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• Approximately 12% of women are not discharged home after CRS.
• Non-home discharge after CRS for EOC can be accurately predicted.
• Inclusion of preoperative variables allows for patient counseling and planning.
• Use of this tool may streamline discharge planning and decrease length of stay.
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Objective. To externally validate a model predicting non-home discharge in women undergoing primary
cytoreductive surgery (CRS) for epithelial ovarian cancer (EOC).

Methods.Womenundergoing primaryCRS via laparotomy for EOCat three tertiarymedical centers in an academic
health system from January 2010 to December 2015 were included. Patients were excluded if they received neoadju-
vant chemotherapy, had a non-epithelial malignancy, were not undergoing primary cytoreduction, or lacked docu-
mented model components. Non-home discharge included skilled nursing facility, acute rehabilitation facility,
hospice, or inpatient death. The predicted probability of non-home discharge was calculated using age, pre-operative
CA-125, American Society of Anesthesiologists (ASA) score and Eastern Cooperative Oncology Group (ECOG) perfor-
mance status as described in the previously published predictive model. Model discrimination was calculated using
a concordance index and calibration curves were plotted to characterize model performance across the cohort.

Results. A total of 204 admissions met inclusion criteria. The overall rate of non-home discharge was 12% (95% CI
8–18%). Mean age was 60.8 years (SD 11.0). Median length of stay (LOS) was significantly longer for patients with
non-home discharge (8 vs. 5 days, P b 0.001). The predictive model had a concordance index of 0.86 (95% CI
0.76–0.93), whichwas similar tomodel performance in the original study (CI 0.88). Themodel provided accurate pre-
dictions across all probabilities (0 to 100%).

Conclusions.Non-home discharge can be accurately predicted using preoperative clinical variables. Use of this val-
idated non-home discharge predictivemodel may facilitate preoperative patient counseling, early discharge planning,
and potentially decrease cost of care.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Epithelial ovarian cancer (EOC) is diagnosed in over 22,000 women
each year in the United States and causes over 15,000 deaths, making it
Oncologists Annual Meeting in

nd Women's Health Institute,
ndation, 9500 Euclid Avenue,
.

the 5th leading cause of cancer-related deaths among U. S. women [1].
Surgery is the primary treatment approach inmost patients for the pur-
poses of diagnosis and staging, symptom relief, as well as cytoreduction
to improve survival [2]. Half of patients diagnosed with ovarian cancer
are N65 years old and older age has been associatedwith increased peri-
operative morbidity and decreased overall survival [2–4]. Nonetheless,
many women in this age group are able to tolerate aggressive primary
cytoreductive surgery (CRS) and experience overall survival benefit
similar to younger patients [4]. Taken together, the advanced age and
surgical complexity of ovarian cancer patients means that many
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postoperative patients will need assistance at home or in a specialized
rehabilitation facility.

Recent economic pressures have promoted a focus on value-based
care, which minimizes healthcare cost while maximizing patient bene-
fit. In a recent Surveillance, Epidemiology, and End Results (SEER) data-
base analysis that included 2902 women undergoing surgery and
adjuvant chemotherapy for EOC, costs of treatment in the first year
after diagnosis averaged $83,915 [5]. More than half (51%) of that cost
was attributed to surgery and inpatient stay. After adjusting for year of
treatment and geography, mean inpatient costs per patient were
$24,653 with a striking standard deviation of $34,463. This high vari-
ability in cost implies that modification and improvement are possible.
Ovarian cancer patients often pose medical and surgical challenges in-
cluding postoperative complications, and disease-related morbidity.
These patients often require individualized discharge planning, which
can further prolong postoperative length of stay (LOS). Prediction
models have been previously developed for patients undergoing car-
diac, orthopedic, pancreatic, and colorectal surgery [6–9]. Importantly,
prediction of non-home discharge may be associated with reduction
in postoperative LOS and thus perioperative cost [7].

A nomogram was previously developed by AlHilli et al. for the pre-
diction of non-home discharge in women undergoing primary surgical
management of EOC (Fig. 1) [10]. This instrument is based on preoper-
ative age, performance status, anesthesia risk score, and CA-125 level.
However, this nomogram has yet to be externally validated. The objec-
tive of this studywas to assess the external validity of the previously de-
veloped non-home discharge nomogram.

