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Abstract

Background: To encourage implementation of the American College of Surgeons National 

Surgical Quality Improvement Program (ACS-NSQIP) Risk Calculator for total gastrectomy for 

gastric cancer, its predictive performance for this specific procedure should be validated. We 

assessed its discriminatory accuracy and goodness of fit for predicting 12 adverse outcomes.

Study Design: Data on all patients with gastric cancer that underwent total gastrectomy with 

curative intent at Memorial Sloan Kettering Cancer Center between 2002-2017 were collected. 

Preoperative risk factors from the electronic medical record were manually inserted into the 

ACS-NSQIP Risk Calculator. Predictions for adverse outcomes were compared with observed 

outcomes by Brier scores, c-statistics, and Hosmer-Lemeshow p value.

Results: In a total of 452 patients, the predicted rate of all complications (29%) was lower 

than the observed rate (45%). Brier scores varied between 0.017 for death and 0.272 for any 

complication. C-statistics were moderate (0.7–0.8) for death and renal failure, good (0.8–0.9) 

for cardiac complication, and excellent (≥ 0.9) for discharge to nursing or rehabilitation facility. 

Hosmer-Lemeshow p value found poor goodness of fit for pneumonia only.

Conclusions: For adverse outcomes after total gastrectomy with curative intent in gastric cancer 

patients, performance of the ACS-NSQIP Risk Calculator is variable. Its predictive performance 

was best for cardiac complications, renal failure, death, and discharge to nursing or rehabilitation 

facility.

Precis

We assessed the predictive performance of the ACS-NSQIP Risk Calculator for total gastrectomy 

for gastric cancer. We found that its performance was variable, and best for cardiac complication, 

renal failure, death, and discharge to nursing or rehabilitation facility.
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Introduction

More than 26,000 individuals were newly diagnosed with gastric cancer in the United States 

in 2018 (1). Surgery remains the mainstay of treatment, but carries high risk of morbidity 

and mortality; reported rates range from 29 to 50% and 2 to 6%, respectively (2-4).

To accurately inform patients of the risks of gastrectomy, surgical risk calculators may be 

used. The most widely used calculator is the universal surgical risk calculator developed by 

the American College of Surgeons National Surgical Quality Improvement Program (ACS

NSQIP) based on data from nearly 400 hospitals and 1.4 million patients undergoing 1,500 

different surgical procedures (5). It estimates procedure-specific and case-mix adjusted risk 

for adverse outcomes using preoperative patient characteristics.

Although large internal evaluations showed excellent performance of the ACS-NSQIP 

Risk Calculator (6), its accuracy for total gastrectomy has not yet been validated. The 

primary aim of this study was to assess the predictive performance of the ACS-NSQIP 

Risk Calculator for adverse events after total gastrectomy for gastric cancer in terms of 

discrimination and goodness of fit. The secondary aim was to identify the adverse outcomes 

that the calculator accurately predicts and for which it is thus clinically applicable.

Methods

Patients and Data Collection

For all patients who underwent total gastrectomy with Roux-en-Y reconstruction for gastric 

cancer between 2002 and 2017 at Memorial Sloan Kettering Cancer Center (MSKCC), data 

regarding the 20 preoperative risk factors included in the ACS-NSQIP calculator (listed in 

Table 1) were collected from medical records. Data were manually entered into the online 

ACS-NSQIP Risk Calculator in June 2018, and its predictions for the following 12 adverse 

outcomes were recorded: any complication, pneumonia, cardiac complication, surgical 

site infection, urinary tract infection, venous thromboembolism, renal failure, readmission, 

return to operating room (OR), death, discharge to nursing or rehabilitation facility, length 

of hospital stay. The sum of the calculated risks for all patients was the predicted number of 

events.

The actual observed adverse outcomes for each individual patient were collected from 

the institutional Surgical Secondary Events (SSE) database. This prospectively maintained 

database tracks deviations from the expected postoperative course that occur within the first 

30 days after surgery. Complications are defined by body system and graded on a 1 to 5 

scale of severity according to the widely used modified Clavien-Dindo classification (7). A 

previous audit of the accuracy of the SSE database found that 91% of complications were 

correctly entered, and nearly all that were missed were grade 1-2 (7).

