reported with the use of taxanes and platinum
drugs. Bevacizumab has been related to worsening hypertension and the development of
arterial thrombosis [33–35]. Simultaneously, experimental data suggest that Olaparib may
have a cardioprotective effect [36].

Most researchers who have studied the impact of comorbidities on ovarian cancer
survival consider cardiovascular diseases in conjunction with other comorbidities incorpo-
rated into the Charlson Comorbidity Index (CCI) or Ovarian Cancer Comorbidity Index
(OCCI), assessing primarily overall survival. A meta-analysis of eight prospective studies
involving more than 12,000 patients demonstrated an increased mortality risk in patients
with concomitant diseases (HR 1.2, 95% CI 1.11–1.3) [13]. Noer et al. (2018) confirmed that
comorbidity was significantly associated with worse overall survival HR 1.36 (1.05–1.77),
p = 0.020 [16].

Few studies have explicitly focused on cardiovascular diseases and diabetes as po-
tential factors in ovarian cancer survival. Not all have reported the definite prognostic
significance of cardiovascular comorbidities for reduced survival, assessing overall rather
than disease-specific survival. Minlikeeva et al. [17] studied the effects of hypertension,
heart disease, and diabetes on overall survival in OC patients, using data from 15 studies in-
volving over 9000 patients. The authors found no evidence of an increased mortality risk in
patients with hypertension or heart disease (for hypertension HR = 0.95; 95% CI = 0.88–1.02;
for CVD 0.99, 95% CI = 0.75–1.30, respectively). The presence of diabetes mellitus was
associated with reduced ovarian cancer survival (HR = 1.12; 95% CI = 1.01–1.25). The
authors identified diabetes mellitus as an independent predictor relevant to ovarian cancer
prognosis [17]. Akhavan et al. [18] confirmed the above by examining the effects of diabetes
on OC survival. After adjusting for other major prognostic factors, including the use of
metformin, the authors reported that diabetes was significantly associated with a worse
prognosis for overall survival (HR 3.93, 95% CI 2.01 to 7.68; p < 0.001) and disease-free
survival (HR 3.93, 95% CI 2.01 to 7.68; p < 0.001). Interestingly, the authors observed a
lower degree of tumor differentiation and a more advanced stage in patients with diabetes
mellitus [18]. Similar results were recorded by Ferriss et al. [19], according to which dia-
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betes is an independent unfavorable predictor and leads to a 1.8-times higher mortality risk
in patients with advanced OC, despite the achieved optimal cytoreduction (HR 1.8, 95% CI
1.02, 3.1, p = 0.042). The researchers did not find evidence associating hypertension with OC
survival [19]. However, they reported that patients referred for neoadjuvant chemotherapy
treatment and interval debulking surgery had a higher incidence of hypertension and
diabetes [19]. Patients who had never undergone surgical treatment had a higher incidence
of concomitant diseases—diabetes, hypertension, heart and lung diseases, and venous
thromboembolism [19].

Other researchers have analyzed survival factors in patients undergoing radical
pelvic surgery (n = 646) for a variety of malignant tumors, including ovarian carcinoma
(n = 57) [20]. According to them, a high ASA score, cardiovascular comorbidities, treatment
for recurrent cancer, ovarian cancer, pulmonary thromboembolism, and acute respiratory
distress syndrome were all associated with poor 5-year overall survival [20]. Shinn et al. [21]
examined emerging cardiovascular events (venous thromboembolism, pulmonary hyper-
tension, ischemic heart disease, cerebrovascular disease, pericardial effusion and tam-
ponade, valvular heart disease, cardiomyopathy, and heart failure) during treatment and
follow-up for OC. The authors concluded that only venous thromboembolism and pul-
monary hypertension were independent predictors of reduced survival after adjusting for
stage, grading, and level of cytoreduction [21]. The studies discussed previously, particu-
larly those involving concomitant cardiovascular pathologies and diabetes mellitus, have
different designs and populations. The study with the largest examined population did
not present results of multivariate analysis adjusted for residual tumor size.