2. Methods

After obtaining approval from the Institutional Review Board, retro-
spective chart review was performed to identify women undergoing
primary CRS via laparotomy for EOC at three tertiary care hospitals
Fig. 1. Nomogram for the predict
within an academic health system from January 1, 2010 to December
31, 2015. Patients were excluded if they received neoadjuvant chemo-
therapy, had a nonepithelial malignancy or had prior surgery for EOC.
Data including postoperative LOS, patient age at time of surgery, preop-
erative CA-125, Eastern Cooperative Oncology Group (ECOG) perfor-
mance status, and American Society of Anesthesiologists (ASA) score
assigned by anesthesia at time of surgery, and ultimate disposition
were extracted from the electronic medical record [11,12]. If multiple
preoperative CA-125 valueswere identified, the value closest to the sur-
gery date was used. We preferentially included ECOG performance sta-
tus documented at the time of the preoperative visit. In the event that
preoperative ECOG performance status was not documented, we used
ECOG status from a follow-up visit at least 1 month after surgery. ASA
score was identified in the anesthesia perioperative care records. If an
individual lacked any of the necessary nomogram variables they were
excluded from analysis. Disposition was categorized as: 1) Home with-
out homehealth care, 2)homewith homehealth care services, 3) skilled
nursing facility (SNF) or acute rehabilitation facility, 4) hospice, or 5) in-
hospital death. Non-home discharge was defined as any discharge out-
side of the home and included discharge to SNF, hospice, or inpatient
death.

Data was collected and stored using REDCap™, a secure online data-
base, to protect patient confidentiality [13]. Patients were divided into
those with and without the outcome and data were summarized
using descriptive statistics. Age was compared using Student's t-test
and all other predictors were compared using the Wilcoxon rank-sum
test. Model accuracy was measured by ranking an individual's risk
among all subjects in the cohort using the concordance index. Confi-
dence intervals for the concordance index were generated using 1000
bootstrapped samples with replacement. The concordance index, or C-
statistic, is a measure of goodness of fit and describes the probability
that a patient who experiences non-home discharge would have a
higher risk score than a patient who is discharged home. Calibration
ion of non-home discharge.



Table 1
Patient characteristics in primary and validation cohorts.

Characteristic AlHilli et al. (n = 587) Validation cohort (n = 204)

Age
Mean (SD) 63.8 (11.7) 60.8 (11.0)

ECOG status
b2, n (%) 535 (91.1) 181 (88.7)
≥2, n (%) 51 (8.7) 23 (11.3)

ASA
b3, n (%) 312 (53.2) 66 (32.4)
≥3, n (%) 275 (46.8) 138 (67.6)

CA-125, U/mL,
Median [range] 4105.0 [3.5–45,400] 334.4 [1.3–34,320]

LOS
Days, median [range] a 6 [1–45]

Discharge, n (%)
Home 512 (87.2) 179 (87.8)
Non-home 75 (12.8) 25 (12.2)

Non-home discharge site N = 75 N = 25
SNF/rehab 62 (82.7) 22 (88.0)
Hospice 1 (1.3) 0 (0)
Death 12 (16.0) 3 (12.0)

SD= standard deviation, ECOG= Eastern Cooperative Oncology Group, ASA=American
Society of Anesthesiologists, LOS = length of stay, SNF = skilled nursing facility.

a Data not available.

131E.V. Connor et al. / Gynecologic Oncology 151 (2018) 129–133
curves were plotted to determine whether the predicted probability of
the model was too high or low (calibration) compared to the actual
probability across the range ofmodel predictions. All analyseswere per-
formed using R version 3.4.3 (2017-11-30).

