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Abstract

Objective—We previously reported an algorithm that identifies women at high risk of
postoperative morbidity & mortality (M/M) as a tool to triage between neoadjuvant chemotherapy
and primary surgery for epithelial ovarian cancer (EOC). We sought to independently validate its
performance using multicenter data.

Methods—Women who underwent surgery for stage I11C/IV EOC between 1/1/2014 and
12/31/2017 were identified from the National Surgical Quality Improvement Program database
and classified as “high risk” or “triage appropriate” using our algorithm. Outcomes were compared
between triage appropriate and high-risk women using the chi-square test.

Results—1,777 women met inclusion criteria; the mean age was 62.6 years and 81.9% had stage
I11C disease. Nationally, the surgical complexity scores were low (69.8% low, 25.2% intermediate
and 5.0% high). “High risk” women had 2-fold higher rate of severe 30-day complication or death
(6.2% vs 3.5%; p =0.01), a 3-fold higher rate of 30-day mortality (1.4% vs 0.5%; p=0.08), and a
higher risk of death following a severe complication (11.1% vs. 0%, p=0.11). A sensitivity
analysis excluding women with unknown albumin who didn’t meet other high risk criteria showed
similar results: severe 30-day complications or death (6.2% vs 3.5%; p=0.02) and 30-day mortality
(1.4% vs 0.3%; p=0.04) for “high risk” vs “triage appropriate” women.
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Conclusions—Primary cytoreductive surgery to minimal residual disease remains the goal for
EOC. We verify that our algorithm can identify women at risk of M/M using national multicenter
data, despite a low complexity surgical setting and using 30-day mortality (vs. 90-day). Objective
surgical risk assessment for ovarian cancer should be standard of care and can be incorporated into
practice using the Mayo triage algorithm.

Keywords

Epithelial ovarian cancer; Primary debulking surgery; Morbidity and mortality; Mayo triage
algorithm

Introduction

Cytoreductive surgery with adjuvant chemotherapy has been the cornerstone of treatment for
advanced epithelial ovarian cancer (EOC). When disease burden is high, the required
surgical effort and resultant surgical morbidity and mortality (M/M) after cytoreductive
surgery is increased.l 2 Given the complexity of surgery needed, we must be able to identify
individuals at unacceptable risk of serious complications or death due to patient-related
factors (i.e., comorbidities, frailty, malnutrition etc.). Neoadjuvant chemotherapy (NACT)
followed by interval cytoreductive surgery is an alternate approach for such patients with
lower postoperative morbidity and mortality.3 4 While observational studies have suggested
that primary cytoreductive surgery is superior to NACT in terms of survival, > 6. 7.8
prospective randomized trials suggest that NACT is not inferior to primary cytoreductive
surgery.3: 4 Unfortunately the choice between primary cytoreductive surgery and NACT is
often based on subjective bias, institutional preference or center experience.

Irrespective of the timing of surgery (primary vs. interval), debulking to minimal residual
disease with low surgical M/M would yield the best outcomes in EOC. The risk of short-
term M/M associated with cytoreductive surgery should therefore be weighed against its
survival benefit. We believe that the treatment approach for each patient should be chosen
based on measurable risk factors which predict perioperative M/M.% 10 We previously
reported a triage algorithm to identify women at high risk of poor operative outcomes to
successfully improve surgical outcomes after cytoreductive surgery for EOC. 11 (Figure 1)
This provides a sensible, evidence-based approach to frame the discussion on patient
selection for surgery. This is relevant to both the primary question of triage between NACT
and primary cytoreductive surgery, but the bigger question as to surgical eligibility at any
time in the spectrum of treatment. Both situations require ascertainment of patient risk
factors as well as the anticipated complexity of surgery. Most patients can tolerate a low
complexity surgery but if high complexity surgery is anticipated the risks are substantially
higher. Preoperative chemotherapy may have a role in reducing surgical complexity for
relevant patients.12 13

Within our institution, our triage algorithm was successful in identifying women at increased
risk of surgical M/M after cytoreductive surgery. The initial implementation of the Mayo
triage algorithm resulted in a significant decrease in 90-day mortality from 8.9% to 2.6% -
these rates reflecting an underlying high complexity surgical setting for most patients.1 As
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the next step, we sought to externally validate the performance of our triage algorithm in
order to test the reproducibility and generalizability of our findings using national multi-
institutional data.