Our study focused on some comorbidities, namely cardiovascular diseases and di-
abetes, considering their high prevalence, social significance, and pathophysiological
relationship with oncological diseases. Cardiovascular pathology and diabetes mellitus,
present at the time of ovarian carcinoma detection, are associated with poorer overall
survival (HR 1.68, 95% CI 0.99, 2.86, p = 0.055) and disease-specific survival (HR 1.79, 95%
CI 1.02, 3.13, p = 0.041), respectively, with no and borderline statistical significance. Con-
currently, these comorbidities double the risk of disease progression (HR 2.05, 95 % CI 1.25,
3.37, p = 0.005). According to the Cox regression models represented, CVDs and diabetes
are significant predictors of poor OC survival (DSS (p = 0.041) and DFS (p = 0.005)). On the
other hand, due to the small sample size, the statistical power of these Cox multivariate
regression analyses is low. With the study’s limited statistical power, we cannot assert that
cardiovascular diseases and diabetes are independent predictors of increased OC mortality
in the same way that other well-established factors such as residual tumor size, FIGO stage,
and ECOG PS are. We propose that future research on larger patient populations should
evaluate the influence of cardiovascular comorbidities and diabetes on OC outcomes in
isolation from other comorbidities.

All of our patients underwent surgical treatment and were referred for surgery fol-
lowing a preliminary evaluation. Due to these constraints, we were unable to assess the
impact of comorbidities on treatment choice. We used the residual tumor size as a surrogate
marker for the success of surgical treatment. The presence of cardiovascular disease and
diabetes did not prove to be factors affecting the results of surgery and the degree of
cytoreduction (IRR 0.98, CI 0.72, 1.35, p = 0.9).

CVDs and diabetes both have a negative effect on OC survival in our patient cohort,
especially on DFS and DSS, which may be explained by pathophysiologic processes that
contribute to tumor progression by creating a chronic inflammatory environment. Fur-
ther, the coexistence of these diseases may have resulted in the delay or under-dosage of
individual chemotherapy courses, ultimately leading to OC relapse. Considering these
speculations, optimal control of diabetes, cardiovascular diseases, and risk factors may
support ovarian cancer treatment. Additionally, certain medications used to treat these
comorbidities, including statins, aspirin, metformin, and angiotensin-converting enzyme
inhibitors, may have anticancer properties through their effects on chronic inflammation
and cell proliferation [23,28,29].
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Our single-center study is limited by its retrospective design and the small number
of patients with advanced ovarian carcinoma—a less common type of cancer than cervi-
cal and endometrial cancers. This resulted in the Cox multivariate regression analyses
obtaining a low statistical power. Because the selected population included patients who
had undergone surgery, no conclusions regarding the entire population can be drawn.
Cytoreductive surgery may have been avoided in a subset of the general population, owing
to severe concurrent pathology. An advantage of our study is the long follow-up period,
which averaged 90 months, with a maximum period of 129 months. It is important to note
that we assessed specific cancer survival (DSS), which has been investigated in terms of
comorbidity by very few researchers. In addition, the multivariate model took into account
the effect of cardiovascular diseases on survival after adjusting for the influence of other
established risk factors—age, stage, grading, residual tumor size, and performance status.

5. Conclusions

Ovarian carcinoma is usually detected late, at an advanced stage, when a combination
of surgical and systemic long-term treatment is required. In this regard, therapy success
may be contingent on comorbidity. This is especially relevant in the presence of cardiovas-
cular diseases and diabetes mellitus, which are common in the elderly population. They
may be limiting factors for optimal therapy. At the same time, evidence suggests that they
are associated with more aggressive tumor biology. According to our study, cardiovascular
comorbidities and diabetes may contribute to poor OC survival. The strict control of
diabetes, coexisting cardiovascular disease, and risk factors is essential for cancer treatment
success. Further research involving a larger patient population is necessary to establish
these comorbidities as independent prognostic factors.

Author Contributions: Conceptualization, S.S. (Stanislav Slavchev) and S.S. (Svetoslava Slavcheva);
methodology, S.K. and Y.I.; formal analysis, S.S. (Stanislav Slavchev), Y.I. and S.K.; investigation,
S.K. and Y.I.; resources, Y.I and S.K.; data curation, S.S. (Stanislav Slavchev); writing—original and
draft preparation, S.K. and S.S. (Svetoslava Slavcheva); writing—review and editing, S.S. (Stanislav
Slavchev), S.S. (Svetoslava Slavcheva), A.Y. and Y.I.; visualization, A.Y; supervision A.Y., Y.K. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Ethics Committee of Medical University
Varna (NO. 546/30 October 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no competing interests.

