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ABSTRACT 

Objectives: To identify predictors of mortality within one year after primary ovarian cancer 

surgery.  

Design: Prospective nationwide cohort study from 1 January 2005 to 31 December 2012. 

Setting: The Danish Gynaecology Cancer Database and the Danish Civil Registration System.  

Participants: 2,654 women with first-time ovarian cancer surgery.  

Outcome measures: Overall one-year survival and predictors of mortality within 0-180 days and 

181-360 days after ovarian cancer surgery. The examined predictors were age, preoperative 

American Society of Anesthesiologists (ASA) score, body mass index (BMI), International 

Federation of Gynaecology and Obstetrics (FIGO) stage, residual tumour tissue after surgery, 

perioperative blood transfusion, and calendar year of surgery.  

Results: Overall one-year survival was 51%. Within 0-180 days after surgery, the three most 

important predictors of mortality were residual tumour tissue >2 cm (HR=4.58 (95% CI 3.19- 

6.56)), age above 61 years (HR=2.68 (95% CI 1.85-3.89)), and residual tumour tissue ≤ 2 cm (HR= 

2.50 (95% CI 1.64-3.82)). Within 181-360 days after surgery FIGO-stage III-IV (HR=2.80 (95% CI 

1.75-4.48)), BMI <18.5 kg/cm2 (HR=2.09 (95% CI 1.18-3.67)), and residual tumour tissue >2 cm 

(HR=1.87 (95% CI 1.27-2.74)), were the three most important predictors. ASA score and 

perioperative blood transfusion were both found to be predictors of mortality, although no effect on 

calendar year of surgery was observed. 

Conclusions: The most important predictors of mortality within one year after surgery were 

residual tumour tissue, advanced FIGO stage, and being underweight. We suggest that the surgeon 

should not only aim for radical surgery, but also pay special attention to comorbidity, nutritional 

state, and the need for perioperative blood transfusion. 

  

Page 2 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010123 on 21 A

pril 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

3 
 

Strengths and limitations of this study 

• A population-based study with prospective registered data 

• In total of 2,654 women included 

• High quality of data sources and no loss to follow-up 

• Adjustment for several factors: age, preoperative health score, body mass index, FIGO stage, residual tumour tissue 

after surgery, perioperative blood transfusion 

• Unable to perform analyses regarding neoadjuvant chemotherapy prior to surgery 

• Missing data on smoking and alcohol 

• No access to laboratory data 

 

 

INTRODUCTION 

The 5-year survival is a traditional measure of the survival of cancer patients. Women with ovarian 

cancer have a median survival of approximately two years 1 and we may overlook important factors 

for survival by primarily focusing on the long-term survival. Ovarian cancer has a high mortality 2, 

and we need to focus on additional areas of prognostic importance in order to improve the outcome.  

Previous studies of the survival of women with ovarian cancer have focused on mortality; either 

within the first 30-60 days after surgery or on long-term survival. These studies have identified 

commonplace predictors of mortality (i.e. complications to surgery, FIGO-stage and residual 

tumour tissue 3). To the best of our knowledge, no former studies have focused on predictors on 

mortality within one year after primary ovarian cancer surgery. However, we hypothesised that 

analysing the intermediate survival of the women (up to one year after surgery) would provide 

valuable information on potentially significant factors for survival. If this hypothesis proves correct 

these factors should be considered in the perioperative settings and are useful in the counselling of 

the patient. Using data from the nationwide Danish Gynaecology Cancer Database (DGCD) 
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obtained from 2005 until 2012, and the Danish Civil Registration System (CPR registry), the aims 

were to examine predictors of mortality within 0-180 days and 181-360 days after primary ovarian 

cancer surgery. The examined predictors of mortality were age, preoperative American Society of 

Anaesthesiologists (ASA) score 4, smoking, body mass index (BMI), International Federation of 

Gynaecology and Obstetrics (FIGO) stage, residual tumour tissue after surgery, perioperative blood 

transfusion, and calendar year of surgery. 

 

MATERIALS AND METHODS 

Study population 

The study includes all Danish women who had undergone primary ovarian cancer surgery 

performed from January 1st 2005 to 31 December 2012, and identified in the DGCD. The DGCD is 

a national clinical database established on 1 January,  2005 5, and since then every patient with a 

first-time diagnosis of ovarian cancer has been prospectively registered. This was due to mandatory 

reports from all Danish departments of gynaecology and histopathology. The DGCD contains 

details about preoperative patient characteristics (i.e. age, ASA score, smoking, and BMI), 

perioperative information (i.e. FIGO-stage, residual tumour tissue after surgery, blood transfusion, 

etc.), and postoperative details (i.e. histopathology, final tumour stage verification, complications, 

and adjuvant chemotherapy).  

The ovarian cancer data in the DGCD has previously been validated, and the registry was concluded 

to be valuable for quality monitoring in gynaecological oncology 6. Each patient is identified by a 

unique 10-digit number given to all Danish citizens by the CPR registry when residence permits are 

gained 7. 

 The DGCD included 2,831 women who had primary ovarian cancer surgery performed during the 

study period. The following were exclusion criteria: 1) a preoperative ASA score obtained more 
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than six months before surgery (n=119), presuming six months to be the maximum time period to 

surgery if neoadjuvant chemotherapy prior to surgery has been administrated, and 2) a 

histopathology requisition completed later than two weeks after surgery (n=58), signifying that the 

specific pathology requisition most certainly originate from the current surgery. From the CPR 

registry we produced information on mortality. 

 

Data on predictive variables   

From the DGCD we specifically obtained data on age at the time of surgery, preoperative ASA 

score 4 (indicating comorbidity at the time of surgery), preoperative BMI 8, preoperative smoking 

habits,  FIGO-stage 9, size of residual tumour tissue after surgery (visually evaluated by the surgeon 

at the end of surgery), perioperative blood transfusion, and calendar year of surgery. We also 

received data on alcohol consumption, but due to several missing pieces of data, this parameter was 

omitted from further analyses. All the above mentioned parameters, apart from alcohol, were 

evaluated as predictors of mortality. 

Age: Women were divided in two groups according to the median age: 1) age ≤ 61 years (young) 

and 2) age > 61years (old) at the time of surgery.  

ASA score: At the preoperative interview the anaesthetist reported the ASA score of each woman, 

who were divided in two groups: 1) ASA score = 1 (without comorbidity) and 2) ASA score > 1 

(with comorbidity). 

Smoking: At the preoperative interview, women were divided in two groups according to current 

smoking status: 1) non-smokers and 2) smokers.  

BMI: At the preoperative interview women were assigned into three groups according to BMI: 1) 

BMI <18.5 kg/cm2 (underweight), 2) BMI 18.5-25 kg/cm2 (normal), and 3) BMI >25 kg/cm2 

(overweight). 
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FIGO-stage: FIGO-stage was evaluated by the surgeon at the end of surgery, and women were 

divided into two groups: 1) FIGO-stages I and II (localised disease), and 2) FIGO-stages III and IV 

(advanced disease). 

Residual tumour: The size of residual tumour was evaluated by the surgeon at the end of surgery, 

and women were divided into three groups: 1) No residual tumour, 2) residual tumour ≤ 2 cm, and 

3) residual tumour > 2 cm. 

Blood transfusion: Women were grouped in two: 1) those who did not receive perioperative blood 

transfusion, and 2) those that did.  

 

Statistical analysis   

Overall survival was illustrated by Kaplan-Meier plot of each of the following variables: age 

(young, old), ASA score (1 and > 1), smoking (no, yes), BMI (underweight, normal, overweight), 

FIGO-stage (localised, advanced), residual tumour tissue after surgery (none, ≤ 2 cm, and > 2 cm), 

and perioperative blood transfusion (no, yes). Predictive variables of interests were assessed 

descriptively according to death within 0-180 days and 181-360 after surgery. To estimate the time-

varying effect of the predictive variables on survival within the two time periods (0-180 days and 

181-360 after surgery) we used an extended Cox model 10. Included variables followed the 

abovementioned categorisation, and calendar year of surgery was included as a continuous variable. 

Since missing data concerning smoking was observed not to be random, the estimates obtained for 

this variable may be biased. Accordingly, if there is any interaction between this variable and other 

covariates, estimates of other covariates may also be biased. Omitting smoking from the model did 

not substantially change the estimates of the other variables, and thus the final model was reduced 

based on the results of the Wald tests. The final model included the following variables: age, ASA 

score, BMI, FIGO-stage, residual tumour tissue after surgery, perioperative blood transfusion, and 
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calendar year. After applying the model, we tested whether there is a significant difference for each 

predictor variable between the two time periods by performing a Wald test. The results of the 

extended Cox model were reported by the Hazard Ratio (HR) and 95% confidence intervals (95% 

CI), and the Wald test with the p-values.  

The present study was approved by the Danish Data Protection Agency (J. nr. 2012-41-0485). All 

analyses were conducted using Stata 12 software (StataCorp LP, College Station, TX, USA). 

RESULTS 

Our study included 2,654 women with primary ovarian cancer surgery from 1 January 2005 to 31 

December 2012. At the time of surgery the majority of women were old (58%), with a preoperative 

ASA score >1 (61%), normal weighted (52%), had advanced FIGO-stage (63%), and radical 

surgery (68%), and did not receive perioperative blood transfusion (75%) (Table 1). Overall one-

year survival was 51%. A total of 1,288 women (49%) died within the first postoperative year. 

Women who died after surgery (both within 0-180 days and 181-360 days) were all characterised 

by old age, ASA score >1, and advanced FIGO-stage. For further descriptive details, see Table 1.  

Survival 

The Kaplan-Meier figures show the separate effect of the included predictive variables on survival 

up to 360 days after surgery (Figure 1). The figures illustrate a worse rate of survival in old 

compared to young women, in women with ASA score >1 compared to ASA=1, in underweight 

women compared to over- and normal weight women, in women with advanced FIGO-stage 

compared to localised FIGO-stage, in women with >2cm residual tumour tissue left at surgery 

compared to ≤2cm, and no residual tumor tissue, respectively, and in women who received 

perioperative blood transfusion in comparison to no transfusion. 
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Predictors on mortality 

The results of the Cox regression analysis are shown in Table 2. Old age had a statistically 

significant negative impact on mortality both within 0-180 days and 181-360 days after surgery. 

ASA score ≥1 had a statistically significant negative impact on mortality only within 0-180 days 

after surgery. The magnitude of the effect of old age, as well as ASA score ≥1 decreased 

significantly during time, for age with HR=2.68 (95% CI 1.85-3.89) within 0-180 days after 

surgery, to HR=1.05 (95% CI 1.08-2.09) within 181-360 days, and for ASA score with HR=2.22 

(95% CI 1.50-3.29) within 0-180 days after surgery to HR=1.30 (95% CI 0.92-1.83) within 181-360 

days. Being underweight increased mortality in both time periods compared with normal weighted 

women with HR=2.01 (95% CI 1.30-3.10) and 2.09 (95% CI 1.18-3.67) within 0-180 days and 181-

360 days after surgery, respectively. Advanced FIGO-stage only had a statistically significant effect 

within 181-360 days after surgery (HR=2.80 (95% CI 1.75-4.48)). Residual tumour ≤ 2 cm and  

> 2cm significantly decreased survival in both time periods after surgery, with the most pronounced 

effect for residual tumour > 2cm within 0-180 days after surgery (HR=4.58 (95% CI 3.19-6.56)). 

The impact of residual tumour > 2cm significantly decreased between the two time periods after 

surgery. Perioperative blood transfusion significantly increased mortality in the period 0-180 days 

after surgery (HR=1.61 (95% CI 1.21-2.15). In the model, calendar year of surgery, did not affect 

mortality. 

 

DISCUSSION 

The present study examined predictors of mortality within 0-180 days and 181-360 days after 

primary ovarian cancer surgery. Within 0-180 days after surgery the most important predictors of 

mortality were residual tumor tissue > 2cm and ≤ 2cm, and old age, where residual tumour tissue of 
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more than 2cm was the most important predictor of death within the first six months after surgery. 

Within 181-360 days after surgery advanced FIGO-stage, being underweight, and residual tumour 

tissue > 2cm were the three most important predictors of mortality. It is worth noting that our study 

suggests that being underweight significantly increases mortality within the first postoperative year. 

Our study has several strengths; it is based on nationwide prospective registered data, it includes 

several important predictive variables for mortality, and no women were lost at follow-up due to 

complete information during the entire study period. The validity of data in the DGCD is essential 

for our results and the database has previously been validated on primary epithelial ovarian cancer 

by a comparison of the surgical and histopathological data in the registry with the corresponding 

medical file and the National Registry of Patients as reference. The DGCD was found to be 

valuable for quality monitoring in gynaecological oncology 6.   

We observed that residual tumour tissue (both less and more than 2cm) left at surgery has a 

statistically significant negative effect on survival in both periods after surgery. This finding has 

been outlined in many other studies 11,12,13 , but our results indicate that residual tumour of more 

than 2cm are the most important predictor of death within the first six months after surgery. The 

presents results and other studies unambiguously identify macroscopic tumour tissue resection as an 

important surgical issue in improving survival 14,15,16 

We also observed advanced FIGO-stage to be an important predictor of mortality, but mainly within 

181-360 days after surgery. The negative impact of advanced FIGO-stage on mortality is well 

known, and has been described in other investigations 14,15,16, but the negative effect on mortality 

within the first year after surgery has not previously been reported.  

