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Abstract

Objective—Diabetes mellitus (DM) is a risk factor for endometrial cancer and is associated with 

poorer outcomes in breast and colon cancers. This association is less clear in epithelial ovarian 

cancer (EOC). We sought to examine the effect of DM on progression-free (PFS) and overall 

survival (OS) in women with EOC.

Methods—A retrospective cohort study of EOC patients diagnosed between 2004 and 2009 at a 

single institution was performed. Demographic, pathologic and DM diagnosis data were 

abstracted. Pearson chi-square test and t test were used to compare variables. The Kaplan-Meier 

method and the log rank test were used to compare PFS and OS between non-diabetic (ND) and 

DM patients.

Results—62 (17%) of 367 patients had a diagnosis of DM. No differences in age, histology, 

debulking status, or administration of intraperitoneal chemotherapy between ND and DM patients 

were present, although there were more stage I and IV patients in the ND group (p=0.04). BMI 

was significantly different between the two groups (ND vs. DM, 27.5 vs. 30.7 kg/m2, p < 0.001). 

While there were no differences in survival based on BMI, diabetic patients had a poorer PFS 

(10.3 vs. 16.3 months, p=0.024) and OS (26.1 vs. 42.2 months, p=0.005) compared to ND 

patients. Metformin use among diabetic patients did not appear to affect PFS or OS.
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Conclusions—EOC patients with DM have poorer survival than patients without diabetes; this 

association is independent of obesity. Metformin use did not affect outcomes. The 

pathophysiology of this observation requires more inquiry.

Introduction

Greater than one-third of the adult population, in addition to almost one-fifth of youths, in 

the United States are obese based on estimates from the 2011-12 National Health and 

Nutrition Examination Survey (NHANES)1. Not surprisingly, secondary to this current 

obesity epidemic, there has been a consistent increase in cardiovascular disease, type II 

diabetes mellitus and cancer2. When specifically considering the impact of obesity on 

diabetes disease prevalence, currently almost 10% of the United States adult population is 

diabetic, and more than a quarter of individuals over the age of 65 have been diagnosed with 

diabetes3. DM is associated with many other diseases, most notably cardiovascular and renal 

disease, as well as upwards of 20% of cancers in the United States2.

The association between diabetes and cancer is complex. From a molecular standpoint, data 

suggests that elevated insulin-like growth factor I, increased cytokine and estrogen levels, 

adipokine imbalances and hyperinsulinemia likely contribute to both an increase risk of 

malignancy as well as leading to inferior cancer outcomes2. Data from multiple 

epidemiologic reports and meta-analyses support the postulation that diabetes increases the 

risk of colorectal, breast, and endometrial cancers, among others4, and may be associated 

with poorer survival in colon, pancreas, and breast cancers5. This effect seems to be 

independent of obesity5, which is a well-known risk factor for both the development of, and 

mortality from, cancer 6,7.

Obesity has been associated with ovarian cancer8,9 although results are conflicting10. Two 

recently published large meta-analyses came to differing conclusions regarding obesity and 

ovarian cancer risk. Olsen and colleagues examined studies from institutions participating in 

the Ovarian Cancer Association Consortium and found that elevated BMI was not associated 

with high- grade serous cancers10. Conversely, the Collaborative Group on Epidemiological 

Studies of Ovarian Cancer performed a meta-analysis of 47 studies (including 25,157 

ovarian cancer patients and 81,311 patients without ovarian cancer) and found a 10% 

increase in risk per 5 kg/m2 8. A recent prospective study among 70,258 Chinese women 

found that women with a BMI ≥ 30 had over a two-fold increase in ovarian cancer 

development risk9. Moreover, there are data to suggest that obesity may also be associated 

with poorer overall survival in ovarian cancer patients11-13. Physiologically, obesity and 

diabetes share many of the same inflammatory mediators therefore biologic plausibility 

linking the two diseases to ovarian cancer exists; however, there is little information 

regarding the effect of diabetes on ovarian cancer survival. Therefore, the objective of our 

study was to evaluate the potential impact of diabetes mellitus on survival in patients with 

epithelial ovarian cancer.
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Methods