Women who underwent cytoreductive surgery for stage 111C/IVV EOC between 1/1/2014 and
12/31/2017 were identified from the National Surgical Quality Improvement Program
(NSQIP) database using hysterectomy targeted participant use files (PUF). When compared
to the general PUF, the hysterectomy targeted PUF contains more data points relevant to
EOC such as surgical staging and residual disease. Women with a diagnosis of malignant
neoplasm of ovary, fallopian tube or peritoneum were identified using ICD-9 and ICD-10
diagnosis codes (183.x, 158.8, 158.9, C48.1, C48.2, C56, C56.1, C56.2, C56.9, C57.0,
C57.00, C57.01, C57.02, C57.4). We excluded women with the following characteristics
preoperatively: ASA score =5, ventilator dependence, open wound, acute renal failure,
undergoing dialysis, sepsis within 48h prior to surgery, and emergent surgery. The Mayo
Clinic institutional review board waived review of our study because it included de-
identified patient data.

Surgical complexity score (SCS) was assigned using a previously published scoring
system?4 after mapping the CPT codes for the principal operative procedure, other
procedures, or concurrent procedures to the 12 procedure categories in the surgical
complexity scoring system. We retrospectively applied our triage algorithm and classified
women as “high risk” if they met at least one of the three criteria listed, or “triage
appropriate” if they had no high-risk factors at the time of cytoreductive surgery. (Figure 1)
A priori use of the algorithm would have recommended NACT for the high risk women.

Outcomes studied included severe 30-day complications, 30-day mortality and residual
disease after surgery. Severe 30-day complications (Accordion grade 3 postoperative
complications) were defined as occurrence of at least one of the following events within 30
days after surgery: unplanned reoperation, septic shock, progressive renal insufficiency,
acute renal failure requiring dialysis, or ventilator for > 48 hours. Outcomes were compared
between groups using the two-sided Fisher’s exact test or chi-square test. Odds ratios (OR)
and corresponding 95% confidence intervals (Cl) are reported to summarize the strength of
the association. For the primary analysis, women without documented albumin levels were
assumed to have normal levels and were classified as “triage appropriate” if they did not
meet any other high risk criteria. We performed a sensitivity analysis excluding women
without documented albumin levels who did not meet any other high risk criteria. P values
<0.05 were considered statistically significant. All statistical analyses were performed using
the SAS version 9.4 software package (SAS Institute, Inc.; Cary, NC).

The mean age of 1,777 included women (Figure 2) was 62.6 years and 81.9% (1,455/1,777)
had stage I11C disease. Most women in this cohort (69.8%) underwent low complexity
surgery. Only 5% of women underwent high complexity surgery. Preoperative albumin was
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normal in 60%, low (<3.5 g/dL) in 16.5%, and not recorded in 23.5%. (Table 1) Median
operative time was 192 minutes consistent with relatively low complexity operations.
Residual disease documentation (a quality measure) was not recorded in 16.8% of women.

Upon retrospectively applying our triage algorithm (Figure 1), 28.2% (501/1777) met the
high risk criteria for surgical M/M, and the remaining 71.8% (1276/1777) were “triage
appropriate”. Characteristics of included women by risk classification are shown in Table 1.
“High risk” women were older (mean, 69.6 vs 59.9 years), more likely to have ASA score
>3 (77.6% vs 61.9%), and have low serum albumin (<3.5 g/dL, 58.5% vs 0%). FIGO
staging, surgical complexity, and operative time were similar for the “high risk” women and
“triage appropriate” women.

