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Abstract

Objective—To assess the ability of the Age-Adjusted Charlson Comorbidity index (ACCI) to 

predict perioperative complications and survival in patients undergoing primary debulking for 

advanced epithelial ovarian cancer (EOC).

Methods—Data were analyzed for all patients with stage IIIB-IV EOC who underwent primary 

cytoreduction from 1/2001–1/2010 at our institution. Patients were divided into 3 groups based on 

an ACCI of 0–1, 2–3, and ≥4. Clinical and survival outcomes were assessed and compared.

Results—We identified 567 patients; 199 (35%) had an ACCI of 0–1, 271 (48%) had an ACCI of 

2–3, and 97 (17%) had an ACCI of ≥4. The ACCI was significantly associated with the rate of 

complete gross resection (0–1=44%, 2–3=32%, and ≥4=32%; p=0.02), but was not associated with 

the rate of minor (47% vs 47% vs 43%, p=0.84) or major (18% vs 19% vs 16%, p=0.8) 

complications. The ACCI was also significantly associated with progression-free (PFS) and 

overall survival (OS). Median PFS for patients with an ACCI of 0–1, 2–3, and ≥4 was 20.3, 16, 

and 15.4 months, respectively (p=0.02). Median OS for patients with an ACCI of 0–1, 2–3, and ≥4 
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was 65.3, 49.9, and 42.3 months, respectively (p<0.001). On multivariate analysis, the ACCI 

remained a significant prognostic factor for both PFS (p=0.02) and OS (p<0.001).

Conclusions—The ACCI was not associated with perioperative complications in patients 

undergoing primary cytoreduction for advanced EOC, but was a significant predictor of PFS and 

OS. Prospective clinical trials in ovarian cancer should consider stratifying for an age-comorbidity 

covariate.

Keywords

age-adjusted charlson comorbidity index; ovarian cancer; perioperative complications; 
progression-free survival; overall survival

Introduction

Of the estimated 21,290 women diagnosed each year with epithelial ovarian, fallopian tube, 

or peritoneal carcinoma in the United States, the majority present with advanced-stage 

(International Federation of Gynecology and Obstetrics [FIGO] III/IV) disease [1]. Standard 

therapy for these patients consists of primary debulking surgery, followed by adjuvant 

chemotherapy [2]. Numerous studies have shown a survival advantage for patients who 

undergo ‘optimal’ versus ‘suboptimal’ cytoreduction [3, 4].

In order to achieve optimal surgical outcomes, primary debulking surgery is often lengthy 

and complex, requiring bowel resection and/or aggressive upper abdominal surgery [5]. Such 

extensive procedures are commonly associated with significant perioperative complications 

[6–11]. Given this risk, neoadjuvant chemotherapy followed by interval debulking is offered 

by certain providers to patients who are poor operative candidates due to age and/or medical 

comorbidity [12–15]. This is subjective and surgeon dependent, however, and there is no 

consensus on which comorbid conditions or age render a patient a poor operative candidate.

The Charlson Comorbidity index is a prognostic index that was developed to predict 1-year 

mortality based on medical comorbidity [16]. It is a score derived by the summation of the 

weighted scores of 19 medical conditions found to be associated with survival, and has been 

validated in several populations [17–19]. Age was subsequently found to be predictive of 

death from comorbid disease by the authors. It was incorporated to create a combined score 

accounting for both comorbidity and age, the Age-Adjusted Charlson Comorbidity index 

(ACCI), which has also been validated [20].

Researchers have attempted to predict morbidity and/or survival in patients undergoing 

primary cytoreduction using a variety of prognostic factors and models [13, 14, 21–26]. 