We observed underweight to be a predictor of mortality both 0-180 days and 181-360 days after 

surgery. In contrast, Skírnisdóttir et al 17 concluded that BMI did not influence survival when 

evaluating women with low-stage ovarian cancer. As in our study, Skírnisdóttir et al used the BMI 
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reported at the time of surgery, but although they did not evaluate its influence on survival until 19-

214 months later. Therefore, for the first time we report the negative effect of being underweight on 

mortality within the first postoperative year. Malnutrition and ascites are well-known problems 

among ovarian cancer patients 18,19. Due to the frequent concomitant presence of ascites, the real 

preoperative BMI may be lower than measured, and the negative influence exerted by underweight 

thereby underestimated in our analyses. In a recent study, Ataseven et al 20 observed low 

preoperative albumin to be an independent predictor for severe postoperative complications, and to 

be independently associated with reduced overall survival. We did not have information of serum 

albumin which could have qualified the measurement of nutritional status. Body composition CT 

may even be superior to serum albumin when nutritional status prior to surgery is evaluated due to 

the observation regarding low subcutaneous and muscular fat as an independent predictor of 

mortality 21, but we did not have such examinations.  

In our study, old women demonstrated poorer survival in comparison to young women in the first 

year after surgery, with the most pronounced impact of old age on mortality observed 0-180 days 

after surgery and thereafter exceeded by more important factors. In several countries, the relative 

one- and five-year survival rates of women diagnosed with ovarian cancer have previously been 

reported to decrease with old age 22,23,24, however, to the best of our knowledge, the fact that the 

impact of old age occurs mainly in the first period after surgery it new information. Jørgensen et al 

25,  Trillsch et al 26, and Sabatier et al 27 noted that old women with ovarian cancer may demonstrate 

worse survival due to potentially inferior treatment, but our data does not include information to 

illuminate this aspect.  

We found comorbidity (ASA >1) as a predictor of mortality, but only at 0-180 days after surgery, 

and with a decreasing importance over time. Grann et al 28, and Sperling et al 29 also observed 

comorbidity to be a predictor of mortality. However, in contrast to our results, they did not evaluate 
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the effect on the immediate postoperative time period, but evaluated data after one (Grann and 

Sperling28,29), and five years (Grann 28), respectively. Consequently, our data also offers new 

information in this field, and may indicate that reduction of any preexisting comorbidity might be 

important in increasing survival after primary ovarian cancer surgery.  

Perioperative blood transfusion was observed to be a predictor of mortality 0-180 days after 

surgery. Within women with ovarian cancer this is a new finding, but a negative effect of blood 

transfusion on survival has been described in other diseases. As reported by Schiergens et al 30   

perioperative blood transfusion was observed to be an independent predictor for reduced 

recurrence-free survival when evaluating patients undergoing curative intended liver resection for 

colorectal liver metastases, while preoperative anaemia, major intraoperative blood loss, and major 

postoperative complications were all independently associated with the need for transfusion. Hallet 

et al 31 also found perioperative blood transfusion to be an independent predictor for both reduced 

overall survival and reduced recurrence-free survival when evaluating patients with partial 

hepatectomy following colorectal liver metastasis. Among gynaecologic cancer patients who 

received perioperative blood transfusion(s), transfusion was also found to be associated with higher 

morbidity and increased mortality within the immediate 30 days after surgery, when controlling for 

parameters such as age, comorbidity, preexisting anaemia, type of surgery etc.32. Immune 

modulatory mechanisms have been suggested to induce the above-mentioned complications 33, but 

the total transfused blood units and the cancer stage should also be considered due to a possible 

negative effect relating to the more blood units transfused, and the more advanced cancer stage 32. 

Since the DGCD does not contain information on haemoglobin levels, classified aneamia in general 

or total transfused blood units, we were unable to evaluate any possible influence of these 

parameters. This might indicate that perioperative blood transfusion should only be prescribed to a 

very restricted group of patients, although this aspect needs to be studied in more detail.   
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Our study also contains limitations. Firstly, we have a considerable amount of missing data on 

certain variables, and we could therefore not examine the impact of smoking and alcohol. Secondly, 

we were unable to perform analyses regarding neoadjuvant chemotherapy prior to surgery simply 

due to absent information on this parameter throughout the entire study period, and thirdly, it would 

have been valuable with access to laboratory data (data, however, not being available nationwide). 

Residual tumor tissue, advanced FIGO-stage, being underweight, old age, comorbidity, and 

perioperative blood transfusion were all found to be predictors of mortality within the first year 

after primary ovarian cancer surgery, although no effect on calendar year of surgery was observed. 

Our results suggest that that the surgeon should not only aim for radical surgery, but also pay 

special attention to comorbidity, nutritional state, old age, and the need for perioperative blood 

transfusion. These findings should be confirmed in other settings, and future studies are needed to 

assess the impact of smoking, alcohol, units of blood transfused, and neoadjuvant chemotherapy as 

predictors of mortality within the first postoperative year after primary ovarian cancer surgery. 

 

ARTICLE SUMMARY 

In the present study we aimed to examine predictors of mortality within 0-180 days and 181-360 

days after ovarian cancer surgery. The examined predictors were age, ASA score, BMI, FIGO-

stage, residual tumour tissue after surgery, perioperative blood transfusion, and calendar year of 

surgery. Overall one-year survival was 51 %. The most important predictors of mortality within one 

year after surgery were residual tumour tissue, advanced FIGO stage, and low BMI. Our results 

suggest that the surgeon should aim for radical surgery. However, comorbidity, being underweight, 

and blood transfusion were also significant predictors of mortality and need to be studied in more 

detail.  
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Table 1. Descriptive characteristics according to death up to 361 days after primary ovarian 

cancer surgery in Danish women performed from 2005-2012 (percentage distribution in 

brackets).  

 

  Number of women  
 

Women who 
died within  
0-180 days 
after surgery  

 

Women who 
died within  
181-360 days 
after surgery  

 

Women who 
survived at 

least 361 days 
after surgery  

All women   2,654 (100) 226 (9) 1,062 (40) 1,366 (51) 

Age  
 

Young (%) 
Old (%) 

1,120 (42) 
1,534 (58) 

35 (15) 
191 (85) 

409 (39) 
653 (61) 

676 (49) 
690 (51) 

ASA  
 

 
 
Smoking 
 
 
 
BMI 

 
 
 
 
FIGO-stage 
 
 
 

Score 1 (%) 
Score > 1 (%) 

Missing (%) 
 
No (%) 
Yes (%) 
Missing (%) 
 
Underweight (%) 

Normal (%) 
Overweight (%) 
Missing (%) 
 
Localized (%) 
Advanced (%) 
Missing (%) 

1,023 (39) 
1,622 (61) 

9 (0) 
 

1,306 (49) 
1,046 (39) 
303 (11) 

 
117 (4) 

1,369 (52) 
1,095 (41) 

73 (3) 
 

965 (36) 
1,668 (63) 

21 (1) 

33 (14) 
192 (85) 

1 (0) 
 

95 (42) 
89 (39) 
42 (19) 

 
24 (11) 

122 (54) 
72 (32) 
8 (4) 

 
34 (15) 
190 (84) 

2 (1) 

370 (35) 
687 (65) 

5 (0) 
 

520 (49) 
399 (38) 
143 (13) 

 
42 (4) 

553 (52) 
438 (41) 
29 (3) 

 
186 (18) 
868 (82) 

8 (1) 

620 (45) 
743 (54) 

3 (0) 
 

691 (51) 
558 (41) 
117 (9) 

 
51 (4) 

694 (51) 
585 (43) 
36 (3) 

 
745 (55) 
610 (45) 
11 (1) 

 

Residual tumour None (%) 
≤ 2 cm (%) 
> 2 cm (%) 
Missing (%) 

1,798 (68) 
328 (12) 
519 (20) 

9 (0) 

65 (29) 
45 (20) 
115 (51) 

1 (0) 

585 (55) 
193 (18) 
279 (26) 

5 (0) 

1,148 (84) 
90 (7)  
125 (9) 
3 (0) 

Blood transfusion No (%) 
Yes (%) 
Missing (%) 

2,000 (75) 
648 (24) 

6 (0) 

143 (63) 
83 (37) 
0 (0) 

756 (71) 
304 (29) 

2 (0) 

1,101 (81) 
261 (19) 

4 (0) 
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Table 2. Results from Cox regression analyses estimating the impact of possible predictive 

variables on mortality after primary ovarian cancer surgery in Danish women from 2005-2012. 

Data are reported by Hazard Ratio (HR) and 95% confidence intervals (CI), and the results of 

the time-interval heterogeneity test are reported by p-values. 

 

 

Variable 
0 - 180 days after 

surgery, HR (95% CI) 

181 – 360 days after 

surgery, HR (95% CI) 

p-values for 

Wald tests 

Age 

(Old vs. Young) 

 

2.68 (1.85–3.89) 
 

 

1.50 (1.08–2.09) 

 

0.0221 

ASA score 
(>1 vs. 1) 

 

 

2.22 (1.50–3.29) 

 
1.30 (0.92–1.83) 

 

 
0.0435 

 
BMI 

(Underweight vs. Normal) 

 

2.01 (1.30-3.10) 

 

2.09 (1.18-3.67) 

 

0. 9203 

BMI 

(Overweight vs. Normal) 

 

0.80 (0.59-1.08) 

 

1.07 (0.78-1.46) 

 

0.1905 

Residual tumour 

(≤ 2 cm vs. None) 

 

2.50 (1.64–3.82) 

 

1.69 (1.12–2.55) 
 

0.1938 

Residual tumour 

(> 2 cm vs. None) 
4.58 (3.19–6.56) 

 
1.87 (1.27–2.74) 

 

 

0.0009 

FIGO-stage 

(Advanced vs. Localized) 
1.28 (0.83–1.95) 

 

2.80 (1.75–4.48) 
 

 

0.0153 

Blood transfusion 
(Yes vs. No) 

 

1.61 (1.21-2.15) 1.27 (0.92-1.77) 
 

0.2843 

 
Calendar year 

(Increasing) 
 

0.87 (0.72-1.05) 1.00 (0.82-1.23) 
 

0.3034 
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Figure 1.  
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Key results 18 Summarise key results with reference to study objectives 12 

Limitations    

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

8-12 

Generalisability 21 Discuss the generalisability (external validity) of the study results 12 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based 

Reported in the 

submission system 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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ABSTRACT 

Objectives: To identify predictors of mortality within one year after primary surgery of ovarian 

cancer.  

Design: Prospective nationwide cohort study from January 1st, 2005 to December 31st, 2012. 

Setting: Evaluation of data from the Danish Gynaecology Cancer Database and the Danish Civil 

Registration System.  

Participants: 2,654 women with primary diagnosis of ovarian cancer surgery.  

Outcome measures: Overall survival and predictors of mortality within 0-180 days and 181-360 

days after the primary surgery. Examined predictors were age, preoperative American Society of 

Anesthesiologists (ASA) score, body mass index (BMI), International Federation of Gynaecology 

and Obstetrics (FIGO) stage, residual tumour tissue after surgery, perioperative blood transfusion, 

and calendar year of surgery.  

Results: The overall one-year survival was 84%. Within 0-180 days after surgery, the three most 

important predictors of mortality from the multivariable model were residual tumour tissue >2 cm 

versus no residual tumour (HR=4.58 (95% CI 3.20-6.59)), residual tumour tissue ≤2 cm versus no 

residual tumour (HR=2.50 (95% CI 1.63-3.82)), and age >64 years versus age ≤64 years (HR=2.33 

(95% CI 1.69-3.21)). Within 181-360 days after surgery FIGO-stage III-IV versus FIGO-stage I-II 

(HR=2.81(95% CI 1.75-4.50), BMI <18.5 kg/cm2 versus BMI 18.5-25 kg/cm2 (HR=2.08 (95% CI 

1.18-3.66)), and residual tumour tissue >2 cm versus no residual tumour (HR=1.84 (95% CI 1.25-

2.70)) were the three most important predictors.  

Conclusions: The most important predictors of mortality within one year after surgery were 

residual tumour tissue (0-180 days after surgery) and advanced FIGO-stage (181-360 days after 

surgery). However, our results suggest that the surgeon should not only aim for radical surgery, but 
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also pay special attention to comorbidity, nutritional state, age >64, and the need for perioperative 

blood transfusion. 
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Strengths and limitations of this study 

• A population-based study with prospective registered data 

• A total of 2,654 women were included 

• High quality of data sources and no loss to follow-up 

• Adjustment for several factors: age, preoperative health score, body mass index, FIGO-stage, 

residual tumour tissue after surgery, perioperative blood transfusion 

• Unable to perform analyses regarding neoadjuvant chemotherapy prior to surgery 

• Missing data on smoking and alcohol 

• No access to laboratory data 

• Unknown cause of death 

 

 

INTRODUCTION 

The 5-year survival is a traditional measure of the survival of cancer patients. Women with ovarian 

cancer have a median survival of approximately two years 1 and we may overlook important factors 

for survival by primarily focusing on the long-term survival. Ovarian cancer has a high mortality 2, 

and we need to focus on additional areas of prognostic importance in order to improve the outcome.  

Previous studies of the survival of women with ovarian cancer have focused on mortality within the 

first 30-60 days after surgery or on long-term survival. These studies have identified commonplace 

predictors of mortality (i.e. complications to surgery, FIGO-stage and residual tumour tissue 3). To 

the best of our knowledge, no former studies have focused on predictors on mortality within one 

year after primary ovarian cancer surgery. However, we hypothesised that analysing the 

intermediate survival of the women (up to one year after surgery) would provide valuable 

information on potentially significant factors for survival. If this hypothesis proves correct these 

factors should be considered in the perioperative settings and are useful in the counselling of the 
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patient. Using data from the nationwide Danish Gynaecology Cancer Database (DGCD) obtained 

from 2005 until 2012, and the Danish Civil Registration System (CPR registry), the aims were to 

examine predictors of mortality within 0-180 days and 181-360 days after primary ovarian cancer 

surgery. The examined predictors of mortality were age, preoperative American Society of 

Anaesthesiologists (ASA) score 4, smoking, body mass index (BMI), International Federation of 

Gynaecology and Obstetrics (FIGO) stage, residual tumour tissue after surgery, perioperative blood 

transfusion, and calendar year of surgery. 