3. Results

There were 332 surgical admissions for patients with ovarian cancer
during the study period. Patients that received neoadjuvant chemother-
apy (n = 47), had non-epithelial ovarian cancer (n = 16), underwent
secondary or later cytoreduction (n= 18), had no documented perfor-
mance status (n= 35), or a combination of these factors (n= 12)were
excluded. A total of 204 women met inclusion criteria (Table 1). Mean
age was 60.8 years (SD 11.0). The majority (89%) of patients had
ECOG performance status ≤1. The majority of patients (68%) had an
ASA score ≥3. The median preoperative CA-125 was 334.4 U/mL
(range 1.3 U/mL–34,320 U/mL). Median postoperative LOS for the co-
hort was 6 days (range 1–45 days). Overall, 25 patients (12%) were
not discharged home. Twenty-two patients (11%) were discharged to
SNF or acute rehabilitation facility, 3 patients (1.5%) expired during
the postoperative course, and no patients were discharged to hospice.
Of the 179 patients discharged home, 34 (19%) required home health
services. Patients not discharged home were significantly older, had
higher mean CA-125, were more likely to have ASA score ≥3 and more
likely to have ECOG performance status ≥2 (Table 2).

Table 3 demonstrates howprobabilitiesmay be calculated from a se-
ries of sample patients in our cohort. Using the nomogram, points are
added accordingly to each weighted preoperative variable and the
Table 2
Patient characteristics in validation cohort by disposition.

Characteristic Home discharge (n = 179)

Age
Mean (SD) 59.2 (12.7)

ECOG performance status
≥2, n (%) 12 (6.7)

ASA score
≥3, n (%) 114 (63.7)

CA-125
U/mL, median (IQR) 308 (119–375)

LOS
Days, median (range) 5 (3–16)

SD= standard deviation, ECOG= Eastern Cooperative Oncology Group, ASA = American Soc
point total corresponds to a predicted probability of non-home dis-
charge [10]. For example, a 50-year-old woman with a preoperative
CA-125 of 1024, ASA score of 2, and ECOG performance status of 0 has
a probability of non-home discharge of b1%. By contrast, an 80-year-
old patient with preoperative CA-125 of 256, ASA score of 3, and
ECOG performance status of 2 has a 70% probability of non-home
discharge.

The concordance index calculated from the data was 0.86 (95% CI
0.76–0.93), as compared to a concordance index of 0.88 in the original
paper describing the model [10]. The calibration curve is demonstrated
in Fig. 2. The model provided accurate predictions across the 0 to 100%
probability range of the actual outcome. The model under-predicted
when probability fell between 20 and 60%, however, these predictions
were within the 95% confidence interval.

4. Discussion

In this study, we were able to validate a previously publishedmodel
for the prediction of non-home discharge in patients undergoing CRS for
ovarian cancer. The non-home discharge nomogram is a simple, easy-
to-use means of discussing postoperative recovery course in the preop-
erative timeperiod andmay enable patients and families to plan accord-
ingly for recovery. Additionally, all variables are easily obtained in the
preoperative setting and do not require a physician for assessment.

The patients in this validation cohort had similar age, performance
status, and almost identical rate of non-home discharge as the cohort
described by AlHilli et al. However, patients in the validation cohort
with non-home discharge were significantly older, had poorer ECOG
performance status, higher ASA score, and longer LOS. The validation
cohort also demonstrated a wide variation in preoperative CA125
values, and although patients with non-home discharge tended to
have higher CA125 values, this did not differ significantly from the
home discharge group. This may account for underprediction of the
model in patients with probability of non-home discharge between 20
and 60%. The model demonstrated a concordance index of 0.86 in this
study compared to a concordance index of 0.88 in the development
study [10]. The model was effective for prediction of non-home dis-
charge across all probabilities from 0 to 100%, as it remained within
95% confidence intervals. Thus, application of this nomogram is suitable
for all patients undergoing primary CRS for EOC,whether or not they are
suspected to be at high risk of non-home discharge. The practicality and
ease of use of this risk assessment tool allows it to be easily applied in
preoperative patient counseling and discharge planning.

The concept of targeting LOS to decrease perioperative cost in gyne-
cologic oncology is not novel. Mayo Clinic previously demonstrated that
adoption of an enhanced recovery after surgery (ERAS) protocol de-
creased length of stay (10.7 to 6.5 days, P = 0.014) and inpatient costs
(by $7600 per patient, P = 0.006) for women undergoing CRS for ovar-
ian cancer [14]. Additionally, optimization of intraoperative fluid status
alone in women undergoing CRS for EOC has been associated with
shorter LOS [15,16]. Importantly, this analysis included admissions
prior to a system-wide implementation of ERAS recovery pathway.
Non-home discharge (n = 25) P-value*

72.2 (9.7) P b 0.001

11 (44.0) P b 0.001

24 (96.0) P b 0.001

616 (163–1563) 0.289

8 (1–45) P b 0.001

iety of Anesthesiologists, LOS = length of stay.