Statistical Analysis

The mean predicted and observed number of events were calculated for each of the 12 

adverse outcomes studied. The predictive performance of the risk calculator was assessed by 
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Brier score, c-statistic, and Hosmer-Lemeshow. Overall performance is most often measured 

by the Brier score, the average squared difference between the predicted probability and 

the observed probability of an event, reflecting both discrimination and goodness of fit. 

A lower Brier score indicates a smaller difference between the predicted and observed 

event rates and thus a better fit; a score of 0 reflects perfect predictive accuracy (8). The 

c-statistic represents the model’s ability to discriminate between patients who will or will 

not experience an event. A higher c-statistic means better discriminatory performance: ≥ 0.9 

is generally considered excellent, 0.8–0.9 is good, 0.7–0.8 is moderate, 0.–0.7 is fair and 

0.5 means that the model is no better than random chance. The Hosmer-Lemeshow statistic 

evaluates differences in the probability of observed and predicted events across deciles of 

increasing predicted risk. A Hosmer-Lemeshow p value < 0.05 leads to rejection of the null 

hypothesis that the model is well-calibrated (8). Hosmer-Lemeshow calibration plots were 

generated by graphing the observed versus predicted risk for each decile.

The mean predicted and observed lengths of stay (the only continuous outcome) were 

compared by paired Student’s t-test and the correlation was assessed by Pearson correlation 

coefficient. To assess the risk calculator’s performance for this variable using the Brier 

score and c-statistic, data were categorized as shorter or longer than the mean. P values < 

0.05 were considered statistically significant. Statistical analyses were performed using IBM 

SPSS Statistics for Windows, Version 25.0. Armonk, NY.

Results

A total of 452 patients underwent total gastrectomy between January 2002 and June 2017 at 

MSKCC. Data on the preoperative risk factors included in the risk calculator are displayed 

in Table 1. The majority (61%) of patients had an American Society of Anesthesiologists 

(ASA) physical status of 3, and 35% had an ASA status of 2. More than one-third of 

patients (37%) had hypertension requiring medication, 13% were diabetic, 14% were current 

smokers, and the mean BMI was 27 ± 5.1.

The predicted rate of events from the ACS-NSQIP Risk Calculator and the observed 

rate and number of events from the institutional SSE database for each adverse outcome 

are displayed in Table 2. The observed rate considerably exceeded the predicted rate 

for any complication (45% vs. 29%) and for surgical site infection (25% vs. 16%), and 

was considerably lower than the expected rate for return to OR (5.8% vs. 8.8%) and for 

discharge to nursing or rehabilitation facility (2.0% vs. 11%).

The predictive performance of the ACS-NSQIP Risk Calculator of each adverse outcome as 

assessed by Brier score, c-statistic, and Hosmer-Lemeshow p value is displayed in Table 3. 

Adverse outcomes with relatively low Brier scores, indicating better overall performance 

of the model, included renal failure (0.015), death (0.017), and cardiac complications 

(0.019). Adverse outcomes with the highest c-statistics, indicating better discrimination 

between patients who will or will not experience an event, included discharge to nursing 

or rehabilitation facility (0.90) and cardiac complications (0.83). Only pneumonia had a 

Hosmer-Lemeshow p value < 0.05, indicating that the model does not fit well for predicting 

this adverse outcome for patients undergoing total gastrectomy. As Hosmer-Lemeshow p 
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values can only be calculated for categorical variables, the calculator's accuracy in predicting 

length of hospital stay was assessed by paired Student’s t-test, which revealed a significant 

difference between the mean predicted and observed lengths of hospital stay; p = 0.005. 

Figure 1 compares the distributions of observed vs. predicted lengths of hospital stay.

Hosmer-Lemeshow calibration curves are shown in Figure 2 and indicate relatively good 

correlation between the predicted and observed rates of most adverse outcomes. The most 

noticeable exception is pneumonia, for which the regression line has a negative slope, 

indicating higher predicted probability but lower observed risk, consistent with the low p 

value and c-statistic for this adverse outcome.