However, there are limited data assessing the prognostic significance of a validated 

comorbidity index on these outcomes. The objective of our study was to assess the ability of 

the ACCI to predict perioperative complications and survival in patients undergoing primary 

debulking surgery for advanced epithelial ovarian, fallopian tube, or peritoneal cancer.
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Patients and Methods

After obtaining institutional review board approval, we identified all patients with FIGO 

stage IIIB-IV epithelial ovarian, fallopian tube, and peritoneal cancer who underwent 

primary cytoreduction at our institution from January 2001 to January 2010. Patients were 

excluded if they had non-epithelial ovarian cancer, tumors of low-malignant potential, or if 

they received neoadjuvant chemotherapy. Clinical data, perioperative complications, and 

survival outcomes were retrospectively reviewed from medical records. Data abstracted 

included: age, medical comorbidity, body mass index, primary disease site, FIGO stage, 

histology, tumor grade, preoperative albumin, preoperative platelet count, preoperative 

CA-125, presence and amount of ascites at surgery, presence of gross residual disease after 

cytoreductive surgery, time to adjuvant chemotherapy, and intraperitoneal chemotherapy 

administration.

The ACCI was assigned to all patients using their individual medical conditions and age at 

the time of primary debulking. The scoring system as described by Charlson et al. is shown 

in Table 1 [20]. The overall score is calculated based on the total of each patient’s comorbid 

conditions (weighted according to severity) and age. As all patients had advanced epithelial 

ovarian cancer, that specific condition was excluded from the scoring system. Patients were 

categorized into three groups based on an ACCI of 0–1 (low), 2–3 (intermediate), and ≥4 

(high).

In 2001, our institution established a prospectively maintained adverse events database of all 

surgical cases. Data on perioperative complications up to 30 days postoperatively are 

collected for all patients. The database is maintained by a research project manager who 

reviews the medical record of all surgical patients weekly in that time period, then confirms 

complications with the patients’ surgeons. Additionally, attending physicians fill out an 

adverse events sheet at the time of the postoperative visit, and notify the research manager if 

patients present to the emergency room and are diagnosed with adverse events. 

Complications are graded for severity on a scale of 1–5 using a standardized institutional 

grading system: 1 = use of oral medications and/or bedside intervention to treat an event; 2 = 

use of intravenous medications, parenteral nutrition, enteral nutrition, or blood transfusion to 

treat an event; 3 = interventional radiology, therapeutic endoscopy, intubation, or operation 

required to treat an event; 4 = residual and lasting disability requiring major rehabilitation or 

organ resection; and 5 = event resulting in the death of the patient [27]. This grading system 

has been validated, with grade 1–2 complications considered minor and grade 3–5 

complications considered major [28]. Complications are also classified by system, including 

but not limited to gastrointestinal, cardiac, pulmonary, and neurologic systems.

The three ACCI groups were assessed for their association with grade 1–2 (minor) and grade 

3 (major) perioperative complications. As only one patient each had a grade 4 or 5 

complication, those grades were not included in any analysis. Given that the complexity and 

number of procedures during primary debulking is correlated with the rate and severity of 

surgical complications [6, 22], we stratified our cohort into three subgroups according to a 

validated surgical complexity score [22, 29]. As described by Aletti and colleagues [29], that 

score is calculated based on the specific procedures performed in a cytoreductive case and 
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classifies surgeries into low-, intermediate-, and high-complexity cases. We then performed 

a secondary analysis, assessing the association between the ACCI and complications within 

those subgroups. The ACCI was also evaluated for its ability to predict specific systems-

based complications.

Progression-free survival (PFS) and overall survival (OS) were additional endpoints in our 

study. The date of progression was determined by computed tomography (CT) scan and/or 

CA-125 levels. When determined by CT scan, the progression date was taken as the first 

appearance of one or more new lesions or increased size of existing lesions. When 

determined by CA-125 level, the progression date was defined as the first date of the initial 

CA-125 of greater than or equal to two times the nadir value or upper limit of normal, as 

applicable [30, 31]. When a subsequent CT scan confirmed that the rise in CA-125 indicated 

progression, the progression date was defined as the date of CA-125 rise. PFS was defined 

as the time interval from the date of primary debulking to the date of disease progression, 

death, or last follow-up. OS was defined as the time interval from the date of surgery to the 

date of death or last follow-up. OS included death due to comorbid conditions, and was not 

disease-specific. Patients who were lost to follow-up were censored from the analysis.

Categorical variables were compared using the χ2 test, and continuous variables were 

compared using the Kruskal-Wallis test. All statistical tests were two-sided, with a p value of 

<0.05 considered significant. When testing the association between the ACCI and specific 

systems-based complications, logistic regression analysis was performed adjusting for 

surgical complexity. The Kaplan–Meier method was used to estimate survival rates. 