References
1. Ferlay, J.; Colombet, M.; Soerjomataram, I.; Parkin, D.M.; Piñeros, M.; Znaor, A.; Bray, F. Cancer statistics for the year 2020: An

overview. Int. J. Cancer 2021, 149, 778–789. [CrossRef]
2. Ferlay, J.; Steliarova-Foucher, E.; Lortet-Tieulent, J.; Rosso, S.; Coebergh, J.; Comber, H.; Forman, D.; Bray, F. Cancer incidence and

mortality patterns in Europe: Estimates for 40 countries in 2012. Eur. J. Cancer 2013, 49, 1374–1403. [CrossRef]
3. World Health Organization. Available online: https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-

(cvds) (accessed on 24 April 2021).
4. Amini, M.; Zayeri, F.; Salehi, M. Trend analysis of cardiovascular disease mortality, incidence, and mortality-to-incidence ratio:

Results from global burden of disease study 2017. BMC Public Health 2021, 21, 401. [CrossRef] [PubMed]
5. Huxley, R.; Barzi, F.; Woodward, M. Excess risk of fatal coronary heart disease associated with diabetes in men and women:

Meta-analysis of 37 prospective cohort studies. Br. Med. J. 2005, 332, 73–78. [CrossRef] [PubMed]
6. Cardiovascular Disease Statistics in Eurostat, Statistic Explained. Available online: https://ec.europa.eu/eurostat/

statisticsexplained/index.php?title=Cardiovascular_diseases_statistics. (accessed on 24 April 2021).

http://doi.org/10.1002/ijc.33588
http://doi.org/10.1016/j.ejca.2012.12.027
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
http://doi.org/10.1186/s12889-021-10429-0
http://www.ncbi.nlm.nih.gov/pubmed/33632204
http://doi.org/10.1136/bmj.38678.389583.7C
http://www.ncbi.nlm.nih.gov/pubmed/16371403
https://ec.europa.eu/eurostat/statisticsexplained/index.php?title=Cardiovascular_diseases_statistics.
https://ec.europa.eu/eurostat/statisticsexplained/index.php?title=Cardiovascular_diseases_statistics.


Curr. Oncol. 2021, 28 3681

7. Cancer Research UK. Available online: https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-
cancer-type/ovarian-cancer/survival#ref-2full (accessed on 24 April 2021).

8. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics. CA Cancer J. Clin. 2020, 70, 7–30. [CrossRef] [PubMed]
9. Elattar, A.; Bryant, A.; Winter-Roach, B.A.; Hatem, M.; Naik, R. Optimal primary surgical treatment for advanced epithelial

ovarian cancer. Cochrane Database Syst. Rev. 2009, 2011, CD007565. [CrossRef]
10. Hollis, R.L.; Gourley, C. Genetic and molecular changes in ovarian cancer. Cancer Biol. Med. 2016, 13, 236–247. [CrossRef]
11. Janssen-Heijnen, M.L.; Houterman, S.; Lemmens, V.E.; Louwman, M.; Maas, H.A.; Coebergh, J.W.W. Prognostic impact of

increasing age and co-morbidity in cancer patients: A population-based approach. Crit. Rev. Oncol. 2005, 55, 231–240. [CrossRef]
12. Tetsche, M.S.; Nørgaard, M.; Jacobsen, J.; Wogelius, P.; Sørensen, H.T. Comorbidity and ovarian cancer survival in Denmark,

1995–2005: A population-based cohort study. Int. J. Gynecol. Cancer 2008, 18, 421–427. [CrossRef]
13. Mallen, A.; Todd, S.; Robertson, S.E.; Kim, J.; Sehovic, M.; Wenham, R.M.; Extermann, M.; Chon, H.S. Impact of age, comorbidity,

and treatment characteristics on survival in older women with advanced high grade epithelial ovarian cancer. Gynecol. Oncol.
2021, 161, 693–699. [CrossRef]

14. Jiao, Y.-S.; Gong, T.-T.; Wang, Y.-L.; Wu, Q.-J. Comorbidity and survival among women with ovarian cancer: Evidence from
prospective studies. Sci. Rep. 2015, 5, 11720. [CrossRef]

15. Sperling, C.; Noer, M.C.; Christensen, I.J.; Nielsen, M.L.S.; Lidegaard, Ø.; Høgdall, C. Comorbidity is an independent prognostic
factor for the survival of ovarian cancer: A Danish register-based cohort study from a clinical database. Gynecol. Oncol. 2013, 129,
97–102. [CrossRef]

16. Noer, M.C.; Leandersson, P.; Paulsen, T.; Rosthøj, S.; Antonsen, S.L.; Borgfeldt, C.; Høgdall, C. Confounders other than comorbidity
explain survival differences in Danish and Swedish ovarian cancer patients—A comparative cohort study. Acta Oncol. 2018, 57,
1100–1108. [CrossRef] [PubMed]