 

MATERIALS AND METHODS 

Study population 

The study includes all Danish women who had undergone primary ovarian cancer surgery 

performed from January 1st, 2005 to December 31st, 2012, and identified in the DGCD. The DGCD 

is a national clinical database established on January 1st,  2005 5, and since then all patients with a 

first-time diagnosis of ovarian cancer have been prospectively registered. This was due to 

mandatory reports from all Danish departments of gynaecology and histopathology. The DGCD 

contains details about preoperative patient characteristics (i.e. age, ASA score, smoking, and BMI), 

perioperative information (i.e. FIGO-stage, residual tumour tissue after surgery, blood transfusion, 

etc.), and postoperative details (i.e. histopathology, final tumour stage verification, complications, 

and adjuvant chemotherapy).  

The ovarian cancer data in the DGCD has previously been validated and the registry was concluded 

to be valuable for quality monitoring in gynaecological oncology 6. Each patient is identified by a 

unique 10-digit number given to all Danish citizens by the CPR registry when residence permits are 

obtained 7. 
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The DGCD included 2,831 women who had primary ovarian cancer surgery during the study 

period. The following were exclusion criteria: 1) a preoperative ASA score obtained more than six 

months before surgery (n=119), presuming six months to be the maximum time period to surgery if 

neoadjuvant chemotherapy had been administrated, and 2) a histopathology requisition completed 

later than two weeks after surgery (n=58), signifying that the specific pathology requisition most 

certainly originates from the current surgery. The CPR registry provided information on overall 

mortality. 

 

Data on predictive variables   

From the DGCD we specifically obtained data on age at the time of surgery, preoperative ASA 

score 4 (indicating comorbidity at the time of surgery), preoperative BMI 8, preoperative smoking 

habits,  FIGO-stage 9, size of residual tumour tissue after surgery (visually evaluated by the surgeon 

at the end of surgery), perioperative blood transfusion, and calendar year of surgery. We also 

received data on alcohol consumption, but due to several missing pieces of data, this parameter was 

omitted from further analyses. All the above mentioned parameters, apart from alcohol, were 

evaluated as predictors of mortality. 

Age: The women were divided in two groups according to the median age: 1) age ≤64 years and 2) 

age >64 years at the time of surgery.  

ASA score: The anaesthetist reported the preoperative ASA score of each woman, who were 

divided in two groups: 1) ASA score = 1 (without comorbidity) and 2) ASA score >1 (with 

comorbidity). 

Smoking: At the preoperative interview, women were divided in two groups according to the 

current smoking status: 1) non-smokers and 2) smokers.  

BMI: Usually BMI is divided in the following groups: underweight, normal, overweight, and obese, 
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but in our study population only a small group of women had BMI ≥30. Therefore, all women were 

assigned into three groups according to BMI: 1) BMI <18.5 kg/cm2 (underweight), 2) BMI 18.5-25 

kg/cm2 (normal), and 3) BMI >25 kg/cm2 (overweight).  

FIGO-stage: The women were divided in two groups: 1) FIGO-stages I and II (localised disease), 

and 2) FIGO-stages III and IV (advanced disease). 

Residual tumour: The size of the residual tumour was evaluated by the surgeon at the end of 

surgery thereby forming three groups: 1) No residual tumour, 2) residual tumour ≤2 cm, and 3) 

residual tumour >2 cm. 

Blood transfusion: The women were grouped in two: 1) those who did not receive perioperative 

blood transfusion, and 2) those who did.  

 

Statistical analysis   

The overall survival was illustrated by Kaplan-Meier plots of each of the following variables: age 

(≤64 years and >64 years), ASA score (1 and >1), smoking (no, yes), BMI (underweight, normal, 

overweight), FIGO-stage (localised, advanced), residual tumour tissue after surgery (none, ≤2 cm, 

and >2 cm), and perioperative blood transfusion (no, yes). Predictive variables of interests were 

assessed descriptively according to death within 0-180 days and 181-360 after surgery. To estimate 

the time-varying effect of the predictive variables on survival within the two time periods (0-180 

days and 181-360 after surgery) we used an extended Cox model 10. Included variables followed the 

above mentioned categorisation, and the calendar year of surgery was included as a continuous 

variable. Since missing data concerning smoking was observed not to be random, the estimates 

obtained for this variable may be biased. Accordingly, if there is any interaction between this 

variable and other covariates, estimates of other covariates may also be biased. Omitting smoking 

from the model did not substantially change the estimates of the other variables, and thus the final 
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model was reduced based on the results of the Wald tests. The final model included the following 

variables: age, ASA score, BMI, FIGO-stage, residual tumour tissue after surgery, perioperative 

blood transfusion, and calendar year. After applying the model, we tested whether there is a 

significant difference for each predictor variable between the two time periods by performing a 

Wald test. The results of the extended Cox model were reported by the Hazard Ratio (HR) and 95% 

confidence intervals (95% CI), and the Wald test with the p-values.  

All analyses were conducted using Stata 12 software (StataCorp LP, College Station, TX, USA). 

The present study was approved by the Danish Data Protection Agency (J. nr. 2012-41-0485). 

According to Danish law, ethical approval and patient consent is not required for purely registry-

based studies.  

RESULTS 

Our study included 2,654 women with primary ovarian cancer surgery from January 1st, 2005 to 

December 31st, 2012. The majority of these women was characterized by age ≤64 years (52%), 

preoperative ASA score >1 (61%), normal BMI (52%), advanced FIGO-stage (63%), radical 

surgery (68%), and no perioperative blood transfusion (75%) (Table 1). The overall one-year 

survival was 84%. A total of 412 women (16%) died within the first postoperative year. Women 

who died after surgery (both within 0-180 days and 181-360 days) were predominantly 

characterised by age >64 years, ASA score >1, and advanced FIGO-stage. For further descriptive 

details, see Table 1.  

Survival 

The Kaplan-Meier figures show the separate effect of the included predictive variables on survival 

up to 360 days after surgery (Figure 1). The figures illustrate a decreased survival in women >64 
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years compared to women ≤64 years, in women with ASA score >1 compared to ASA=1, in 

underweight women compared to over- and normal weight women, in women with advanced FIGO-

stage compared to localised FIGO-stage, in women with >2 cm residual tumour tissue left at 

surgery compared to ≤2 cm, and no residual tumour tissue, respectively, and in women who 

received perioperative blood transfusion in comparison to no transfusion. 

 

Predictors on mortality 

Table 2 shows the results of the multivariable Cox regression analysis and the included variables 

were thus mutually adjusted in the model. Age >64 years had a statistically significant negative 

impact on mortality both within 0-180 days and 181-360 days after surgery. ASA score ≥1 had a 

statistically significant negative impact on mortality only within 0-180 days after surgery. The 

magnitude of the effect of ASA score ≥1 decreased significantly during time with HR=2.17 (95% 

CI 1.46-3.23) within 0-180 days after surgery to HR=1.25 (95% CI 0.88-1.76) within 181-360 days. 

Being underweight increased mortality in both time periods compared with normal weighted 

women with HR=2.01 (95% CI 1.29-3.07) and HR=2.08 (95% CI 1.18-3.66) within 0-180 days and 

181-360 days after surgery. Advanced FIGO-stage only had a statistically significant effect within 

181-360 days after surgery (HR=2.81 (95% CI 1.75-4.50). Residual tumour ≤2 cm and >2 cm 

significantly decreased survival in both time periods after surgery, with the most pronounced effect 

for residual tumour >2 cm within 0-180 days after surgery (HR=4.58 (95% CI 3.20-6.59)). The 

impact of residual tumour >2 cm significantly decreased with time. Perioperative blood transfusion 

significantly increased mortality in the period 0-180 days after surgery (HR=1.62 (95% CI 1.21-

2.16). In the model, calendar year of surgery did not affect mortality. 

Some interaction exists between residual tumour and FIGO stage, but this did not change the overall 

conclusions.  
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DISCUSSION 

Predictors of the ovarian cancer mortality within the first year after surgery have not been 

intensively investigated. However, focusing only on the perioperative mortality and the 5-year 

survival may result in overlooking factors important for the survival of the patient. The present 

study examined predictors of mortality within 0-180 days and 181-360 days after primary ovarian 

cancer surgery. Within 0-180 days after surgery the three most important predictors of mortality 

were residual tumour >2cm followed by residual tumour ≤2 cm, and age >64 years. Within 181-360 

days after surgery advanced FIGO-stage, underweight, and residual tumour tissue >2cm were the 

three most important predictors of mortality. Less important, but still statistically significant 

predictors of survival in the first six months after surgery, were ASA >1 and perioperative blood 

transfusion. Underweighted women had a significantly increased mortality within the first 

postoperative year. 

Our study has several strengths; it is based on nationwide prospective registered data, it includes 

several important predictive variables for mortality, and no women were lost at follow-up due to 

complete information during the entire study period. The validity of data in the DGCD is essential 

for our results and the database has previously been successfully validated on primary epithelial 

ovarian cancer by a comparison of the surgical and histopathological data in the registry with the 

corresponding medical file and the National Registry of Patients as reference 6.   

We observed that residual tumour tissue (both less and more than 2 cm) left at surgery has a 

statistically significant negative effect on survival in both periods after surgery. This finding has 

been outlined in many other studies 11,12,13 , but our results indicate that residual tumour of more 

than 2 cm is the most important predictor of death within the first six months after surgery. The 
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presents results and other studies unambiguously identify macroscopic tumour tissue resection as an 

important surgical issue in improving survival 14,15,16. 

We were unable to identify women treated with neoadjuvant chemotherapy prior to surgery due to 

absent data throughout the entire study period. Since preoperative neoadjuvant chemotherapy is 

mainly administered to women with advanced FIGO-stages disease, in combination with the 

possible underestimation of residual tumour tissue at surgery following neoadjuvant chemotherapy 

13, our results may be biased due to the possible blend of women with different characteristics. 

However, as neo-adjuvant chemotherapy is only administered to advanced FIGO-stages it is 

unlikely that our strongest predictor of mortality (residual tumour tissue) within one year after 

surgery is biased, and our main conclusion of this study remains unchanged. 

We also observed advanced FIGO-stage to be an important predictor of mortality, but mainly within 

181-360 days after surgery. The negative impact of advanced FIGO-stage on mortality is well 

known and has been described in other investigations 14,15,16, but the negative effect on mortality 

within the first year after surgery has not previously been reported. We observed underweight to be 

a predictor of mortality both 0-180 days and 181-360 days after surgery. In contrast, Skírnisdóttir et 

al 17 concluded that BMI did not influence survival when evaluating women with low-stage ovarian 

cancer. As in our study, Skírnisdóttir et al used the BMI reported at the time of surgery, but they did 

not evaluate its influence on survival until 19-214 months later. Therefore, for the first time, we 

report the negative effect of being underweight on mortality within the first postoperative year. 

Malnutrition and ascites are well-known problems among ovarian cancer patients 18,19. Due to the 

frequent concomitant presence of ascites, the real preoperative BMI may be lower than measured 

and the negative influence exerted by underweight is thereby underestimated in our analyses. In a 

recent study, Ataseven et al 20 observed low preoperative albumin to be an independent predictor for 

severe postoperative complications, and to be independently associated with reduced overall 
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survival. We did not have information of serum albumin which could have qualified the 

measurement of nutritional status. Body composition CT scan may even be superior to serum 

albumin when nutritional status prior to surgery is evaluated, due to the observation regarding low 

subcutaneous and muscular fat as an independent predictor of mortality 21, but we did not have such 

examinations.  

In our study, women >64 years demonstrated poorer survival in comparison to women ≤64 years in 

the first year after surgery, with the most pronounced impact of older age on mortality observed 0-

180 days after surgery and thereafter exceeded by more important factors. In several countries, the 

relative one and five-year survival of women diagnosed with ovarian cancer have previously been 

reported to decrease with old age 22,23,24. However, to the best of our knowledge, the fact that the 

impact of old age occurs mainly in the first period after surgery is new information. Jørgensen et al 

25,  Trillsch et al 26, and Sabatier et al 27 noted that old women with ovarian cancer may demonstrate 

worse survival due to potentially inferior treatment, but our data does not include information to 

illuminate this aspect.  

We found comorbidity (ASA >1) as a predictor of mortality, but only at 0-180 days after surgery, 

and with a decreasing importance over time. Grann et al 28, and Sperling et al 29 also observed 

comorbidity to be a predictor of mortality. However, in contrast to our results, they did not evaluate 

the effect on the immediate postoperative time period, but evaluated data after one (Grann and 

Sperling28,29), and five years (Grann 28). Consequently, our data also offers new information in this 

field and may indicate that reduction of any pre-existing comorbidity could be important in the 

increasing survival after primary ovarian cancer surgery.  