Univariate analysis of all assessed categorical and continuous variables was performed for 

prognostic significance using the log-rank test and Cox proportional hazards model for 

significance, respectively. Differences in survival were calculated using the Cox proportional 

hazards model. Variables with a p value of <0.05 on univariate analysis were then included 

in a multivariate Cox regression analysis. Statistical analysis was performed using SPSS 

22.0 (IBM Corporation, Armonk, NY).

Results

Five hundred sixty-seven patients were included over the study period. One hundred ninety-

nine patients (35%) had an ACCI of 0–1, 271 patients (48%) had an ACCI of 2–3, and 97 

patients (17%) had an ACCI of ≥4. The most common comorbid conditions were ‘chronic 

pulmonary disease’ (n = 55, 10%), ‘connective tissue disease’ (n = 37, 7%), ‘other solid 

tumors’ (n = 32, 6%), and ‘diabetes mellitus without end-organ damage’ (n = 27, 5%) (Table 

1). Patient and tumor characteristics are shown in Table 2. The ACCI ≥4 group had the 

highest median age, while the ACCI 0–1 group had the highest proportion of patients with 

stage IV disease and the highest median preoperative platelet count. The ACCI was 

significantly associated with both the rate of optimal debulking (≤1 cm residual disease) (0–

1 = 82%, 2–3 = 71%, and ≥4 = 70%; p=0.01) and the rate of complete gross resection (0–1 = 

44%, 2–3 = 32%, and ≥4 = 32%; p=0.02).

Among the entire cohort, 261 patients (46%) had a grade 1–2 (minor) complication, and 101 

patients (18%) had a grade 3 (major) complication. One patient with an ACCI of 1 had a 
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grade 4 complication, and one patient with an ACCI of 4 had a grade 5 complication. The 

ACCI was not associated with the overall rate of grade 1–2 or grade 3 complications. For 

patients with an ACCI of 0–1, 2–3, and ≥4, the overall rate of grade 1–2 complications was 

47% (n = 93/199), 47% (n = 126/271), and 43% (n = 42/97), respectively (p=0.84). 

Similarly, the overall rate of grade 3 complications was 18% (n = 36/199), 19% (n = 

50/271), and 16% (n = 15/97), respectively (p=0.8). When modeled as a continuous variable, 

there was also no association between the ACCI and the overall rate of grade 1–2 or grade 3 

complications (Table S1).

As the extent of a debulking procedure is related to perioperative complications, we 

stratified our cohort into three subgroups based on a surgical complexity score [29]. One 

hundred fifty patients (27%) had a surgery of low complexity, 255 patients (45%) had a 

surgery of intermediate complexity, and 162 patients (29%) had a surgery of high 

complexity (Table 3). After this stratification, the ACCI was still not associated with the 

overall rate of grade 1–2 or grade 3 complications.

The most common complications were gastrointestinal (n = 146, 26%), followed by wound 

(n = 131, 23%), infectious (n = 116, 21%), and pulmonary complications (n = 90, 16%) 

(Table 4). Among the 12 different system-based complications, the ACCI was only 

significantly associated with cardiovascular complications on univariate analysis: the rate 

was 3% (n = 6/199), 5% (n = 13/271), and 10% (n = 10/97) for patients with an ACCI of 0–

1, 2–3, and ≥4, respectively (p=0.03). However, after adjusting for surgical complexity on 

logistic regression analysis, that difference was no longer significant (p=0.06).

The median PFS and OS for the entire study population were 17.1 months (95% CI, 15.7 – 

18.5) and 52.1 months (95% CI, 47.6 – 56.6), respectively, with a median follow-up of 68.1 

months (range, 1 – 147.3) for the 181 survivors. The ACCI was significantly associated with 

PFS and OS (Figures 1 & 2). Median PFS for patients who had an ACCI of 0–1, 2–3, and ≥4 

was 20.3 months (95% CI, 16.6 – 24), 16 months (95% CI, 14.5 – 17.6), and 15.4 months 

(95% CI, 13 – 17.8), respectively (p=0.02). Median OS for patients who had an ACCI of 0–

1, 2–3, and ≥4 was 65.3 months (95% CI, 54.7 – 75.8), 49.9 months (95% CI, 42.9 – 57), 

and 42.3 months (95% CI, 29.9 – 54.8), respectively (p<0.001). On multivariate analysis, 

after adjusting for stage, histology, preoperative albumin, ascites volume, residual disease, 

and intraperitoneal chemotherapy administration, both PFS (p=0.02) and OS (p<0.001) 

remained significant.