Subjects

This retrospective cohort study was performed following approval and in accordance with 

the standards of the Institutional Human Subjects Protection Review Board at the University 

of Alabama at Birmingham (UAB). Eligible subjects were women diagnosed with epithelial 

ovarian cancer and treated between 2004-2009 at our institution with complete, evaluable 

records. The comprehensive cancer tumor registry, which captures all new cancer diagnoses 

within the UAB system, was used to identify patients.

Study Design

This was a retrospective cohort study designed to determine if there was a difference in 

progression-free survival (PFS) and overall survival (OS) between women with diabetes and 

those without. Records were reviewed for standard demographics, presence or absence of 

diabetes, use of metformin and other diabetic medications, pathologic and treatment data 

including chemotherapy administration approach (primary, intravenous vs. intravenous/

intraperitoneal, and NACT), PFS and OS. PFS was calculated from the time of initiation of 

chemotherapy until disease recurrence or progression according to clinical assessment, 

rising CA-125, or radiographic evidence of recurrence. Overall survival was calculated from 

initiation of chemotherapy until last known follow-up or death from any cause.

Statistical Analysis

Chi-square (χ2) test or Fisher's exact test for categorical variables and the t-test or Wilcoxon 

rank sum test for continuous variables were used to assess the differences between patients 

with and without diabetes. Kaplan-Meier (KM) estimates were used to compute the survival 

functions for patients with and without diabetes and were compared using log-rank tests. 

Cox proportional hazards models were used to evaluate the association between progression-

free and overall survival and diabetes, independent of potential confounders. A value of 

p<0.05 was considered statistically significant. Analyses were performed using either SAS 

version 9.2 (SAS Institute Inc., Cary, NC) or SPSS version 21 (IBM, Armonk, NY) with 

Kaplan-Meier survival curves constructed by SPSS.

Results

367 patients who were diagnosed with EOC between 2004 and 2009 met inclusion criteria. 

Of study patients, 62 women (17%) had a recorded diagnosis of diabetes. There was no 

difference in age, grade, histology, or debulking status between the two cohorts (Table 1). 

Administration of intraperitoneal (IP) chemotherapy was not different between the non-

diabetic and diabetic patients (23 (7.5%) vs. 5 (8.1%); p=0.80). Moreover, a neoadjuvant 

treatment strategy was employed in a small but similar proportion of each group (non-

diabetic, 13(4.3%) vs. diabetic, 4 (6.5%); p=0.50).

Differences in stage distribution were present for the two groups. Diabetic patients were less 

likely to have either stage I or stage IV disease than the nondiabetic cohort (p=0.039). Not 

surprisingly, patients with DM had higher BMI, 30.7 vs. 27.5 kg/m2 (p < 0.001), than their 
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non-diabetic cohorts (Table 1). Among the diabetic patients, 27 (43.5%) patients had 

recorded metformin use.

Patients with DM had a significantly shorter median progression-free survival compared to 

patients without diabetes (10.3 vs. 16.3 months, p=0.02, Figure 1a). Diabetic patients also 

had a significantly poorer median overall survival (26.1 vs. 42.2 months, p=0.005, Figure 

1b). Interestingly, when the entire patient cohort was divided by BMI (< 30 kg/m2 vs. ≥ 30 

mg/m2), although the point estimate was greater in patients whose BMI was < 30 kg/m2, 

there was no statistical difference in either PFS, 16.5 versus 14.0 months (p=0.082) nor OS, 

41.0 versus 33.1 months (p=0.486) (Figure 2). Moreover, within the diabetic cohort, 

metformin use did not affect median PFS (use vs. non-use, 10.1 vs. 10.3 months, p=0.7) nor 

median OS (use vs. non-use, 23.9 vs. 26.1 months, p=0.6) (Figure 3). Further comparisons 

within this group were limited due to the small sample size.