Perioperative blood transfusion was observed to be a predictor of mortality 0-180 days after 

surgery. This is a new finding in women with ovarian cancer, but a negative effect of blood 

transfusion on survival has been described in other diseases 30,31. Among gynaecological cancer 
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patients, transfusion has been described to be associated with higher morbidity and increased 

mortality within the immediate 30 days after surgery, when controlling for parameters such as age, 

comorbidity, pre-existing anaemia, type of surgery etc.32. Immune modulatory mechanisms are 

suggested to induce the above-mentioned complications 33. Since the DGCD does not contain 

information on haemoglobin levels or total transfused blood units, we were unable to evaluate any 

possible influence of these parameters. Our findings might indicate that perioperative blood 

transfusion should only be prescribed to a very restricted group of patients, although this aspect 

needs to be studied in more detail.   

Our study also has limitations. Missing information on smoking and alcohol prevented examining 

the impact on survival. As discussed previously, analyses regarding neoadjuvant chemotherapy 

prior to surgery were not available due to absent information of this parameter throughout the entire 

study period. In addition, information regarding laboratory data would have been valuable. Other 

causes of death than ovarian cancer increase with age and the use of overall survival may have 

caused confounding. However, information on the causes of death was not available. 

Residual tumour tissue, advanced FIGO-stage, being underweight, age >64 years, comorbidity, and 

perioperative blood transfusion were all found to be predictors of mortality within the first year 

after primary ovarian cancer surgery. Our results suggest that the surgeon should not only aim for 

radical surgery, but also pay attention to comorbidity, nutritional state, age >64 years, and the use of 

perioperative blood transfusion. These findings should be confirmed in other settings, and future 

studies are needed to assess the impact of smoking, alcohol, units of blood transfused, and 

neoadjuvant chemotherapy as predictors of mortality within the first postoperative year after 

primary ovarian cancer surgery.  
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ARTICLE SUMMARY 

In the present study, we aimed to examine predictors of mortality within 0-180 days and 181-360 

days after ovarian cancer surgery. The examined predictors were age, ASA score, BMI, FIGO-

stage, residual tumour tissue after surgery, perioperative blood transfusion, and calendar year of 

surgery. The overall one-year survival was 84%. The most important predictors of mortality within 

one year after surgery were residual tumour tissue (0-180 days after surgery) and advanced FIGO- 

stage (181-360 days after surgery). Our results suggest that the surgeon should aim for radical 

surgery. However, comorbidity, being underweight, age >64 years, and blood transfusion were also 

significant predictors of mortality and need to be studied in more detail.  
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Table 1. Descriptive characteristics according to death up to 361 days after primary ovarian cancer 
surgery in Danish women performed from 2005-2012 (percentage distribution in brackets).  

 

  Number of women  
 

Women who 
died within  
0-180 days 

after surgery  
 

Women who 
died within  
181-360 days 

after surgery  
 

Women who 
survived at 
least 361 days 

after surgery  

All women   2,654 (100) 226 (9) 186 (7) 2,242 (84) 

Age*  
 

≤64 years (%) 

>64 years (%) 

1,380 (52) 

1,274 (48) 

53 (4) 

173 (14) 

75 (5) 

111 (9) 

1252 (91) 

990 (78) 

ASA  
 
 
 
Smoking 
 

 
 
BMI 
 
 
 
 

FIGO-stage 
 
 
 

Score 1 (%) 

Score >1 (%) 

Missing (%) 

 

No (%) 

Yes (%) 

Missing (%) 

 

Underweight (%) 

Normal (%) 

Overweight (%) 

Missing (%) 

 

Localized (%) 

Advanced (%) 

Missing (%) 

1,023 (39) 

1,622 (61) 

9 (0) 

 

1,306 (49) 

1,046 (39) 

302 (11) 

 

117 (4) 

1,369 (52) 

1,095 (41) 

73 (3) 

 

965 (36) 

1,668 (63) 

21 (1) 

33 (3) 

192 (12) 

1 (11) 

 

95 (7) 

89 (9) 

42 (14) 

 

24 (20) 

122 (9) 

72 (6) 

8 (11) 

 

34 (4) 

190 (11) 

2 (10) 

52 (5) 

133 (8) 

1 (11) 

 

86 (7) 

74 (7) 

26 (9) 

 

17 (15) 

91 (7) 

74 (7) 

4 (5) 

 

24 (2) 

161 (10) 

1 (5) 

938 (92) 

1,297 (80) 

7 (78) 

 

1,125 (86) 

883 (84) 

234 (77) 

 

76 (65) 

1,156 (84) 

949 (87) 

61 (84) 

 

907 (94) 

1,317 (79) 

18 (85) 

 

Residual tumour None (%) 

≤2 cm (%) 

>2 cm (%) 

Missing (%) 

1,798 (68) 

328 (12) 

519 (20) 

9 (0) 

65 (4) 

45 (14) 

115 (22) 

1 (11) 

86 (5) 

36 (11) 

63 (12) 

1 (11) 

1,647 (91) 

247 (75)  

341 (66) 

7 (78) 

Blood transfusion 
 
 
 

Calender year 

No (%) 

Yes (%) 

Missing (%) 

 

2005-2007 

2007-2009 

2009-2012 

2,000 (75) 

648 (24) 

6 (0) 

 

764(29) 

1,073 (40) 

817 (31) 

143 (7) 

83 (13) 

0 (0) 

 

81 (11) 

99 (9) 

46 (6) 

125 (6) 

60 (9) 

1 (17) 

 

53 (7) 

79 (7) 

54 (6) 

1,732 (87) 

505 (78) 

5 (83) 

 

630 (82) 

895 (84) 

717 (88) 

* Age was divided in two groups according to the median age 
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Table 2. Results from the Cox multivariable regression analyses estimating the impact of possible 
predictive variables on mortality after primary ovarian cancer surgery in Danish women from 2005-
2012. Data is reported by Hazard Ratio (HR), 95% confidence intervals (CI), and the results of the 
time-interval heterogeneity test are reported by p-values. 
All HR were mutually adjusted for the other variables. 
 
 

Variable 

0 - 180 days  

after surgery,  

HR (95% CI) 

181 – 360 days 

after surgery,  

HR (95% CI) 

p-values for test for 

homogeneity between 

the two time periods 

Age 

(>64 years vs. ≤64 years) 

 

2.33 (1.69–3.21) 
 

 

1.64 (1.19–2.25) 

 

0.1240 

ASA score 

(>1 vs. 1) 

 

 
2.17 (1.46–3.23) 

 

1.25 (0.88–1.76) 

 

 

0.0383 

 
BMI 

(Underweight vs. Normal) 

 

2.01 (1.29-3.07) 

 

2.08 (1.18-3.66) 

 

0. 9046 

BMI 
(Overweight vs. Normal) 

 
0.82 (0.61-1.11) 

 
1.08 (0.79-1.48) 

 
0.2093 

Residual tumour 

(≤2 cm vs. None) 

 

2.50 (1.63–3.82) 

 

1.68 (1.11–2.53) 
 

0.1863 

Residual tumour 
(>2 cm vs. None) 

4.58 (3.20–6.59) 
 

1.84 (1.25–2.70) 

 

 
0.0007 

FIGO-stage 

(Advanced vs. Localized) 
1.28 (0.83–1.96) 

 
2.81 (1.75–4.50) 

 

 

0.0151 

Blood transfusion 

(Yes vs. No) 
 

1.62 (1.21-2.16) 1.28 (0.92-1.78) 
 

0.2912 
 

Calendar year 
(Increasing) 

 

0.86 (0.72-1.04) 0.99 (0.81-1.21) 
 
0.3076 

 

* Age was divided in two groups according to the median age 
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Figure 1  
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ABSTRACT 

Objectives: To identify predictors of mortality within one year after primary surgery for ovarian 

cancer.  

Design: Prospective nationwide cohort study from January 1st, 2005 to December 31st, 2012. 

Setting: Evaluation of data from the Danish Gynaecology Cancer Database and the Danish Civil 

Registration System.  

Participants: 2,654 women who underwent surgery due to a diagnosis of primary ovarian cancer.  

Outcome measures: Overall survival and predictors of mortality within 0-180 days and 181-360 

days after the primary surgery. Examined predictors were age, preoperative American Society of 

Anesthesiologists (ASA) score, body mass index (BMI), International Federation of Gynaecology 

and Obstetrics (FIGO) stage, residual tumour tissue after surgery, perioperative blood transfusion, 

and calendar year of surgery.  

Results: The overall one-year survival was 84%. Within 0-180 days after surgery, the three most 

important predictors of mortality from the multivariable model were residual tumour tissue >2 cm 

versus no residual tumour (HR=4.58 (95% CI 3.20-6.59)), residual tumour tissue ≤2 cm versus no 

residual tumour (HR=2.50 (95% CI 1.63-3.82)), and age >64 years versus age ≤64 years (HR=2.33 

(95% CI 1.69-3.21)). Within 181-360 days after surgery FIGO-stage III-IV versus FIGO-stage I-II 

(HR=2.81(95% CI 1.75-4.50), BMI <18.5 kg/cm2 versus BMI 18.5-25 kg/cm2 (HR=2.08 (95% CI 

1.18-3.66)), and residual tumour tissue >2 cm versus no residual tumour (HR=1.84 (95% CI 1.25-

2.70)) were the three most important predictors.  

Conclusions: The most important predictors of mortality within one year after surgery were 

residual tumour tissue (0-180 days after surgery) and advanced FIGO-stage (181-360 days after 

surgery). However, our results suggest that the surgeon should not only aim for radical surgery, but 
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also pay special attention to comorbidity, nutritional state, age >64, and the need for perioperative 

blood transfusion. 
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Strengths and limitations of this study 

• A population-based study with prospective registered data 

• A total of 2,654 women were included 

• High quality of data sources and no loss to follow-up 

• Adjustment for several factors: age, preoperative health score, body mass index, FIGO-

stage, residual tumour tissue after surgery, perioperative blood transfusion 

• Unable to perform analyses regarding neoadjuvant chemotherapy prior to surgery 

• Missing data on smoking and alcohol 

• No access to laboratory data 

• Unknown cause of death 
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INTRODUCTION 

The 5-year survival is a traditional measure of the survival of cancer patients. The majority (70-

80%) of women with ovarian cancer are diagnosed in advanced stages 1,2, with    a median survival 

of approximately two years 3 and we may therefore overlook important factors for survival by 

primarily focusing on the long-term survival. Ovarian cancer has a high mortality 4, and we need to 

focus on additional areas of prognostic importance in order to improve the outcome.  

Previous studies of the survival of women with ovarian cancer have focused on mortality within the 

first 30-60 days after surgery or on long-term survival. These studies have identified commonplace 

predictors of mortality (i.e. complications to surgery, FIGO-stage and residual tumour tissue 5). To 

the best of our knowledge, no former studies have focused on predictors on mortality within one 

year after primary ovarian cancer surgery. However, we hypothesised that analysing the 

intermediate survival of the women (up to one year after surgery) would provide valuable 

information on potentially significant factors for survival. If this hypothesis proves correct these 

factors should be considered in the perioperative settings and are useful in the counselling of the 

patient. Using data from the nationwide Danish Gynaecology Cancer Database (DGCD) obtained 

from 2005 until 2012, and the Danish Civil Registration System (CPR registry), the aims were to 

examine predictors of mortality within 0-180 days and 181-360 days after primary ovarian cancer 

surgery. The examined predictors of mortality were age, preoperative American Society of 

Anaesthesiologists (ASA) score 6, smoking, body mass index (BMI), International Federation of 

Gynaecology and Obstetrics (FIGO) stage, residual tumour tissue after surgery, perioperative blood 

transfusion, and calendar year of surgery. 

 

MATERIALS AND METHODS 

Study population 
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The study includes all Danish women who had undergone primary ovarian cancer surgery 

performed from January 1st, 2005 to December 31st, 2012, and identified in the DGCD. The DGCD 

is a national clinical database established on January 1st,  2005 7, and since then all patients with a 

first-time diagnosis of ovarian cancer have been prospectively registered. This was based on 

mandatory reports from all Danish departments of gynaecology and histopathology. The DGCD 

contains details about preoperative patient characteristics (i.e. age, ASA score, smoking, and BMI), 

perioperative information (i.e. FIGO-stage, residual tumour tissue after surgery, blood transfusion, 

etc.), and postoperative details (i.e. histopathology, final tumour stage verification, complications, 

and adjuvant chemotherapy).  

The ovarian cancer data in the DGCD has previously been validated and the registry was concluded 

to be valuable for quality monitoring in gynaecological oncology 8. Each patient is identified by a 

unique 10-digit number given to all Danish citizens by the CPR registry at birth or when residence 

permits are obtained 9. 

The DGCD included 2,831 women who had primary ovarian cancer surgery during the study 

period. The following were exclusion criteria: 1) a preoperative ASA score obtained more than six 

months before surgery (n=119), presuming six months to be the maximum time period to surgery if 

neoadjuvant chemotherapy had been administrated, and 2) a histopathology requisition completed 

later than two weeks after surgery (n=58), signifying that the specific pathology requisition most 

certainly originates from the current surgery. The CPR registry provided information on overall 

survival. 

 

Data on predictive variables   

From the DGCD we specifically obtained data on age at the time of surgery, preoperative ASA 

score 6 (indicating comorbidity at the time of surgery), preoperative BMI 10, preoperative smoking 
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habits,  FIGO-stage 11, size of residual tumour tissue after surgery (visually evaluated by the 

surgeon at the end of surgery), perioperative blood transfusion, and calendar year of surgery. We 

also received data on alcohol consumption, but due to several missing pieces of data, this parameter 

was omitted from further analyses. All the above mentioned parameters, apart from alcohol, were 

evaluated as predictors of mortality. 

Age: The women were divided in two groups according to the median age: 1) age ≤64 years and 2) 

age >64 years at the time of surgery.  

ASA score: The anaesthetist reported the preoperative ASA score of each woman, who were 

divided in two groups: 1) ASA score = 1 (without comorbidity) and 2) ASA score >1 (with 

comorbidity). 