Table 3
Sample patients for application of prediction model.

Characteristic Sample patients

1 2 3 4 5

Age 50 60 65 70 80
CA-125 1024 64 10,500 1024 256
ASA 2 1 3 2 3
ECOG 0 1 2 1 2
Predicted probability b1% b1% 50% 10% 70%

ECOG = Eastern Cooperative Oncology Group, ASA = American Society of
Anesthesiologists.

132 E.V. Connor et al. / Gynecologic Oncology 151 (2018) 129–133
Evenwith enhanced recovery initiatives,manypatients undergoing CRS
for EOC will experience prolonged hospital stays and will require com-
plex discharge planning. A significant fraction (11% in the original co-
hort and 12% in the validation cohort) of women undergoing CRS will
require discharge to a rehabilitation facility or SNF. Several groups
have reported the application of pre-operative variables to predict risk
of non-home discharge in surgical patients. Similar predictive models
have been developed and subsequently validated for use in patients un-
dergoing joint arthroplasty, cardiac surgery, and surgery for pancreatic
and colorectal cancers [6–9]. In an orthopedic population, it has been re-
ported that prospective application of a predictive nomogram de-
creased length of stay [7]. However, there are currently no studies
reporting the impact of prospective application of these models. While
ERAS implementation has expedited physical recovery from surgery
and in many cases decreased length of stay, early identification of pa-
tients with complex discharge needs would allow for early assessment
by care management and avoidance of discharge delays attributed to
late planning.

Additionally, implementation of such a tool has the potential to
identify patients at risk of prolonged recovery after primary CRS who
may benefit instead from neoadjuvant chemotherapy. There is no cur-
rent consensus on which EOC patients gain the most benefit from neo-
adjuvant therapy over primary CRS, and prospective randomized trials
have supported both primary surgery and neoadjuvant chemotherapy
as reasonable treatment standards [17,18]. One strength of this model
is its exclusive use of preoperative variables, which would allow for ap-
plication at initial preoperative consultation. If non-home discharge or
prolonged recovery is predicted, thismay facilitate discussion regarding
Fig. 2. Calibration plot of the predictive model in the validation cohort. The dashed line
representing ideal or perfect concordance, and dotted line demonstrating model
performance across the cohort.
primary surgical management versus neoadjuvant chemotherapy. Fur-
thermore, it is currently unknown whether non-home discharge corre-
lates with delays in adjuvant chemotherapy. Delay in initiation of
chemotherapy after CRS for EOC is associated with poorer survival
[19–21]. Even delay of chemotherapy initiation just 5 weeks after sur-
gery has been associated with a 7% increase risk of death at 5 years
[21]. In this vein, implementation of this model may not only be helpful
for counseling patients regarding recovery expectations, butmay better
inform treatment decisions.

This study has limitations. Due to the retrospective nature of the
study, only patients with a documented ECOG performance status
were included. In some cases, only postoperative ECOG performance
status was available. In order to take into account alterations in perfor-
mance status due to recovery from surgery, we did not include any
ECOG score within 1 month of surgery. This may be associated with in-
herent selection bias, as patients with poorer ECOG performance status
may be more likely to have this documented. However, due to the fact
that all included patients underwent surgical intervention, few patients
were includedwith ECOGperformance status of 2 or greater. A compar-
ison of our validation cohortwith the original cohort demonstrated very
similar distribution of performance status as noted in Table 1. Further-
more, the original and validation patient samples are from high-
volume academic centers in the Midwest. As such, these data may not
represent the full geographic and population diversity of the country.

If applied prospectively, this predictive model has the potential to
improve the efficiency of discharge planning for women requiring
non-home discharge after surgery for ovarian cancer. Additionally, it
may facilitate preoperative discussions with patients and family mem-
bers to better prepare for recovery from surgery or better inform the de-
cision to proceed with neoadjuvant chemotherapy. Prospective
implementation of this risk prediction model may result in a significant
decrease in LOS, and subsequent decrease in cost of care.
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