Discussion

In this large institutional cohort of patients undergoing primary cytoreduction for advanced 

epithelial ovarian, fallopian tube, and peritoneal cancer, the ACCI was a significant predictor 

of both PFS and OS. It was not associated with minor or major perioperative complications.

Previous investigators have attempted to predict survival outcomes in patients undergoing 

debulking for ovarian cancer using different prognostic criteria and models [13, 14, 22, 23, 

25, 26]. Few have used a validated comorbidity score, and we could not identify any studies 

that used the ACCI. Using a Danish cancer registry, Tetsche et al. evaluated the original 
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Charlson Comorbidity index in patients with stage I-IV disease and found it to be 

significantly associated with 1- and 5-year survival [25]. Sperling and colleagues also used a 

Danish national clinical database to assess patients with all-stage disease and reported a 

significant association between the Charlson Comorbidity index and OS [26]. Both authors 

acknowledged the limitations of using administrative databases, including the potential 

underreporting of comorbidity and misclassification due to reliance on ICD-10 codes. Our 

study is consistent with those results but differs in several ways. We used a validated index 

that not only assessed comorbidity but also took age into account. This is important as age 

has been found to be an independent prognostic factor for survival [14, 32, 33]. We 

considered that the ACCI, a tool that combines both age and comorbidity and takes into 

account the interplay between both, was an ideal instrument to evaluate this outcome. In 

addition, we only assessed women with advanced-stage disease, a group that has 

significantly worse survival outcomes compared to those with early-stage cancer. We also 

extracted data directly from medical records, and evaluated both PFS and OS.

It is interesting to note that more patients in the low ACCI group (0–1) had both an optimal 

debulking outcome and complete gross resection. This suggests that physicians may be more 

likely to subject patients to an extensive procedure to achieve those outcomes if those 

patients are younger and/or have less comorbidity. Indeed, patients in the high ACCI group 

(≥4) comprised 27% of those who underwent a low-complexity surgery, compared to 11% of 

those who underwent a high-complexity surgery (Table 3). Furthermore, better debulking 

outcomes were seen in the low ACCI group (0–1) despite that group having more patients 

with stage IV disease. The difference in stage distribution also suggests that patients with a 

high ACCI (≥4) who were suspected of having Stage IV disease may have been more likely 

to get neoadjuvant chemotherapy, an outcome not assessed in our study. In addition, the 

ACCI was not associated with the rate of intraperitoneal chemotherapy administration when 

only assessing optimally debulked patients. Importantly, the discrepancies mentioned did not 

affect PFS and OS, as the differences in survival persisted in a multivariate model adjusting 

for them.

Researchers have also attempted to predict perioperative morbidity in patients undergoing 

primary debulking [14, 21, 22, 24]. As with survival, there are few reports of a validated 

comorbidity score being employed in this setting. Using claims data from the Nationwide 

Inpatient Sample database, Wright et al. showed that the Charlson Comorbidity index was 

associated with surgical-site, medical, and infectious complications [21]. The authors 

recognized that not being able to account for the ‘degree’ of cytoreduction was an important 

limitation of their study. On the other hand, our data showed no association between the 

ACCI and either minor or major perioperative complications. Our stratification by surgical 

complexity is a major strength, as the extent of a cytoreductive procedure is correlated with 

surgical complications, especially when upper abdominal procedures are employed [6, 22]. 