The unadjusted hazard ratio (HR) for the association between PFS and diabetes was 1.44 

(95% confidence interval [CI], 1.05-1.98). Following adjustment for age, stage, grade, 

histology, debulking status, BMI, neoadjuvant chemotherapy and IP chemotherapy the HR 

for progression in patients with diabetes was 1.29 (95% CI 0.91-1.84; p=0.15). This 

association was modified by stage, adjusted age, histology, debulking status, BMI, and IP 

chemotherapy. Among those with early-stage (1 and 2) disease, the PFS HR was 2.26 

(p=0.17) whereas the PFS HR was 1.15 (p=0.44) in patients with advanced-stage (3 and 4) 

disease. The unadjusted and adjusted HRs for overall survival in patients with diabetes were 

similar (HR 1.62, 95% CI 1.16-2.28 and HR 1.64, 95% CI 0.12-2.40, respectively). As with 

PFS, the association for OS was modified by stage; the HRs for early and advanced-stage 

disease were 4.17 (95% CI 0.78-22.21; p=0.09) and 1.60 (95% CI 1.08-2.36; p=0.02), 

respectively.

Discussion

In our aging population, the incidence of both diabetes and cancer is increasing. The 

association between diabetes and cancer was noted as early as 191414, but the etiologies of 

both diseases are complex and heterogeneous. Both cancer and diabetes share common risk 

factors such as age, race and obesity, making simple conclusions very difficult.

Our retrospective cohort study suggests that there is an association between diabetes and 

survival. The univariate analysis demonstrated a significant hazard of progression and death 

in patients with diabetes; however, when adjusted for stage, grade, BMI and other known 

important clinical factors, the magnitude of effect was not significant. Interestingly, 

although not statistically significant there was a greater hazard for death in diabetic patients 

with early stage disease, HR 4.17 versus 1.60, potentially suggesting that diabetes had more 

of a negative influence in patients with early stage disease. In general, patients with 

advanced-stage disease have a more predictably aggressive and fatal course, potentially 

lessening the effect of any other given comorbidity. While our results are not statistically 

significant for early stage disease, this is likely due to the small sample size.
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The etiology of the association between diabetes and ovarian cancer is not clear, but there is 

ample evidence for biologic plausibility. Several studies have evaluated the effect of 

increased insulin-like growth factor (IGF)15. IGF-I and -II are overexpressed in many 

cancers16, which may lead to increased proliferation as well as stimulation of pathways 

involved in invasion and metastasis17,18. Indeed, elevated IGF-I and –II levels have been 

associated with decreased survival in epithelial ovarian cancer19,20. Insulin resistance and 

diabetes are associated with decreased serum sex hormone binding globulin21,22, which can 

lead to elevated levels of free estrogen. While the evidence for elevated estrogen as a 

carcinogen is well-established in endometrial cancer, recent murine models suggest that it 

may also play a role in ovarian cancer23. Another compelling link between diabetes and 

cancer development and progression is through inflammatory pathways. Adipose metabolic 

dysregulation is a hallmark of diabetes24. This can lead to increased levels of inflammatory 

cytokines such as interleukin-6 and tumor necrosis factor-α24, in turn activating pathways 

involved in cell proliferation, invasion and evasion of antitumor immunity25.

Studies examining metformin use suggest an improvement in both cancer risk as well as 

survival26-29. The mechanism of action is unclear, although inhibition of the mTOR pathway 

may contribute to metformin's antiproliferative effects29,30. While there is observational and 

preclinical data suggesting a beneficial effect of metformin on ovarian cancer survival31,32, 

we could not confirm this with our data; however, our sample size was quite small which 

may have limited this analysis. Moreover, patients with diabetes in our cohort presented 

with more advanced stage disease than the nondiabetic group. This has been observed in 

urothelial33 and pancreatic34 cancers as well. While the etiology is not known, it may relate 

to the biologic mechanisms detailed above.