17. Minlikeeva, A.N.; Freudenheim, J.L.; Cannioto, R.A.; Szender, J.B.; Eng, K.H.; Modugno, F.; Ness, R.B.; LaMonte, M.J.; Friel, G.;
Segal, B.H.; et al. History of hypertension, heart disease, and diabetes and ovarian cancer patient survival: Evidence from the
ovarian cancer association consortium. Cancer Causes Control. 2017, 28, 469–486. [CrossRef] [PubMed]

18. Akhavan, S.; Ghahghaei-Nezamabadi, A.; Modaresgilani, M.; Mousavi, A.S.; Sepidarkish, M.; Tehranian, A.; Rezayof, E. Impact
of diabetes mellitus on epithelial ovarian cancer survival. BMC Cancer 2018, 18, 1246. [CrossRef] [PubMed]

19. Ferriss, J.S.; Ring, K.; King, E.R.; Courtney-Brooks, M.; Duska, L.R.; Taylor, P.T. Does Significant Medical Comorbidity Negate the
Benefit of Up-front Cytoreduction in Advanced Ovarian Cancer? Int. J. Gynecol. Cancer 2012, 22, 762–769. [CrossRef] [PubMed]

20. Kong, J.C.; Peacock, O.; Waters, P.S.; Eglinton, T.; Warrier, S.K.; Wakeman, C.; Frizelle, F.A.; Heriot, A.G.; McCormick, J.J.
Predictors of overall survival following extended radical resections for locally advanced and recurrent pelvic malignancies.
Langenbeck’s Arch. Surg. 2020, 405, 491–502. [CrossRef]

21. Shinn, E.H.; Lenihan, D.J.; Urbauer, D.L.; Basen-Engquist, K.M.; Valentine, A.; Palmero, L.; Woods, M.L.; Patel, P.; Nick, A.M.;
Shahzad, M.M.K.; et al. Impact of Cardiovascular Comorbidity on Ovarian Cancer Mortality. Cancer Epidemiol. Biomark. Prev.
2013, 22, 2102–2109. [CrossRef]

22. Ogle, K.; Swanson, G.; Woods, N.; Azzouz, F. Cancer and comorbidity: Redefining chronic diseases. Cancer 2000, 88, 653–663.
[CrossRef]

23. Masoudkabir, F.; Sarrafzadegan, N.; Gotay, C.; Ignaszewski, A.; Krahn, A.D.; Davis, M.K.; Franco, C.; Mani, A. Cardiovascular
disease and cancer: Evidence for shared disease pathways and pharmacologic prevention. Atherosclerosis 2017, 263, 343–351.
[CrossRef]

24. Scully, R.E.; Young, R.H.; Clement, P.B. Tumors of the Ovary, Maldeveloped Gonads, Fallopian Tube, and Broad Ligament. Int. J.
Gynecol. Pathol. 1999, 18, 288. [CrossRef]

25. Koene, R.J.; Prizment, A.E.; Blaes, A.; Konety, S.H. Shared Risk Factors in Cardiovascular Disease and Cancer. Circulation 2016,
133, 1104–1114. [CrossRef]

26. Bakhru, A.; Buckanovich, R.J.; Griggs, J.J. The impact of diabetes on survival in women with ovarian cancer. Gynecol. Oncol. 2011,
121, 106–111. [CrossRef]

27. Savant, S.S.; Sriramkumar, S.; O’Hagan, H.M. The Role of Inflammation and Inflammatory Mediators in the Development,
Progression, Metastasis, and Chemoresistance of Epithelial Ovarian Cancer. Cancers 2018, 10, 251. [CrossRef] [PubMed]

28. Gadducci, A.; Biglia, N.; Tana, R.; Cosio, S.; Gallo, M. Metformin use and gynecological cancers: A novel treatment option
emerging from drug repositioning. Crit. Rev. Oncol. 2016, 105, 73–83. [CrossRef] [PubMed]

29. Shank, J.J.; Yang, K.; Ghannam, J.; Cabrera, L.; Johnston, C.J.; Reynolds, R.K.; Buckanovich, R.J. Metformin targets ovarian cancer
stem cells in vitro and in vivo. Gynecol. Oncol. 2012, 127, 390–397. [CrossRef] [PubMed]

30. Vogel, T.J.; Goodman, M.T.; Li, A.J.; Jeon, C.Y. Statin treatment is associated with survival in a nationally representative population
of elderly women with epithelial ovarian cancer. Gynecol. Oncol. 2017, 146, 340–345. [CrossRef] [PubMed]

31. Kurnit, K.C.; Fleming, G.F.; Lengyel, E. Updates and New Options in Advanced Epithelial Ovarian Cancer Treatment. Obstet.
Gynecol. 2021, 137, 108–121. [CrossRef] [PubMed]