Smoking: At the preoperative interview, women were divided in two groups according to the 

current smoking status: 1) non-smokers and 2) smokers.  

BMI: Usually BMI is divided in the following groups: underweight, normal, overweight, and obese, 

but in our study population only a small group of women had BMI≥30. Therefore, all women were 

assigned into three groups according to BMI: 1) BMI <18.5 kg/cm2 (underweight), 2) BMI 18.5-25 

kg/cm2 (normal), and 3) BMI >25 kg/cm2 (overweight).  

FIGO-stage: The women were divided in two groups: 1) FIGO-stages I and II (localised disease), 

and 2) FIGO-stages III and IV (advanced disease). 

Residual tumour: The size of the residual tumour was evaluated by the surgeon at the end of 

surgery thereby forming three groups: 1) No residual tumour, 2) residual tumour ≤2 cm, and 3) 

residual tumour >2 cm. 

Blood transfusion: The women were grouped in two: 1) those who did not receive perioperative 

blood transfusion, and 2) those who did.  
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Statistical analysis   

The overall survival was illustrated by Kaplan-Meier plots of each of the following variables: age 

(≤64 years and >64 years), ASA score (1 and >1), smoking (no, yes), BMI (underweight, normal, 

overweight), FIGO-stage (localised, advanced), residual tumour tissue after surgery (none, ≤2 cm, 

and >2 cm), and perioperative blood transfusion (no, yes). Predictive variables of interests were 

assessed descriptively according to death within 0-180 days and 181-360 after surgery. To estimate 

the time-varying effect of the predictive variables on survival within the two time periods (0-180 

days and 181-360 after surgery) we used an extended Cox model 12. Included variables followed the 

above mentioned categorisation, and the calendar year of surgery was included as a continuous 

variable. Since missing data concerning smoking was observed not to be random, the estimates 

obtained for this variable may be biased. Accordingly, if there is any interaction between this 

variable and other covariates, estimates of other covariates may also be biased. Omitting smoking 

from the model did not substantially change the estimates of the other variables, and thus the final 

model was reduced based on the results of the Wald tests. The final model included the following 

variables: age, ASA score, BMI, FIGO-stage, residual tumour tissue after surgery, perioperative 

blood transfusion, and calendar year. After applying the model, we tested whether there is a 

significant difference for each predictor variable between the two time periods by performing a 

Wald test. The results of the extended Cox model were reported by the Hazard Ratio (HR) and 95% 

confidence intervals (95% CI), and the Wald test with the p-values.  

All analyses were conducted using Stata 12 software (StataCorp LP, College Station, TX, USA). 

The present study was approved by the Danish Data Protection Agency (J. nr. 2012-41-0485). 

According to Danish law, ethical approval and patient consent is not required for purely registry-

based studies.  
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RESULTS 

Our study included 2,654 women who underwent surgery after a diagnosis of primary ovarian 

cancer y from January 1st, 2005 to December 31st, 2012. The majority of these women was 

characterized by age ≤64 years (52%), preoperative ASA score >1 (61%), normal BMI (52%), 

advanced FIGO-stage (63%), radical surgery (68%), and no perioperative blood transfusion (75%) 

(Table 1). The overall one-year survival was 84%. A total of 412 women (16%) died within the first 

postoperative year. Women who died after surgery (both within 0-180 days and 181-360 days) were 

predominantly characterised by age >64 years, ASA score >1, and advanced FIGO-stage. For 

further descriptive details, see Table 1.  

Survival 

The Kaplan-Meier figures show the separate effect of the included predictive variables on survival 

up to 360 days after surgery (Figure 1). The Figures illustrate a decreased survival in women >64 

years compared to women ≤64 years, in women with ASA score >1 compared to ASA=1, in 

underweight women compared to over- and normal weight women, in women with advanced FIGO-

stage compared to localised FIGO-stage, in women with >2 cm residual tumour tissue left at 

surgery compared to ≤2 cm, and no residual tumour tissue, respectively, and in women who 

received perioperative blood transfusion in comparison to no transfusion. 

 

Predictors on mortality 

Table 2 shows the results of the multivariable Cox regression analysis and the included variables 

were thus mutually adjusted in the model. Age >64 years had a statistically significant negative 

impact on mortality both within 0-180 days and 181-360 days after surgery. ASA score ≥1 had a 

statistically significant negative impact on mortality only within 0-180 days after surgery. The 
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magnitude of the effect of ASA score ≥1 decreased significantly during time with HR=2.17 (95% 

CI 1.46-3.23) within 0-180 days after surgery to HR=1.25 (95% CI 0.88-1.76) within 181-360 days. 

Being underweight increased mortality in both time periods compared with normal weighted 

women with HR=2.01 (95% CI 1.29-3.07) and HR=2.08 (95% CI 1.18-3.66) within 0-180 days and 

181-360 days after surgery. Advanced FIGO-stage only had a statistically significant effect within 

181-360 days after surgery (HR=2.81 (95% CI 1.75-4.50). Residual tumour ≤2 cm and >2 cm 

significantly decreased survival in both time periods after surgery, with the most pronounced effect 

for residual tumour >2 cm within 0-180 days after surgery (HR=4.58 (95% CI 3.20-6.59)). The 

impact of residual tumour >2 cm  was still present after 6 months. Perioperative blood transfusion 

significantly increased mortality in the period 0-180 days after surgery (HR=1.62 (95% CI 1.21-

2.16). In the model, calendar year of surgery did not affect mortality, but it was nearly significant 

within the first six months. 

Some interaction exists between residual tumour and FIGO stage, but this did not change the overall 

conclusions.  

 

DISCUSSION 

Predictors of the ovarian cancer mortality within the first year after surgery have not been 

intensively investigated. However, focusing only on the perioperative mortality and the 5-year 

survival may result in overlooking factors important for the survival of the patient. The present 

study examined predictors of mortality within 0-180 days and 181-360 days after primary ovarian 

cancer surgery. Within 0-180 days after surgery the three most important predictors of mortality 

were residual tumour >2cm followed by residual tumour ≤2 cm, and age >64 years. Within 181-360 

days after surgery advanced FIGO-stage, underweight, and residual tumour tissue >2cm were the 

three most important predictors of mortality. Less important, but still statistically significant 
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predictors of survival in the first six months after surgery, were ASA >1 and perioperative blood 

transfusion. Underweighted women had a significantly increased mortality within the first 

postoperative year. 

Our study has several strengths; it is based on nationwide prospective registered data, it includes 

several important predictive variables for mortality, and no women were lost at follow-up due to 

complete information during the entire study period. The validity of data in the DGCD is essential 

for our results and the database has previously been successfully validated on primary epithelial 

ovarian cancer by a comparison of the surgical and histopathological data in the registry with the 

corresponding medical file and the National Registry of Patients as reference 8.   

We observed that residual tumour tissue (both less and more than 2 cm) left at surgery has a 

statistically significant negative effect on survival in both periods after surgery. This finding has 

been outlined in many other studies 13,14,15 , but our results indicate that residual tumour of more 

than 2 cm is the most important predictor of death within the first six months after surgery. The 

present results and other studies unambiguously identify macroscopic tumour tissue resection as an 

important surgical issue in improving survival 16,17,18. 

We were unable to identify women treated with neoadjuvant chemotherapy prior to surgery due to 

absent data throughout the entire study period. Since preoperative neoadjuvant chemotherapy is 

mainly administered to women with advanced FIGO-stages, in combination with the possible 

underestimation of residual tumour tissue at surgery following neoadjuvant chemotherapy 15, our 

results may be underestimated due to the possible blend of women with different characteristics. 

However, as neo-adjuvant chemotherapy is only administered to advanced FIGO-stages it is 

unlikely that our strongest predictor of mortality (residual tumour tissue) within one year after 

surgery is biased, and our main conclusion of this study remains unchanged. 
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We also observed advanced FIGO-stage to be an important predictor of mortality, but mainly within 

181-360 days after surgery. The negative impact of advanced FIGO-stage on mortality is well 

known and has been described in other investigations 16,17,18, but the negative effect on mortality 

within the first year after surgery has not previously been reported. We observed underweight to be 

a predictor of mortality both 0-180 days and 181-360 days after surgery. In contrast, Skírnisdóttir et 

al 19 concluded that BMI did not influence survival when evaluating women with low-stage ovarian 

cancer. As in our study, Skírnisdóttir et al used the BMI reported at the time of surgery, but they did 

not evaluate its influence on survival until 19-214 months later. Therefore, for the first time, we 

report the negative effect of being underweight on mortality within the first postoperative year. 

Malnutrition and ascites are well-known problems among ovarian cancer patients 20,21. Due to the 

frequent concomitant presence of ascites, the real preoperative BMI may be lower than measured 

and the negative influence exerted by underweight is thereby underestimated in our analyses. In a 

recent study, Ataseven et al 22 observed low preoperative albumin to be an independent predictor for 

severe postoperative complications, and to be independently associated with reduced overall 

survival. We did not have information of serum albumin which could have qualified the 

measurement of nutritional status. Body composition CT scan may even be superior to serum 

albumin when nutritional status prior to surgery is evaluated, due to the observation regarding low 

subcutaneous and muscular fat as an independent predictor of mortality 23, but we did not have such 

examinations.  

In our study, women >64 years demonstrated poorer survival in comparison to women ≤64 years in 

the first year after surgery, with the most pronounced impact of older age on mortality observed 0-

180 days after surgery and thereafter exceeded by more important factors. In several countries, the 

relative one and five-year survival of women diagnosed with ovarian cancer have previously been 

reported to decrease with old age 24,25,26. However, to the best of our knowledge, the fact that the 
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impact of old age occurs mainly in the first period after surgery is new information. Jørgensen et al 

27,  Trillsch et al 28, and Sabatier et al 29 noted that old women with ovarian cancer may demonstrate 

worse survival due to potentially inferior treatment, but our data does not include information to 

illuminate this aspect.  

We found comorbidity (ASA >1) as a predictor of mortality, but only at 0-180 days after surgery, 

and with a decreasing importance over time. Grann et al 30, and Sperling et al 31 also observed 

comorbidity to be a predictor of mortality. However, in contrast to our results, they did not evaluate 

the effect on the immediate postoperative time period, but evaluated data after one (Grann and 

Sperling30,31), and five years (Grann 30). Consequently, our data also offers new information in this 

field and may indicate that reduction of any pre-existing comorbidity could be important in the 

increasing survival after primary ovarian cancer surgery.  

Perioperative blood transfusion was observed to be a predictor of mortality 0-180 days after 

surgery. This is a new finding in women with ovarian cancer, but a negative effect of blood 

transfusion on survival has been described in other diseases 32,33. Among gynaecological cancer 

patients, transfusion has been described to be associated with higher morbidity and increased 

mortality within the immediate 30 days after surgery, when controlling for parameters such as age, 

comorbidity, pre-existing anaemia, type of surgery etc.34. Immune modulatory mechanisms are 

suggested to induce the above-mentioned complications 35. Since the DGCD does not contain 

information on haemoglobin levels or total transfused blood units, we were unable to evaluate any 

possible influence of these parameters. Our findings might indicate that perioperative blood 

transfusion should only be prescribed to a very restricted group of patients, although this aspect 

needs to be studied in more detail.   

Our study also has limitations. According to the incident numbers of Danish ovarian cancer patients 

(2005-2012) 36, a total of 86-92% had primary ovarian cancer surgery performed 7, however, only 
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67 % of the  operated patients were eligible for evaluation in our study. Missing information on 

smoking and alcohol prevented examining the impact on survival. As discussed previously, 

analyses regarding neoadjuvant chemotherapy prior to surgery were not available due to absent 

information of this parameter throughout the entire study period. In addition, information regarding 

laboratory data would have been valuable. Other causes of death than ovarian cancer increase with 

age and the use of overall survival may have caused confounding. However, information on the 

causes of death was not available.  

Residual tumour tissue, advanced FIGO-stage, being underweight,  comorbidity, and perioperative 

blood transfusion were all found to be predictors of mortality within the first year after primary 

ovarian cancer surgery. Our results suggest that the surgeon should not only aim for radical surgery, 

but also pay attention to comorbidity, nutritional state, and the use of perioperative blood 

transfusion. These findings should be confirmed in other settings, and future studies are needed to 

assess the impact of smoking, alcohol, units of blood transfused, and neoadjuvant chemotherapy as 

predictors of mortality within the first postoperative year after primary ovarian cancer surgery.  

 

ARTICLE SUMMARY 

In the present study, we aimed to examine predictors of mortality within 0-180 days and 181-360 

days after ovarian cancer surgery. The examined predictors were age, ASA score, BMI, FIGO-

stage, residual tumour tissue after surgery, perioperative blood transfusion, and calendar year of 

surgery. The overall one-year survival was 84%. The most important predictors of mortality within 

one year after surgery were residual tumour tissue (0-180 days after surgery) and advanced FIGO- 

stage (181-360 days after surgery). Our results suggest that the surgeon should aim for radical 

surgery. However, comorbidity, being underweight, age >64 years, and blood transfusion were also 

significant predictors of mortality and need to be studied in more detail.  
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Table 1. Descriptive characteristics according to death up to 360 days after primary ovarian cancer 
surgery in Danish women performed from 2005-2012 (percentage distribution in brackets).  