After this stratification, the ACCI was still not associated with either minor or major 

complications. We also found no association between the ACCI and separate systems-based 

complications. The use of our adverse events database for our analysis is another strength, in 

which complications are prospectively reported, classified by system, and graded for 

severity, which adds to the quality of our data. Evaluation of the broad surgical literature 

reveals conflicting results with regards to the association between comorbidity and 
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perioperative complications. In a cohort of patients undergoing radical prostatectomy, 

comorbidity was found to be predictive of operative morbidity [34], while another study of 

patients undergoing treatment for breast cancer found no association between the two [35]. It 

is important to note that the ACCI was originally developed to predict the risk of mortality, 

and was not specifically designed to predict perioperative complications in patients 

undergoing surgery. This may explain why no association between the index and 

perioperative complications was found in our population. Additionally, it is possible that 

when taking age into account, comorbidity may not be as predictive of complications as 

other studies have suggested [21]. As with our survival analysis, we consider that using a 

comorbidity index that accounts for age to also be an advantage when assessing 

perioperative complications. Many providers prefer to administer neoadjuvant chemotherapy 

to elderly patients, due to a concern for complications and those patients’ ability to tolerate 

them [12, 14]. One can hypothesize, however, that a healthy 75-year-old woman with no 

comorbidity may be more likely to tolerate an extensive debulking procedure than a 60-year-

old with significant medical conditions. The rates of both minor and major complications 

were similar in all ACCI groups in our data, suggesting that patients who are older but have 

less comorbidity have similar outcomes to those who are younger but have more medical 

problems. This might reinforce the case that healthy elderly women should not be denied the 

possible benefits of optimal primary debulking and subsequent intraperitoneal therapy based 

on age alone [14].

The main limitation of our study is the retrospective nature of our analysis. The ACCI was 

calculated based on comorbidity reported by patients at the initial visit with the gynecologic 

oncologist. It is possible that some comorbid conditions may have been underreported by 

patients at that visit or undiagnosed at that time. We addressed this by reviewing records 

from medical clearance notes, outside referring provider documentation, and 

interdisciplinary consultations, with minimal discrepancy found. We also did not take into 

account subsequent medical conditions that patients developed during their follow-up 

course, which may have ultimately impacted their survival. We chose not to, as the main aim 

of our study was to predict perioperative complications and survival based on the ACCI at 

the time of debulking. Our study is also limited by the smaller number of patients with an 

ACCI ≥4 (97 patients), and therefore it is possible that a greater number of patients with a 

high ACCI was needed to detect a difference in complications. Despite its validation in 

numerous populations, the use of the ACCI has its own limitations. Owing to advances in 

medical treatment of different conditions, the survival impact of the comorbid conditions 

included in its summation may be different today than when the index was developed [16, 

20].

In addition to being a prognostic factor for survival, our results suggest that the ACCI may 

have important implications in ovarian cancer research as well. As demonstrated in our data, 

median PFS decreased from 20.3 months to 15.4 months for patients who had an ACCI of 

0–1 and ≥4, respectively. Median OS also decreased from 65.3 months to 42.3 months, 

respectively. Not accounting for these differences in survival or considering age or 

comorbidity alone when designing a trial may lead to an imbalance of patients in different 

arms and significant confounding of treatment effects.
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In conclusion, the ACCI was significantly associated with survival outcomes in patients 

undergoing primary debulking for advanced epithelial ovarian, fallopian tube, and peritoneal 

cancer. It was not predictive of minor or major perioperative complications. Further 

investigation is needed to identify women who are at high risk for operative morbidity. 

Prospective clinical trials in ovarian cancer should consider stratifying for an age-

comorbidity covariate.
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Research Highlights

• The Age-Adjusted Charlson Comorbidity index was a significant 

predictor of survival in patients undergoing primary cytoreduction for 

ovarian cancer.

• The index was not associated with minor or major perioperative 

complications at primary debulking.
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Figure 1. 
Progression-Free Survival: ACCI 0–1 vs 2–3 vs ≥4
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Figure 2. 
Overall Survival: ACCI 0–1 vs 2–3 vs ≥4
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Table 1

Age-adjusted charlson comorbidity index (N = 567)

Score Comorbidity n (%)

1 Diabetes mellitus without end-organ damage 27 (5%)

Cerebrovascular disease 10 (2%)

Myocardial infarction 14 (2%)

Congestive heart failure 0 (0%)

Peripheral vascular disease 9 (2%)

Dementia 2 (0.4%)

Chronic pulmonary disease 55 (10%)

Connective tissue disease 37 (7%)

Peptic ulcer disease 16 (3%)