We acknowledge several important limitations of our study. Similar to studies examining 

diabetes and cancer, there are many common factors contributing to the development of both 

diseases that complicates the analysis. We do not routinely collect data regarding physical 

activity and diet, which certainly contributes to diabetes outcomes but also may contribute to 

cancer outcomes35-38. Patients were considered to have diabetes only if they had a recorded 

diagnosis or an antihyperglycemic medication was listed, as hemoglobin A1c levels and 

fasting glucose levels are not a standard part of our preoperative workup. Given that up to 

27% of diabetes is undiagnosed3, this could have skewed our groups. Similarly, we had no 

information regarding degree of diabetic control, which also may impact outcomes39. 

Additionally, information regarding the length of diagnosis and burden of diabetes was not 

captured in our study. Finally, confounding and other sources of potential bias may be 

present. Nonetheless, the sample size from our study is fairly robust and clinical factors 

including staging at presentation, histology, and cytoreductive status are consistent with 

published norms40.

The relationship between ovarian cancer and diabetes is complex. While population data 

suggests that there may be an increased risk of ovarian cancer in women who are diabetic or 

hyperinsulinemic5, our data suggest that diabetes may in fact impact prognosis and survival. 

Given the increasing incidence of diabetes in our aging population, this is an important 

avenue of inquiry that requires more investigation.
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Research highlights

• Diabetes mellitus (DM) is increasingly prevalent in our obese society.

• DM confers poorer outcomes in some cancers, but there is little data regarding 

its relationship to ovarian cancer.

• DM was associated with worse outcomes regardless of BMI in our population.
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Figure 1. 
(A) Progression-free survival amongst ovarian cancer patients with versus without diabetes 

(p=0.024). (B) Overall survival amongst ovarian cancer patients with versus without 

diabetes (p=0.005).
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Figure 2. 
(A) Progression-free survival amongst ovarian cancer patients with a BMI < 30 versus a 

BMI ≥ 30 (p=0.07). (B) Overall survival amongst ovarian cancer patients with a BMI < 30 

versus a BMI ≥ 30 (p=0.4).
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Figure 3. 
(A) Progression-free survival amongst diabetic ovarian cancer patients who used metformin 

versus those who did not (p=0.62). (B) Overall survival amongst diabetic ovarian cancer 

patients who used metformin versus those who did not (p=0.7).
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Table 1
Patient characteristics

Diabetic (N=62) Non-diabetic (N=305) p-value

Age (years)* 64.6 ± 10.4 63.2 ± 12.2 0.41

Stage (number, %) 0.04

 I 1 (1.6) 22 (7.2)

 II 7 (11.3) 57 (18.7)

 III 51 (82.3) 195 (63.9)

 IV 3 (4.8) 31 (10.2)

Grade 0.05

 1 1 (1.6) 9 (3.0)

 2 8 (12.9) 62 (20.3)

 3 44 (71.0) 217 (71.1)

 Unknown 9 (14.5) 17 (5.6)

Histology 0.75

 Papillary serous 42 (67.7) 199 (65.2)

 Endometrioid 4 (6.5) 39 (12.8)

 Other 16 (25.8) 67 (22.0)

Debulking status 0.69

 Optimal 47 (75.8) 219 (71.8)

 Suboptimal 15 (24.2) 84 (27.7)

 Unknown 0 (0) 2 (0.7)

BMI (kg/m2)* 30.7 ± 6.5 27.5 ± 6.2 < 0.001

NACT 4 (6.5) 13 (4.3) 0.50

IP chemotherapy 5 (8.1) 23 (7.5) 0.80

*
Values presented are means ± standard deviation

BMI – body mass index

NACT – neoadjuvant chemotherapy

IP - intraperitoneal
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