 

  Number of women  
 

Women who 
died within  

0-180 days 
after surgery  
 

Women who 
died within  

181-360 days 
after surgery  
 

Women who 
survived at 

least 361 days 
after surgery  

All women   2,654 (100) 226 (9) 186 (7) 2,242 (84) 

Age*  

 

≤64 years (%) 

>64 years (%) 

1,380 (52) 

1,274 (48) 

53 (4) 

173 (14) 

75 (5) 

111 (9) 

1252 (91) 

990 (78) 

ASA  
 
 
 
Smoking 

 
 
 
BMI 
 
 
 

 
FIGO-stage 
 
 
 

Score 1 (%) 

Score >1 (%) 

Missing (%) 

 

No (%) 

Yes (%) 

Missing (%) 

 

Underweight (%) 

Normal (%) 

Overweight (%) 

Missing (%) 

 

Localized (%) 

Advanced (%) 

Missing (%) 

1,023 (39) 

1,622 (61) 

9 (0) 

 

1,306 (49) 

1,046 (39) 

302 (11) 

 

117 (4) 

1,369 (52) 

1,095 (41) 

73 (3) 

 

965 (36) 

1,668 (63) 

21 (1) 

33 (3) 

192 (12) 

1 (11) 

 

95 (7) 

89 (9) 

42 (14) 

 

24 (20) 

122 (9) 

72 (6) 

8 (11) 

 

34 (4) 

190 (11) 

2 (10) 

52 (5) 

133 (8) 

1 (11) 

 

86 (7) 

74 (7) 

26 (9) 

 

17 (15) 

91 (7) 

74 (7) 

4 (5) 

 

24 (2) 

161 (10) 

1 (5) 

938 (92) 

1,297 (80) 

7 (78) 

 

1,125 (86) 

883 (84) 

234 (77) 

 

76 (65) 

1,156 (84) 

949 (87) 

61 (84) 

 

907 (94) 

1,317 (79) 

18 (85) 

 

Residual tumour None (%) 

≤2 cm (%) 

>2 cm (%) 

Missing (%) 

1,798 (68) 

328 (12) 

519 (20) 

9 (0) 

65 (4) 

45 (14) 

115 (22) 

1 (11) 

86 (5) 

36 (11) 

63 (12) 

1 (11) 

1,647 (91) 

247 (75)  

341 (66) 

7 (78) 

Blood transfusion 
 
 

 
Calender year 

No (%) 

Yes (%) 

Missing (%) 

 

2005-2006 

2007-2009 

2010-2012 

2,000 (75) 

648 (24) 

6 (0) 

 

764(29) 

1,073 (40) 

817 (31) 

143 (7) 

83 (13) 

0 (0) 

 

81 (11) 

99 (9) 

46 (6) 

125 (6) 

60 (9) 

1 (17) 

 

53 (7) 

79 (7) 

54 (6) 

1,732 (87) 

505 (78) 

5 (83) 

 

630 (82) 

895 (84) 

717 (88) 

* Age was divided in two groups according to the median age 
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Table 2. Results from the Cox multivariable regression analyses estimating the impact of possible 
predictive variables on mortality after primary ovarian cancer surgery in Danish women from 2005-
2012. Data is reported by Hazard Ratio (HR), 95% confidence intervals (CI), and the results of the 
time-interval heterogeneity test are reported by p-values. 
All HR were mutually adjusted for the other variables. 
 
 

Variable 

0 - 180 days  

after surgery,  

HR (95% CI) 

181 – 360 days 

after surgery,  

HR (95% CI) 

p-values for test for 

homogeneity between 

the two time periods 

Age* 

(>64 years vs. ≤64 years) 

 

2.33 (1.69–3.21) 
 

 

1.64 (1.19–2.25) 
 

 

0.1240 

ASA score 

(>1 vs. 1) 

 

 

2.17 (1.46–3.23) 

 

1.25 (0.88–1.76) 

 

 

0.0383 

 
BMI 

(Underweight vs. Normal) 

 

2.01 (1.29-3.07) 

 

2.08 (1.18-3.66) 

 

0.9046 

(Overweight vs. Normal) 0.82 (0.61-1.11) 1.08 (0.79-1.48) 0.2093 

Residual tumour 
(≤2 cm vs. None) 

 
2.50 (1.63–3.82) 

 
1.68 (1.11–2.53) 

 
0.1863 

(>2 cm vs. None) 4.58 (3.20–6.59) 1.84 (1.25–2.70) 
 

0.0007 

FIGO-stage 

(Advanced vs. Localized) 

 

1.28 (0.83–1.96) 

 

2.81 (1.75–4.50) 
 

 

0.0151 

Blood transfusion 
(Yes vs. No) 

 

 
1.62 (1.21-2.16) 

 
1.28 (0.92-1.78) 

 
0.2912 

 
Calendar year 
(Increasing) 

 

 
0.86 (0.72-1.04) 

 
0.99 (0.81-1.21) 

 
0.3076 

 

* Age was divided in two groups according to the median age 

  

Page 16 of 24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010123 on 21 A

pril 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

17 
 

Contributors: 

MØ, MI, RG, OM and BMN were involved in the conception or design of the study design, data 

collection, interpretation of data, and involved in the drafting of the manuscript.   

MI (statistician) performed the analyses. All authors have read and revised the manuscript critically 

for important intellectual content, and approved the final version to be published. 

 

 

Competing interests: None 

 

Data sharing: No additional data available.   

Page 17 of 24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010123 on 21 A

pril 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

18 
 

REFERENCES 

1.  Hamilton W, Peters TJ, Bankhead C, Sharp D. Risk of ovarian cancer in women with 
symptoms in primary care: population based case-control study. BMJ. 2009;339:b2998. 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2731836&tool=pmcentrez&rend
ertype=abstract. Accessed June 19, 2013. 

2.  Hannibal CG, Cortes R, Engholm G, Kjaer SK. Survival of ovarian cancer patients in 
Denmark: excess mortality risk analysis of five-year relative survival in the period 1978-
2002. Acta Obstet Gynecol Scand. 2008;87(12):1353-1360. 
doi:10.1080/00016340802483000. 

3.  Rauh-Hain JA, Rodriguez N, Growdon WB, et al. Primary debulking surgery versus 
neoadjuvant chemotherapy in stage IV ovarian cancer. Ann Surg Oncol. 2012;19(3):959-965. 
doi:10.1245/s10434-011-2100-x. 

4.  Schorge JO, Modesitt SC, Coleman RL, et al. SGO White Paper on ovarian cancer: etiology, 
screening and surveillance. Gynecol Oncol. 2010;119(1):7-17. 
doi:10.1016/j.ygyno.2010.06.003. 

5.  Horowitz NS, Miller A, Rungruang B, et al. Does Aggressive Surgery Improve Outcomes? 
Interaction Between Preoperative Disease Burden and Complex Surgery in Patients With 
Advanced-Stage Ovarian Cancer: An Analysis of GOG 182. J Clin Oncol. 2015;33(8):937-
943. doi:10.1200/JCO.2014.56.3106. 

6.  Owens WD, Felts JA, Spitznagel EL. ASA physical status classifications: a study of 
consistency of ratings. Anesthesiology. 1978;49(4):239-243. 
http://www.ncbi.nlm.nih.gov/pubmed/697077. Accessed October 31, 2013. 

7.  DGCD. Forside. http://www.dgcg.dk/. Accessed September 24, 2015. 

8.  Petri AL, Kjaer SK, Christensen IJ, et al. Validation of epithelial ovarian cancer and fallopian 
tube cancer and ovarian borderline tumor data in the Danish Gynecological Cancer Database. 
Acta Obstet Gynecol Scand. 2009;88(5):536-542. doi:10.1080/00016340902846064. 

9.  Pedersen CB, Gøtzsche H, Møller JO, Mortensen PB. The Danish Civil Registration System. 
A cohort of eight million persons. Dan Med Bull. 2006;53(4):441-449. 
http://www.ncbi.nlm.nih.gov/pubmed/17150149. Accessed February 25, 2015. 

10.  Garrouste-Orgeas M, Troché G, Azoulay E, et al. Body mass index. An additional prognostic 
factor in ICU patients. Intensive Care Med. 2004;30(3):437-443. doi:10.1007/s00134-003-
2095-2. 

11.  Odicino F, Pecorelli S, Zigliani L, Creasman WT. History of the FIGO cancer staging 
system. Int J Gynaecol Obstet. 2008;101(2):205-210. doi:10.1016/j.ijgo.2007.11.004. 

Page 18 of 24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010123 on 21 A

pril 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

19 
 

12.  Fisher LD, Lin DY. Time-dependent covariates in the Cox proportional-hazards regression 
model. Annu Rev Public Health. 1999;20:145-157. doi:10.1146/annurev.publhealth.20.1.145. 

13.  Ren Y, Jiang R, Yin S, et al. Radical surgery versus standard surgery for primary 
cytoreduction of bulky stage IIIC and IV ovarian cancer: an observational study. BMC 

Cancer. 2015;15:583. doi:10.1186/s12885-015-1525-1. 

14.  Rosen B, Laframboise S, Ferguson S, et al. The impacts of neoadjuvant chemotherapy and of 
debulking surgery on survival from advanced ovarian cancer. Gynecol Oncol. 
2014;134(3):462-467. doi:10.1016/j.ygyno.2014.07.004. 

15.  Fagö-Olsen CL, Ottesen B, Kehlet H, et al. Does neoadjuvant chemotherapy impair long-
term survival for ovarian cancer patients? A nationwide Danish study. Gynecol Oncol. 
2014;132(2):292-298. doi:10.1016/j.ygyno.2013.11.035. 

16.  Fujiwara K, Kurosaki A, Hasegawa K. Clinical trials of neoadjuvant chemotherapy for 
ovarian cancer: what do we gain after an EORTC trial and after two additional ongoing trials 
are completed? Curr Oncol Rep. 2013;15(3):197-200. doi:10.1007/s11912-013-0313-9. 

17.  Cibula D, Verheijen R, Lopes A, Dusek L. Current clinical practice in cytoreductive surgery 
for advanced ovarian cancer: a European survey. Int J Gynecol Cancer. 2011;21(7):1219-
1224. doi:10.1097/IGC.0b013e318227c971. 

18.  Luyckx M, Leblanc E, Filleron T, et al. Maximal cytoreduction in patients with FIGO stage 
IIIC to stage IV ovarian, fallopian, and peritoneal cancer in day-to-day practice: a 
Retrospective French Multicentric Study. Int J Gynecol Cancer. 2012;22(8):1337-1343. 
doi:10.1097/IGC.0b013e31826a3559. 

19.  Skírnisdóttir I, Sorbe B. Prognostic impact of body mass index and effect of overweight and 
obesity on surgical and adjuvant treatment in early-stage epithelial ovarian cancer. Int J 
Gynecol Cancer. 18(2):345-351. doi:10.1111/j.1525-1438.2007.01013.x. 

20.  Laky B, Janda M, Bauer J, Vavra C, Cleghorn G, Obermair A. Malnutrition among 
gynaecological cancer patients. Eur J Clin Nutr. 2007;61(5):642-646. 
doi:10.1038/sj.ejcn.1602540. 

21.  Watanabe T, Shibata M, Nishiyama H, et al. Serum levels of rapid turnover proteins are 
decreased and related to systemic inflammation in patients with ovarian cancer. Oncol Lett. 
2014;7(2):373-377. doi:10.3892/ol.2013.1735. 

22.  Ataseven B, du Bois A, Reinthaller A, et al. Pre-operative serum albumin is associated with 
post-operative complication rate and overall survival in patients with epithelial ovarian 
cancer undergoing cytoreductive surgery. Gynecol Oncol. 2015. 
doi:10.1016/j.ygyno.2015.07.005. 

23.  Torres ML, Hartmann LC, Cliby WA, et al. Nutritional status, CT body composition 
measures and survival in ovarian cancer. Gynecol Oncol. 2013;129(3):548-553. 
doi:10.1016/j.ygyno.2013.03.003. 

Page 19 of 24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010123 on 21 A

pril 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

20 
 

24.  Klint Å, Tryggvadóttir L, Bray F, et al. Trends in the survival of patients diagnosed with 
cancer in female genital organs in the Nordic countries 1964–2003 followed up to the end of 
2006. 2010. 
http://informahealthcare.com/doi/abs/10.3109/02841861003691945#.UbW0xm99YRI.mende
ley. Accessed June 10, 2013. 

25.  Matsuda A, Katanoda K. Five-year relative survival rate of ovarian cancer in the USA, 
Europe and Japan. Jpn J Clin Oncol. 2014;44(2):196. doi:10.1093/jjco/hyu007. 

26.  Stålberg K, Svensson T, Lönn S, Kieler H. The influence of comorbidity on mortality in 
ovarian cancer patients. Gynecol Oncol. 2014;133(2):298-303. 
doi:10.1016/j.ygyno.2014.02.024. 

27.  Jørgensen TL, Teiblum S, Paludan M, et al. Significance of age and comorbidity on 
treatment modality, treatment adherence, and prognosis in elderly ovarian cancer patients. 
Gynecol Oncol. 2012;127(2):367-374. doi:10.1016/j.ygyno.2012.07.001. 

28.  Trillsch F, Woelber L, Eulenburg C, et al. Treatment reality in elderly patients with advanced 
ovarian cancer: a prospective analysis of the OVCAD consortium. J Ovarian Res. 
2013;6(1):42. doi:10.1186/1757-2215-6-42. 

29.  Sabatier R, Calderon B, Lambaudie E, et al. Prognostic Factors for Ovarian Epithelial Cancer 
in the Elderly: A Case-Control Study. Int J Gynecol Cancer. 2015. 
doi:10.1097/IGC.0000000000000418. 

30.  Grann AF, Thomsen RW, Jacobsen JB, Nørgaard M, Blaakær J, Søgaard M. Comorbidity 
and survival of Danish ovarian cancer patients from 2000-2011: a population-based cohort 
study. Clin Epidemiol. 2013;5(Suppl 1):57-63. doi:10.2147/CLEP.S47205. 