Discussion

The performance of the ACS-NSQIP Risk Calculator for total gastrectomy at our institution 

was found to be variable among outcomes. The adverse outcomes for which the calculator 

was well-fitted (Hosmer-Lemeshow p-value of > 0.05) and showed at least moderate 

discrimination (c-statistic > 0.7) were the same as those for which it had the best overall 

performance (lowest Brier scores), namely cardiac complications, renal failure, death, and 

discharge to nursing or rehabilitation facility.

Our study complements a previous assessment of the accuracy of the ACS-NSQIP Risk 

Calculator for gastric cancer surgery by the U.S. Gastric Cancer Collaborative (9). The 

population in that study differed from ours, in that the majority underwent distal rather 

than total gastrectomy, and 11% of patients had distant metastatic disease. Brier scores 

in that study were similar to those we found for any complication, pneumonia, cardiac 

complication, renal failure, and return to OR, and the 3 outcomes with the lowest Brier 

scores similarly included cardiac complication and renal failure. On the other hand, we 

found a twofold lower Brier score for death, which may result from the lower observed death 

rate in our population (1.8% vs. 3.9%), as a lower incidence limits the maximum Brier score 

(8). While we found discriminatory power assessed by the c-statistic to be moderate or better 

(≥ 0.7) for 4 outcomes, the c-statistics found in the Gastric Cancer Collaborative study were 

all below 0.7.

The predicted rate of any complication (29%) was lower than the observed rate of 

complications (45%). This discrepancy is similar to that previously found in assessments 

of the ACS-NSQIP Risk Calculator in colorectal cancer, head and neck cancer, and lung 

cancer surgery (10-12), which found that it underestimates the overall complication rate, 

though this was not seen in breast cancer surgery (13). An explanation for the difference 

could be a higher report rate of complications in our hospital compared with the average 

of the hundreds of hospitals in the NSQIP database, similar to the higher report rate for 

surgical site infections at our hospital compared with that in NSQIP (6.5% vs. 4%) (14). 

As illustrated in the latter study, differences in event rates can also result from differences 

in definitions, suggesting that standardizing definitions would improve consistency among 

databases (14).
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Ours is not the first study to find that the ACS-NSQIP Risk Calculator shows variable 

predictive strength for adverse outcomes of specific surgeries; the same has been found 

for many other procedures (11, 15-26). The ACS examined the quality of the design of 

these external validations, as well as others with more concordant conclusions, and found 

that only 19 of 21 had sufficient sample size for evaluation of performance metrics, which 

requires a minimum of 100 events, and ideally 200 or more (27). In addition, they found that 

studying a homogeneous study population that underwent one type of procedure at a single 

institution limits discriminatory power and generalizability, because there is less information 

to discriminate events from non-events. The addition of surgery-specific predictors has 

been shown to improve the ACS-NSQIP Risk Calculator’s performance (15, 16). Despite 

its limitations for specific procedures, the calculator remains a useful tool for general risk 

predictions and benchmarking, as its discriminatory power and accuracy has been shown to 

be excellent in validation studies using data from millions of patients including hundreds of 

hospitals and types of surgeries (6).

In addition to the 12 adverse outcomes studied here, the ACS-NSQIP Risk Calculator 

also estimates the risk of serious complications. This was not addressed in the current 

study because of the discrepancy in definitions between the NSQIP and our institute’s SSE 

database. The SSE database grades complications on a 1–5 scale according to the widely 

used modified Clavien-Dindo classification, which classifies events of grades 3–5 as major 

events. However, the NSQIP definition of serious complications includes some grade 1–2 

events and excludes some grade 3 events. For example, small intra-abdominal abscesses that 

do not require intervention and urinary tract infections that require only oral antibiotics are 

defined as serious complications by NSQIP. Further, serious complications that are relatively 

common in the study population (e.g., dysphagia requiring anastomotic stricture dilatation 

and dyspnea requiring pleural effusion drainage) are not defined as serious by NSQIP. 

Finally, NSQIP may not adequately capture anastomotic leaks, as Rickles et al. showed that 

75% of these were not entered in the database after colectomies (28). The estimated serious 

complication rate by the ACS-NSQIP Risk Calculator in the current study population was 

26% and the actual incidence of grade 3–5 events as recorded in the SSE database was 19%. 