Of the 1777 women, 417 (23.5%) women had no documented preoperative albumin. For the
initial analysis, these women (n=350) were considered as “triage appropriate” in the absence
of other high-risk factors. If other high-risk factors were present (n=67) they were
considered “high risk”. Women who were scored as “high risk” by our algorithm had worse
outcomes compared to those identified as appropriate for cytoreductive surgery. (Table 2,
Main analysis) Specifically, “high risk” women had 2-fold higher rate of severe 30-day
complications or death (6.2% vs 3.5%; OR 1.80, 95% CI 1.13-2.89; p = 0.01) and a 3-fold
higher rate of 30-day mortality (1.4% vs 0.5%; OR 2.57, 95% CI 0.90-7.36; p = 0.08).
Complete cytoreduction was achieved in 51.1% of “triage appropriate” women as compared
to 46.1% of “high risk” women ( p<0.001; 47.4% (208/439) vs. 37.3% 387/1039 when
excluding women with RD not recorded, p<0.001).

We performed a sensitivity analysis excluding the 350 women with unknown preoperative
albumin who didn’t meet any other high risk criteria. Of the remaining 1427 women, 501
(35.1%) met the high risk criteria for surgical M/M, and the remaining 926 (64.9%) were
“triage appropriate”. The sensitivity analysis showed similar results with increased risk of
severe 30-day complications or death (6.2% vs 3.5%; OR 1.84, 95% CI 1.11-3.06: p =
0.02), 30-day mortality (1.4% vs 0.3%; OR=4.36, 95% CI 1.12-16.93; p = 0.04), and lower
rates of complete cytoreduction (46.1% vs 51.3%, p < 0.001). (Table 2, sensitivity analysis)

We have previously published that this triage algorithm can identify women who are least
able to survive after major complication. To test this in the national cohort, we examined the
relationship between mortality following a severe complication and triage risk
categorization. We used the sensitivity analysis cohort for this analysis (excluding the 350
women with unknown albumin who didn’t meet any other high risk criteria). Overall, severe
postoperative complications occurred in 3.9% (56/1427) and 30-day mortality in 0.7%
(10/1427) of women. The 30-day mortality following a severe complication was higher in
“high risk” women vs. “triage appropriate” women (11.1% (3/27) vs. 0% (0/29); OR=8.43,
95% ClI 0.42-171.20; p=0.11). The difference was significant in magnitude although power
was limited by small number of events. For comparison, the 30-day mortality in the absence
of a severe postoperative complication was not significantly different in the two groups:
0.8% (4/474) among “high risk” women and 0.3% (3/897) for “triage appropriate” women
(p = 0.24). This reinforces the concept of lack of resiliency to tolerate severe complication in
the “high risk” women, and that our model is able to identify these women.
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Finally we looked at the impact of surgical complexity on M/M, recognizing that the
majority of patients had low complexity surgery. The rate of severe 30-day complications or
death was higher for women who underwent intermediate or high complexity surgery when
compared to those who underwent low complexity surgery (7.3% (39/537) vs. 3.0%
(37/1240), p <0.001). We wanted to quantify the increased risk of M/M in “high risk”
women based on surgical complexity (Table 3). After intermediate or high complexity
surgery, the rate of severe 30-day complications or death was significantly higher for “high
risk” women vs. “triage appropriate” women (11.0% (17/154) vs. 5.7% (22/383); p=0.03).
After low complexity surgery, this difference was greatly reduced and not statistically
significant (4.0% (14/347) vs. 2.6% (23/893); p=0.18). These data support that the increased
risk of M/M seen in triage high-risk women, increases with increasing surgical complexity.

Discussion

In this study, we used an independent multicenter national dataset to test the ability of our
triage algorithm to identify women at increased risk of surgical M/M after cytoreductive
surgery. Despite studying a cohort where surgical complexity was low in nearly70% of
cases, our algorithm identified a subgroup of women who were at a 2 fold increased risk of
severe 30-day postoperative complications or death and 3 fold increased risk of 30-day
mortality after cytoreductive surgery. “High risk” women were also more likely to die within
30 days following a severe complication (11.1% vs 0%, p=0.11) and less likely to have
complete cytoreduction. This is consistent with previously reported findings from our
institutional cohort!! and supports the validity and generalizability of our findings.