31.  Sperling C, Noer MC, Christensen IJ, Nielsen MLS, 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(1):97-102. 
doi:10.1016/j.ygyno.2012.12.039. 

32.  Hallet J, Tsang M, Cheng ESW, et al. The Impact of Perioperative Red Blood Cell 
Transfusions on Long-Term Outcomes after Hepatectomy for Colorectal Liver Metastases. 
Ann Surg Oncol. 2015. doi:10.1245/s10434-015-4477-4. 

33.  Schiergens TS, Rentsch M, Kasparek MS, Frenes K, Jauch K-W, Thasler WE. Impact of 
perioperative allogeneic red blood cell transfusion on recurrence and overall survival after 
resection of colorectal liver metastases. Dis Colon Rectum. 2015;58(1):74-82. 
doi:10.1097/DCR.0000000000000233. 

34.  Prescott LS, Aloia TA, Brown AJ, et al. Perioperative blood transfusion in gynecologic 
oncology surgery: analysis of the National Surgical Quality Improvement Program Database. 
Gynecol Oncol. 2015;136(1):65-70. doi:10.1016/j.ygyno.2014.11.009. 

Page 20 of 24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010123 on 21 A

pril 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

21 
 

35.  Kao KJ. Mechanisms and new approaches for the allogeneic blood transfusion-induced 
immunomodulatory effects. Transfus Med Rev. 2000;14(1):12-22. 
http://www.ncbi.nlm.nih.gov/pubmed/10669937. Accessed April 19, 2015. 

36.  SSI. Cancerregisteret - Statens Serum Institut. 2012. 
http://www.ssi.dk/Sundhedsdataogit/Registre/Cancerregisteret.aspx. Accessed September 23, 
2015.  

 

 

Page 21 of 24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010123 on 21 A

pril 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

  

 

 

Figure 1. Kaplan-Meier survival estimates on possible predictive variables in Danish women within the first 
year after primary  ovarian cancer surgery (2005-2012), with the X-axis indicating days after surgery, and 

the Y-axis indicating the survival proportion in percentage.  
283x207mm (300 x 300 DPI)  
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ABSTRACT 

Objectives: To identify predictors of mortality within one year after primary surgery for ovarian 

cancer.  

Design: Prospective nationwide cohort study from January 1st, 2005 to December 31st, 2012. 

Setting: Evaluation of data from the Danish Gynaecology Cancer Database and the Danish Civil 

Registration System.  

Participants: 2,654 women who underwent surgery due to a diagnosis of primary ovarian cancer.  

Outcome measures: Overall survival and predictors of mortality within 0-180 days and 181-360 

days after the primary surgery. Examined predictors were age, preoperative American Society of 

Anesthesiologists (ASA) score, body mass index (BMI), International Federation of Gynaecology 

and Obstetrics (FIGO) stage, residual tumour tissue after surgery, perioperative blood transfusion, 

and calendar year of surgery.  

Results: The overall one-year survival was 84%. Within 0-180 days after surgery, the three most 

important predictors of mortality from the multivariable model were residual tumour tissue >2 cm 

versus no residual tumour (HR=4.58 (95% CI 3.20-6.59)), residual tumour tissue ≤2 cm versus no 

residual tumour (HR=2.50 (95% CI 1.63-3.82)), and age >64 years versus age ≤64 years (HR=2.33 

(95% CI 1.69-3.21)). Within 181-360 days after surgery FIGO-stage III-IV versus FIGO-stage I-II 

(HR=2.81(95% CI 1.75-4.50), BMI <18.5 kg/cm2 versus BMI 18.5-25 kg/cm2 (HR=2.08 (95% CI 

1.18-3.66)), and residual tumour tissue >2 cm versus no residual tumour (HR=1.84 (95% CI 1.25-

2.70)) were the three most important predictors.  

Conclusions: The most important predictors of mortality within one year after surgery were 

residual tumour tissue (0-180 days after surgery) and advanced FIGO-stage (181-360 days after 

surgery). However, our results suggest that the surgeon should not only aim for radical surgery, but 
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also pay special attention to comorbidity, nutritional state, age >64, and the need for perioperative 

blood transfusion. 
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Strengths and limitations of this study 

• This is a population-based study on 2,654 women with prospective registered data 

• We used data sources of high quality  and there were no loss to follow-up 

• Adjustment for multiple factors were made:  age, preoperative health score, body mass 

index, FIGO-stage, residual tumour tissue after surgery, perioperative blood transfusion 

• We were unable to perform analyses regarding neoadjuvant chemotherapy prior to surgery 

• There were missing data on smoking, alcohol, laboratory data and specific cause of death 
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INTRODUCTION 

The 5-year survival is a traditional measure of the survival of cancer patients. The majority (70-

80%) of women with ovarian cancer are diagnosed in advanced stages 1,2, with    a median survival 

of approximately two years 3 and we may therefore overlook important factors for survival by 

primarily focusing on the long-term survival. Ovarian cancer has a high mortality 4, and we need to 

focus on additional areas of prognostic importance in order to improve the outcome.  

Previous studies of the survival of women with ovarian cancer have focused on mortality within the 

first 30-60 days after surgery or on long-term survival. These studies have identified commonplace 

predictors of mortality (i.e. complications to surgery, FIGO-stage and residual tumour tissue 5). To 

the best of our knowledge, no former studies have focused on predictors on mortality within one 

year after primary ovarian cancer surgery. However, we hypothesised that analysing the 

intermediate survival of the women (up to one year after surgery) would provide valuable 

information on potentially significant factors for survival. If this hypothesis proves correct these 

factors should be considered in the perioperative settings and are useful in the counselling of the 

patient. Using data from the nationwide Danish Gynaecology Cancer Database (DGCD) obtained 

from 2005 until 2012, and the Danish Civil Registration System (CPR registry), the aims were to 

examine predictors of mortality within 0-180 days and 181-360 days after primary ovarian cancer 

surgery. The examined predictors of mortality were age, preoperative American Society of 

Anaesthesiologists (ASA) score 6, smoking, body mass index (BMI), International Federation of 

Gynaecology and Obstetrics (FIGO) stage, residual tumour tissue after surgery, perioperative blood 

transfusion, and calendar year of surgery. 
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MATERIALS AND METHODS 

Study population 

The study includes all Danish women who had undergone primary ovarian cancer surgery 

performed from January 1st, 2005 to December 31st, 2012, and identified in the DGCD. The DGCD 

is a national clinical database established on January 1st,  2005 7, and since then all patients with a 

first-time diagnosis of ovarian cancer have been prospectively registered. This was based on 

mandatory reports from all Danish departments of gynaecology and histopathology. The DGCD 

contains details about preoperative patient characteristics (i.e. age, ASA score, smoking, and BMI), 

perioperative information (i.e. FIGO-stage, residual tumour tissue after surgery, blood transfusion, 

etc.), and postoperative details (i.e. histopathology, final tumour stage verification, complications, 

and adjuvant chemotherapy).  

The ovarian cancer data in the DGCD has previously been validated and the registry was concluded 

to be valuable for quality monitoring in gynaecological oncology 8. Each patient is identified by a 

unique 10-digit number given to all Danish citizens by the CPR registry at birth or when residence 

permits are obtained 9. 

The DGCD included 2,831 women who had primary ovarian cancer surgery during the study 

period. The following were exclusion criteria: 1) a preoperative ASA score obtained more than six 

months before surgery (n=119), presuming six months to be the maximum time period to surgery if 

neoadjuvant chemotherapy had been administrated, and 2) a histopathology requisition completed 

later than two weeks after surgery (n=58), signifying that the specific pathology requisition most 

certainly originates from the current surgery. The CPR registry provided information on overall 

survival. 
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Data on predictive variables   

From the DGCD we specifically obtained data on age at the time of surgery, preoperative ASA 

score 6 (indicating comorbidity at the time of surgery), preoperative BMI 10, preoperative smoking 

habits,  FIGO-stage 11, size of residual tumour tissue after surgery (visually evaluated by the 

surgeon at the end of surgery), perioperative blood transfusion, and calendar year of surgery. We 

also received data on alcohol consumption, but due to several missing pieces of data, this parameter 

was omitted from further analyses. All the above mentioned parameters, apart from alcohol, were 

evaluated as predictors of mortality. 

Age: The women were divided in two groups according to the median age: 1) age ≤64 years and 2) 

age >64 years at the time of surgery.  

ASA score: The anaesthetist reported the preoperative ASA score of each woman, who were 

divided in two groups: 1) ASA score = 1 (without comorbidity) and 2) ASA score >1 (with 

comorbidity). 

Smoking: At the preoperative interview, women were divided in two groups according to the 

current smoking status: 1) non-smokers and 2) smokers.  

BMI: Usually BMI is divided in the following groups: underweight, normal, overweight, and obese, 

but in our study population only a small group of women had BMI≥30. Therefore, all women were 

assigned into three groups according to BMI: 1) BMI <18.5 kg/cm2 (underweight), 2) BMI 18.5-25 

kg/cm2 (normal), and 3) BMI >25 kg/cm2 (overweight).  

FIGO-stage: The women were divided in two groups: 1) FIGO-stages I and II (localised disease), 

and 2) FIGO-stages III and IV (advanced disease). 

Residual tumour: The size of the residual tumour was evaluated by the surgeon at the end of 

surgery thereby forming three groups: 1) No residual tumour, 2) residual tumour ≤2 cm, and 3) 

residual tumour >2 cm. 
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Blood transfusion: The women were grouped in two: 1) those who did not receive perioperative 

blood transfusion, and 2) those who did.  

 

Statistical analysis   

The overall survival was illustrated by Kaplan-Meier plots of each of the following variables: age 

(≤64 years and >64 years), ASA score (1 and >1), smoking (no, yes), BMI (underweight, normal, 

overweight), FIGO-stage (localised, advanced), residual tumour tissue after surgery (none, ≤2 cm, 

and >2 cm), and perioperative blood transfusion (no, yes). Predictive variables of interests were 

assessed descriptively according to death within 0-180 days and 181-360 after surgery. To estimate 

the time-varying effect of the predictive variables on survival within the two time periods (0-180 

days and 181-360 after surgery) we used an extended Cox model 12. Included variables followed the 

above mentioned categorisation, and the calendar year of surgery was included as a continuous 

variable. Since missing data concerning smoking was observed not to be random, the estimates 

obtained for this variable may be biased. Accordingly, if there is any interaction between this 

variable and other covariates, estimates of other covariates may also be biased. Omitting smoking 

from the model did not substantially change the estimates of the other variables, and thus the final 

model was reduced based on the results of the Wald tests. The final model included the following 

variables: age, ASA score, BMI, FIGO-stage, residual tumour tissue after surgery, perioperative 

blood transfusion, and calendar year. After applying the model, we tested whether there is a 

significant difference for each predictor variable between the two time periods by performing a 

Wald test. The results of the extended Cox model were reported by the Hazard Ratio (HR) and 95% 

confidence intervals (95% CI), and the Wald test with the p-values.  

All analyses were conducted using Stata 12 software (StataCorp LP, College Station, TX, USA). 
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The present study was approved by the Danish Data Protection Agency (J. nr. 2012-41-0485). 

According to Danish law, ethical approval and patient consent is not required for purely registry-

based studies.  
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RESULTS 

Our study included 2,654 women who underwent surgery after a diagnosis of primary ovarian 

cancer y from January 1st, 2005 to December 31st, 2012. The majority of these women was 

characterized by age ≤64 years (52%), preoperative ASA score >1 (61%), normal BMI (52%), 

advanced FIGO-stage (63%), radical surgery (68%), and no perioperative blood transfusion (75%) 

(Table 1). The overall one-year survival was 84%. A total of 412 women (16%) died within the first 

postoperative year. Women who died after surgery (both within 0-180 days and 181-360 days) were 

predominantly characterised by age >64 years, ASA score >1, and advanced FIGO-stage. For 

further descriptive details, see Table 1.  

Survival 

The Kaplan-Meier figures show the separate effect of the included predictive variables on survival 

up to 360 days after surgery (Figure 1). The Figures illustrate a decreased survival in women >64 

years compared to women ≤64 years, in women with ASA score >1 compared to ASA=1, in 

underweight women compared to over- and normal weight women, in women with advanced FIGO-

stage compared to localised FIGO-stage, in women with >2 cm residual tumour tissue left at 

surgery compared to ≤2 cm, and no residual tumour tissue, respectively, and in women who 

received perioperative blood transfusion in comparison to no transfusion. 

 

Predictors on mortality 

Table 2 shows the results of the multivariable Cox regression analysis and the included variables 

were thus mutually adjusted in the model. Age >64 years had a statistically significant negative 

impact on mortality both within 0-180 days and 181-360 days after surgery. Using age as a 

continuously variable did not change the effect of the other variables. ASA score ≥1 had a 
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statistically significant negative impact on mortality only within 0-180 days after surgery. The 

magnitude of the effect of ASA score ≥1 decreased significantly during time with HR=2.17 (95% 

CI 1.46-3.23) within 0-180 days after surgery to HR=1.25 (95% CI 0.88-1.76) within 181-360 days. 