The current updated ACS-NSQIP Risk Calculator also includes the “surgeon adjustment of 

risk” function, allowing adjustment of the risk for all complications based on risk factors 

that are not accounted for in the current set of preoperative predictors by 1 or 2 standard 

deviations.

The current study included 202 events with any type of complication, making it one of 

the largest studies assessing the performance of the ACS-NSQIP Risk Calculator. Another 

strength of this study was the inclusion of only patients undergoing total gastrectomy for 

gastric cancer with curative intent, increasing the reliability and applicability of our findings 

to this population. Our source data are also highly reliable, as previous studies have found 

that the SSE database is highly accurate and concordant with NSQIP, at least for surgical 

site infections (7, 14). A disadvantage was the lack of assessment of the reliability of the 

calculator in predicting serious complications.
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Conclusions

For total gastrectomy with curative intent in gastric cancer patients, the predictive accuracy 

of the ACS-NSQIP Risk Calculator varies among outcomes. Its predictive performance was 

best for cardiac complication, renal failure, death, and discharge to nursing or rehabilitation 

facility.
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Figure 1. 
Distributions of observed vs predicted length of hospital stay.
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Figure 2. 
Hosmer-Lemeshow calibration curves.
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Table 1.

Preoperative Risk Factors (n=452).

Variable Data

Age, y, mean (SD) 62 (14)

Sex, m, n (%) 292 (65)

Functional status, n (%)

 Independent 446 (99)

 Partially dependent 6 (1.3)

 Totally dependent 0

Emergency case, n 0

ASA physical status, n (%)

 1 10 (2.2)

 2 157 (35)

 3 274 (61)

 4 11 (2.4)

Steroid use for chronic condition, n (%) 3 (0.7)

Ascites within 30 days prior to surgery, n 0

Systemic sepsis within 48 h prior to surgery, n 0

Ventilator dependence, n 0

Cancer dissemination, n (%) 5 (1.1)

Diabetes, n (%) 58 (13)

Hypertension requiring mediation, n (%) 165 (37)

Congestive heart failure in 30 days prior to surgery, n 0

Dyspnea with moderate exertion, n (%) 3 (0.7)

Current smoker within 1 year, n (%) 61 (14)

History of severe COPD, n (%) 3 (0.7)

Dialysis, n 0

Acute renal failure, n 0

BMI, kg/m2, mean (SD) 27 (5.1)

ASA, American Society of Anesthesiologists
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Table 2.

Mean Predicted and Observed Rates of Adverse Outcomes

Variable Predicted Observed Observed no. of events

Any complication, % 29 45 202

Pneumonia, % 7.0 5.3 24

Cardiac complication, % 0.8 2.0 9

Surgical site infection, % 16 25 114

Urinary tract infection, % 3.2 4.2 19

Venous thromboembolism, % 2.1 4.4 20

Renal failure, % 1.8 1.5 7

Readmission, % 12 16 74

Return to operating room, % 8.8 5.8 26

Death, % 1.8 1.8 8

Discharge to nursing or rehabilitation facility, % 11 2.0 9

Length of stay, d 9.8 11 n/a

Longer length of stay (≥ mean of 12 days), % 22 24 107

n/a, not applicable
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Table 3.

Performance of American College of Surgeons NSQIP Risk Calculator for 12 Adverse Outcomes.

Variable Brier
score

C-
statistic

Hosmer-
Lemeshow p value

Any complication 0.272 0.53 0.083

Pneumonia 0.052 0.49 0.008

Cardiac complication 0.019 0.83 0.568

Surgical site infection 0.195 0.60 0.373

Urinary tract infection 0.040 0.67 0.906

Venous thromboembolism 0.043 0.57 0.987

Renal failure 0.015 0.79 0.727

Readmission 0.140 0.44 0.313

Return to OR 0.055 0.58 0.841

Death 0.017 0.71 0.470

Discharge to nursing or rehabilitation facility 0.031 0.90 0.832

Length of stay longer than mean of 12 days 0.235 0.56 n/a

n/a, not applicable
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