32. Polonsky, T.S.; Decara, J.M. Risk factors for chemotherapy-related cardiac toxicity. Curr. Opin. Cardiol. 2019, 34, 283–288.
[CrossRef]

https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/ovarian-cancer/survival#ref-2full
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/ovarian-cancer/survival#ref-2full
http://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
http://doi.org/10.1002/14651858.cd007565
http://doi.org/10.20892/j.issn.2095-3941.2016.0024
http://doi.org/10.1016/j.critrevonc.2005.04.008
http://doi.org/10.1111/j.1525-1438.2007.01036.x
http://doi.org/10.1016/j.ygyno.2021.03.008
http://doi.org/10.1038/srep11720
http://doi.org/10.1016/j.ygyno.2012.12.039
http://doi.org/10.1080/0284186X.2018.1440085
http://www.ncbi.nlm.nih.gov/pubmed/29451070
http://doi.org/10.1007/s10552-017-0867-1
http://www.ncbi.nlm.nih.gov/pubmed/28293802
http://doi.org/10.1186/s12885-018-5162-3
http://www.ncbi.nlm.nih.gov/pubmed/30541490
http://doi.org/10.1097/IGC.0b013e31824b403d
http://www.ncbi.nlm.nih.gov/pubmed/22426409
http://doi.org/10.1007/s00423-020-01895-y
http://doi.org/10.1158/1055-9965.EPI-13-0625
http://doi.org/10.1002/(SICI)1097-0142(20000201)88:3&lt;653::AID-CNCR24&gt;3.0.CO;2-1
http://doi.org/10.1016/j.atherosclerosis.2017.06.001
http://doi.org/10.1097/00004347-199907000-00019
http://doi.org/10.1161/CIRCULATIONAHA.115.020406
http://doi.org/10.1016/j.ygyno.2010.12.329
http://doi.org/10.3390/cancers10080251
http://www.ncbi.nlm.nih.gov/pubmed/30061485
http://doi.org/10.1016/j.critrevonc.2016.06.006
http://www.ncbi.nlm.nih.gov/pubmed/27378194
http://doi.org/10.1016/j.ygyno.2012.07.115
http://www.ncbi.nlm.nih.gov/pubmed/22864111
http://doi.org/10.1016/j.ygyno.2017.05.009
http://www.ncbi.nlm.nih.gov/pubmed/28596017
http://doi.org/10.1097/AOG.0000000000004173
http://www.ncbi.nlm.nih.gov/pubmed/33278287
http://doi.org/10.1097/HCO.0000000000000619


Curr. Oncol. 2021, 28 3682

33. Altena, R.; Hummel, Y.M.; Nuver, J.; Smit, A.J.; Lefrandt, J.D.; de Boer, R.A.; Voors, A.A.; Berg, M.V.D.; de Vries, E.G.E.; Boezen,
H.M.; et al. Longitudinal changes in cardiac function after cisplatin-based chemotherapy for testicular cancer. Ann. Oncol. 2011,
22, 2286–2293. [CrossRef]

34. Rowinsky, E.K.; McGuire, W.P.; Guarnieri, T.; Fisherman, J.S.; Christian, M.C.; Donehower, R.C. Cardiac disturbances during the
administration of taxol. J. Clin. Oncol. 1991, 9, 1704–1712. [CrossRef] [PubMed]

35. Pereg, D.; Lishner, M. Bevacizumab treatment for cancer patients with cardiovascular disease: A double edged sword? Eur. Heart
J. 2008, 29, 2325–2326. [CrossRef] [PubMed]

36. Korkmaz-Icöz, S.; Marcatti, M.; Li, S.; Ruppert, M.; Szczesny, B.; Lasitschka, F.; Loganathan, S.; Szabo, C.; Szabó, G. Olaparib, a
Clinically Used Poly(adp-ribose) Polymerase Inhibitor, Protects against Oxidant-Induced Cardiac Myocyte Death in vitro and
Improves Cardiac Contractility during Early Phase after Heart Transplantation in an in vivo Rat Model. Circulation 2017, 136,
A16315.

http://doi.org/10.1093/annonc/mdr408
http://doi.org/10.1200/JCO.1991.9.9.1704
http://www.ncbi.nlm.nih.gov/pubmed/1678781
http://doi.org/10.1093/eurheartj/ehn384
http://www.ncbi.nlm.nih.gov/pubmed/18762551

	Introduction 
	Materials and Methods 
	Population-Based Study 
	Pathological Characteristics 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