Being underweight increased mortality in both time periods compared with normal weighted 

women with HR=2.01 (95% CI 1.29-3.07) and HR=2.08 (95% CI 1.18-3.66) within 0-180 days and 

181-360 days after surgery. Advanced FIGO-stage only had a statistically significant effect within 

181-360 days after surgery (HR=2.81 (95% CI 1.75-4.50). Residual tumour ≤2 cm and >2 cm 

significantly decreased survival in both time periods after surgery, with the most pronounced effect 

for residual tumour >2 cm within 0-180 days after surgery (HR=4.58 (95% CI 3.20-6.59)). The 

impact of residual tumour >2 cm  was still present after 6 months. Perioperative blood transfusion 

significantly increased mortality in the period 0-180 days after surgery (HR=1.62 (95% CI 1.21-

2.16). In the model, calendar year of surgery did not affect mortality, but it was nearly significant 

within the first six months. 

Some interaction exists between residual tumour and FIGO stage, but this did not change the overall 

conclusions.  
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DISCUSSION 

Predictors of the ovarian cancer mortality within the first year after surgery have not been 

intensively investigated. However, focusing only on the perioperative mortality and the 5-year 

survival may result in overlooking factors important for the survival of the patient. The present 

study examined predictors of mortality within 0-180 days and 181-360 days after primary ovarian 

cancer surgery. Within 0-180 days after surgery the three most important predictors of mortality 

were residual tumour >2cm followed by residual tumour ≤2 cm, and age >64 years. Within 181-360 

days after surgery advanced FIGO-stage, underweight, and residual tumour tissue >2cm were the 

three most important predictors of mortality. Less important, but still statistically significant 

predictors of survival in the first six months after surgery, were ASA >1 and perioperative blood 

transfusion. Underweighted women had a significantly increased mortality within the first 

postoperative year. 

Our study has several strengths; it is based on nationwide prospective registered data, it includes 

several important predictive variables for mortality, and no women were lost at follow-up due to 

complete information during the entire study period. The validity of data in the DGCD is essential 

for our results and the database has previously been successfully validated on primary epithelial 

ovarian cancer by a comparison of the surgical and histopathological data in the registry with the 

corresponding medical file and the National Registry of Patients as reference 8.   

We observed that residual tumour tissue (both less and more than 2 cm) left at surgery has a 

statistically significant negative effect on survival in both periods after surgery. This finding has 

been outlined in many other studies 13,14,15 , but our results indicate that residual tumour of more 

than 2 cm is the most important predictor of death within the first six months after surgery. The 

present results and other studies unambiguously identify macroscopic tumour tissue resection as an 

important surgical issue in improving survival 16,17,18. 
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We were unable to identify women treated with neoadjuvant chemotherapy prior to surgery due to 

absent data throughout the entire study period. Since preoperative neoadjuvant chemotherapy is 

mainly administered to women with advanced FIGO-stages, in combination with the possible 

underestimation of residual tumour tissue at surgery following neoadjuvant chemotherapy 15, our 

results may be underestimated due to the possible blend of women with different characteristics. 

However, as neo-adjuvant chemotherapy is only administered to advanced FIGO-stages it is 

unlikely that our strongest predictor of mortality (residual tumour tissue) within one year after 

surgery is biased, and our main conclusion of this study remains unchanged. 

We also observed advanced FIGO-stage to be an important predictor of mortality, but mainly within 

181-360 days after surgery. The negative impact of advanced FIGO-stage on mortality is well 

known and has been described in other investigations 16,17,18, but the negative effect on mortality 

within the first year after surgery has not previously been reported. We observed underweight to be 

a predictor of mortality both 0-180 days and 181-360 days after surgery. In contrast, Skírnisdóttir et 

al 19 concluded that BMI did not influence survival when evaluating women with low-stage ovarian 

cancer. As in our study, Skírnisdóttir et al used the BMI reported at the time of surgery, but they did 

not evaluate its influence on survival until 19-214 months later. Therefore, for the first time, we 

report the negative effect of being underweight on mortality within the first postoperative year. 

Malnutrition and ascites are well-known problems among ovarian cancer patients 20,21. Due to the 

frequent concomitant presence of ascites, the real preoperative BMI may be lower than measured 

and the negative influence exerted by underweight is thereby underestimated in our analyses. In a 

recent study, Ataseven et al 22 observed low preoperative albumin to be an independent predictor for 

severe postoperative complications, and to be independently associated with reduced overall 

survival. We did not have information of serum albumin which could have qualified the 

measurement of nutritional status. Body composition CT scan may even be superior to serum 
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albumin when nutritional status prior to surgery is evaluated, due to the observation regarding low 

subcutaneous and muscular fat as an independent predictor of mortality 23, but we did not have such 

examinations.  

In our study, women >64 years demonstrated poorer survival in comparison to women ≤64 years in 

the first year after surgery, with the most pronounced impact of older age on mortality observed 0-

180 days after surgery and thereafter exceeded by more important factors. In several countries, the 

relative one and five-year survival of women diagnosed with ovarian cancer have previously been 

reported to decrease with old age 24,25,26. However, to the best of our knowledge, the fact that the 

impact of old age occurs mainly in the first period after surgery is new information. Jørgensen et al 

27,  Trillsch et al 28, and Sabatier et al 29 noted that old women with ovarian cancer may demonstrate 

worse survival due to potentially inferior treatment, but our data does not include information to 

illuminate this aspect.  

We found comorbidity (ASA >1) as a predictor of mortality, but only at 0-180 days after surgery, 

and with a decreasing importance over time. Grann et al 30, and Sperling et al 31 also observed 

comorbidity to be a predictor of mortality. However, in contrast to our results, they did not evaluate 

the effect on the immediate postoperative time period, but evaluated data after one (Grann and 

Sperling30,31), and five years (Grann 30). Consequently, our data also offers new information in this 

field and may indicate that reduction of any pre-existing comorbidity could be important in the 

increasing survival after primary ovarian cancer surgery.  

Perioperative blood transfusion was observed to be a predictor of mortality 0-180 days after 

surgery. This is a new finding in women with ovarian cancer, but a negative effect of blood 

transfusion on survival has been described in other diseases 32,33. Among gynaecological cancer 

patients, transfusion has been described to be associated with higher morbidity and increased 

mortality within the immediate 30 days after surgery, when controlling for parameters such as age, 
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comorbidity, pre-existing anaemia, type of surgery etc.34. Immune modulatory mechanisms are 

suggested to induce the above-mentioned complications 35. Since the DGCD does not contain 

information on haemoglobin levels or total transfused blood units, we were unable to evaluate any 

possible influence of these parameters. Our findings might indicate that perioperative blood 

transfusion should only be prescribed to a very restricted group of patients, although this aspect 

needs to be studied in more detail.   

Our study also has limitations. According to the incident numbers of Danish ovarian cancer patients 

(2005-2012) 36, a total of 86-92% had primary ovarian cancer surgery performed 7, however, only 

67 % of the  operated patients were eligible for evaluation in our study. Missing information on 

smoking and alcohol prevented examining the impact on survival. As discussed previously, 

analyses regarding neoadjuvant chemotherapy prior to surgery were not available due to absent 

information of this parameter throughout the entire study period. In addition, information regarding 

laboratory data would have been valuable. Other causes of death than ovarian cancer increase with 

age and the use of overall survival may have caused confounding. However, information on the 

causes of death was not available.  

Residual tumour tissue, advanced FIGO-stage, being underweight,  comorbidity, and perioperative 

blood transfusion were all found to be predictors of mortality within the first year after primary 

ovarian cancer surgery. Our results suggest that the surgeon should not only aim for radical surgery, 

but also pay attention to comorbidity, nutritional state, and the use of perioperative blood 

transfusion. These findings should be confirmed in other settings, and future studies are needed to 

assess the impact of smoking, alcohol, units of blood transfused, and neoadjuvant chemotherapy as 

predictors of mortality within the first postoperative year after primary ovarian cancer surgery.  

 

Page 15 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010123 on 21 A

pril 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

16 
 

CONCLUSIONS    

In the present study, we aimed to examine predictors of mortality within 0-180 days and 181-360 

days after ovarian cancer surgery. The examined predictors were age, ASA score, BMI, FIGO-

stage, residual tumour tissue after surgery, perioperative blood transfusion, and calendar year of 

surgery. The overall one-year survival was 84%. The most important predictors of mortality within 

one year after surgery were residual tumour tissue (0-180 days after surgery) and advanced FIGO- 

stage (181-360 days after surgery). Our results suggest that the surgeon should aim for radical 

surgery. However, comorbidity, being underweight, age >64 years, and blood transfusion were also 

significant predictors of mortality and need to be studied in more detail.  
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Table 1. Descriptive characteristics according to death up to 360 days after primary ovarian cancer 
surgery in Danish women performed from 2005-2012 (percentage distribution in brackets).  

 

  Number of women  
 

Women who 
died within  
0-180 days 

after surgery  
 

Women who 
died within  
181-360 days 

after surgery  
 

Women who 
survived at 
least 361 days 

after surgery  

All women   2,654 (100) 226 (9) 186 (7) 2,242 (84) 

Age*  
 

≤64 years (%) 

>64 years (%) 

1,380 (52) 

1,274 (48) 

53 (4) 

173 (14) 

75 (5) 

111 (9) 

1252 (91) 

990 (78) 

ASA  
 
 
 
Smoking 
 

 
 
BMI 
 
 
 
 

FIGO-stage 
 
 
 

Score 1 (%) 

Score >1 (%) 

Missing (%) 

 

No (%) 

Yes (%) 

Missing (%) 

 

Underweight (%) 

Normal (%) 

Overweight (%) 

Missing (%) 

 

Localized (%) 

Advanced (%) 

Missing (%) 

1,023 (39) 

1,622 (61) 

9 (0) 

 

1,306 (49) 

1,046 (39) 

302 (11) 

 

117 (4) 

1,369 (52) 

1,095 (41) 

73 (3) 

 

965 (36) 

1,668 (63) 

21 (1) 

33 (3) 

192 (12) 

1 (11) 

 

95 (7) 

89 (9) 

42 (14) 

 

24 (20) 

122 (9) 

72 (6) 

8 (11) 

 

34 (4) 

190 (11) 

2 (10) 

52 (5) 

133 (8) 

1 (11) 

 

86 (7) 

74 (7) 

26 (9) 

 

17 (15) 

91 (7) 

74 (7) 

4 (5) 

 

24 (2) 

161 (10) 

1 (5) 

938 (92) 

1,297 (80) 

7 (78) 

 

1,125 (86) 

883 (84) 

234 (77) 

 

76 (65) 

1,156 (84) 

949 (87) 

61 (84) 

 

907 (94) 

1,317 (79) 

18 (85) 

 

Residual tumour None (%) 

≤2 cm (%) 

>2 cm (%) 

Missing (%) 

1,798 (68) 

328 (12) 

519 (20) 

9 (0) 

65 (4) 

45 (14) 

115 (22) 

1 (11) 

86 (5) 

36 (11) 

63 (12) 

1 (11) 

1,647 (91) 

247 (75)  

341 (66) 

7 (78) 

Blood transfusion 
 
 
 

Calender year 

No (%) 

Yes (%) 

Missing (%) 

 

2005-2006 

2007-2009 

2010-2012 

2,000 (75) 

648 (24) 

6 (0) 

 

764(29) 

1,073 (40) 

817 (31) 

143 (7) 

83 (13) 

0 (0) 

 

81 (11) 

99 (9) 

46 (6) 

125 (6) 

60 (9) 

1 (17) 

 

53 (7) 

79 (7) 

54 (6) 

1,732 (87) 

505 (78) 

5 (83) 

 

630 (82) 

895 (84) 

717 (88) 

* Age was divided in two groups according to the median age 
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Table 2. Results from the Cox multivariable regression analyses estimating the impact of possible 
predictive variables on mortality after primary ovarian cancer surgery in Danish women from 2005-
2012. Data is reported by Hazard Ratio (HR), 95% confidence intervals (CI), and the results of the 
time-interval heterogeneity test are reported by p-values. 
All HR were mutually adjusted for the other variables. 
 
 

Variable 

0 - 180 days  

after surgery,  

HR (95% CI) 

181 – 360 days 

after surgery,  

HR (95% CI) 

p-values for test for 

homogeneity between 

the two time periods 

Age* 

(>64 years vs. ≤64 years) 

 

2.33 (1.69–3.21) 
 

 

1.64 (1.19–2.25) 
 

 

0.1240 

ASA score 

(>1 vs. 1) 

 

 

2.17 (1.46–3.23) 

 

1.25 (0.88–1.76) 

 

 

0.0383 

 
BMI 

(Underweight vs. Normal) 

 

2.01 (1.29-3.07) 

 

2.08 (1.18-3.66) 

 

0.9046 

(Overweight vs. Normal) 0.82 (0.61-1.11) 1.08 (0.79-1.48) 0.2093 

Residual tumour 
(≤2 cm vs. None) 

 
2.50 (1.63–3.82) 

 
1.68 (1.11–2.53) 

 
0.1863 

(>2 cm vs. None) 4.58 (3.20–6.59) 1.84 (1.25–2.70) 
 

0.0007 

FIGO-stage 

(Advanced vs. Localized) 

 

1.28 (0.83–1.96) 

 

2.81 (1.75–4.50) 
 

 

0.0151 

Blood transfusion 
(Yes vs. No) 

 

 
1.62 (1.21-2.16) 

 
1.28 (0.92-1.78) 

 
0.2912 

 
Calendar year 
(Increasing) 

 

 
0.86 (0.72-1.04) 

 
0.99 (0.81-1.21) 

 
0.3076 

 

* Age was divided in two groups according to the median age 
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Figure 1. Kaplan-Meier survival estimates on possible predictive variables in Danish women within the first 
year after primary  ovarian cancer surgery (2005-2012), with the X-axis indicating days after surgery, and 

the Y-axis indicating the survival proportion in percentage.  
283x207mm (300 x 300 DPI)  
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