Mild liver disease 5 (1%)

2 Diabetes mellitus with end-organ damage 2 (0.4%)

Moderate/severe renal disease 0 (0%)

Hemiplegia 0 (0%)

Solid tumor without metastasis (exclude if >5 years from diagnosis) 32 (6%)

Leukemia 2 (0.4%)

Lymphoma 9 (2%)

3 Moderate/severe liver disease 0 (0%)

6 Metastatic solid tumor 0 (0%)

AIDS (not just HIV positive) 0 (0%)

Age adjustment: For each decade after 40 years, add 1 point to total score (i.e. 1 point for age group 50–59 years, 2 points for age group 60–69, etc)

AIDS, Acquired immune deficiency syndrome; HIV, Human immunodeficiency virus
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Table 2

Patient and tumor characteristics (N = 567)

Characteristic ACCI 0–1 (Low)
n = 199 (35%)

ACCI 2–3 (Intermediate)
n = 271 (48%)

ACCI ≥4 (High)
n = 97 (17%)

p

Median age (range) 51 years (23 – 59) 65 years (43 – 79) 74 years (60 – 96) <0.001

Median body mass index (range) 25.2 kg/m2 (16.3 – 43.7) 25.7 kg/m2 (17.6 – 54.6) 25 kg/m2 (18.3 – 50.1) 0.49

FIGO Stage

 IIIB 10 (5%) 8 (3%) 5 (5%) 0.01

 IIIC 148 (74%) 226 (83%) 86 (89%)

 IV 41 (21%) 37 (14%) 6 (6%)

Primary disease site

 Ovary 167 (84%) 204 (75%) 74 (76%) 0.19

 Fallopian tube 16 (8%) 28 (10%) 9 (9%)

 Peritoneum 16 (8%) 39 (15%) 14 (15%)

Histology

 Serous 181 (91%) 249 (92%) 81 (84%) 0.1

 Endometrioid 1 (1%) 2 (1%) 2 (2%)

 Clear cell 2 (1%) 0 (0%) 0 (0%)

 Mixed/Other 15 (8%) 20 (7%) 14 (14%)

Tumor grade

 1 8 (4%) 7 (3%) 3 (3%) 0.6

 2 16 (8%) 14 (5%) 5 (5%)

 3 175 (88%) 250 (92%) 89 (92%)

Median preoperative albumin (range) * 4.1 g/dL (2.5 – 4.8) 4.1 g/dL (2.1 – 5) 4.1 g/dL (2.4 – 4.8) 0.97

Median preoperative platelet count (range) 367 K/μl (204 – 1067) 366 K/μl (175 – 920) 314 K/μl (113 – 1067) <0.001

Median preoperative CA-125 (range) † 681 U/mL (3 – 28,503) 496 U/mL (3 – 38,100) 444 U/mL (9 – 24,500) 0.05

Ascites

 None 50 (25%) 74 (27%) 38 (39%) 0.09

 1 – 1000 ml 57 (29%) 71 (26%) 24 (25%)

 1001 – 5000 ml 73 (37%) 92 (34%) 31 (32%)

 >5000 ml 19 (9%) 34 (13%) 4 (4%)

Residual disease

 None 87 (44%) 86 (32%) 31 (32%) 0.02

 ≤1 cm 77 (39%) 107 (39%) 37 (38%)

 >1 cm 35 (17%) 78 (29%) 29 (30%)

Median time to adjuvant chemotherapy (range) 
‡

32 days (4 – 90) 31 days (2 – 93) 35 days (4 – 72) 0.27

Gynecol Oncol. Author manuscript; available in PMC 2016 August 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Suidan et al. Page 16

Characteristic ACCI 0–1 (Low)
n = 199 (35%)

ACCI 2–3 (Intermediate)
n = 271 (48%)

ACCI ≥4 (High)
n = 97 (17%)

p

Intraperitoneal chemotherapy administration 
(optimally debulked patients 2005 – 2010)

64/101 (63%) 60/124 (48%) 20/36 (56%) 0.08

ACCI: Age-adjusted charlson comorbidity index; FIGO, International Federation of Gynecology and Obstetrics

Data missing for:

*
8,

†
24, and

‡
20 patients.
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