Following the initial implementation of the triage algorithm within our institution, we
observed a significant decrease in 90-day mortality in our institutional cohort from 8.9%
among 620 surgical cases during 20032011 to 2.6% among 232 surgical cases during 2012-
July 2016.11 In the NSQIP cohort, 30-day mortality for “high risk” women was 1.4%
compared to 0.5% for “triage appropriate” women. The observed 3 fold increased risk of 30-
day mortality for “high risk” women in the NSQIP cohort is similar to what we previously
reported in our institutional cohort (70.8% reduction in deaths). While the 3 fold increase in
mortality for the “high risk” women is consistent within our institutional dataset as well as
the NSQIP dataset, the absolute risk difference depends on the baseline risk within each
cohort which depends on surgical complexity and whether 30 or 90 day is used for
measuring mortality.

The absolute mortality rates in the NSQIP cohort are lower than in our institutional cohort,
and this is likely related to two factors: using 30-day mortality instead of 90-day mortality,
and the profound differences in the rates of surgical complexity. With our improving ability
to care for critically ill postoperative patients, 30-day mortality rate may not capture the true
landscape of postoperative morbidity after surgery for EOC. The 90-day mortality rate (not
reported in NSQIP), is a better metric for EOC because it captures women who do not
recover enough after complex cytoreductive surgery to proceed to chemotherapy and die
between 30 and 90 days after surgery. The 90-day mortality rate is usually double that of the
30-day mortality rate.2® In a National Cancer Database (NCDB) analysis of 24,827 women
from 602 hospitals, 30-day mortality was 2.1% (95% CI 2.0-2.3) compared with 90-day
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mortality of 5.1% (95% CI 4.8-5.4%). We found that 70% of the NSQIP cohort underwent a
low complexity surgery, compared to 18.5% in our contemporary institutional cohort from
2012 — July 2016. Similarly the rate of high complexity surgery was only 5% in NSQIP
cohort vs. 27.2% in our institutional cohort. This is also reflected in the median operative
time of 192 minutes in the NSQIP cohort compared to 315 minutes in our institutional
cohort. The operative time reported by aggressive surgical centers range from 240 to 451
minutes for primary cytoreductive surgery, and 275 to 302 minutes for interval cytoreductive
surgery.”- 1213 The rate of severe 30-day complications or death was higher after
intermediate or high complexity surgery vs. low complexity surgery (7.3% (39/537) vs.
3.0%(37/1240), p<0.001) in the NSQIP cohort.

We previously reported that our algorithm identifies women who more likely to succumb to
severe postoperative complications. The 90-day mortality following a severe postoperative
complication was significantly higher in our institutional cohort prior to implementation of
our triage algorithm as compared to after (28.3% vs 2.4%, p <0.001). In the NSQIP cohort,
we were able to demonstrate higher mortality following a severe postoperative complication
in the “high risk” subgroup (11.1% vs 0%) despite using 30-day mortality, although the
difference was not statistically significant. These findings confirm the ability of our
algorithm to identify women with decreased reserve who are less likely to recover from
severe complications.

Strengths of our study include using data from multiple institutions to validate the
performance of our algorithm across surgical practices supporting the generalizability of our
findings. The data submitted to NSQIP is collected by a trained and certified Surgical
Clinical Reviewer (SCR). Further, Inter-Rater Reliability (IRR) Audits are conducted to
ensure that the data are of the highest quality. Additional strengths include large sample size,
and inclusion of only advanced EOC. Limitations include a retrospective design and the risk
of bias inherent in this study design. Large databases are also prone to misclassification bias;
however, we expect this to be similar across groups. As described above, the surgical
complexity in this cohort was low, and 90-day mortality was not available. However, we
were able to demonstrate a significant difference in outcomes between “high risk” women
and “triage appropriate” women despite low SCS, and use of 30-day mortality. Lastly, we
were unable to study the impact of triage classification on postoperative chemotherapy
delivery since this information is not available in NSQIP.

Cytoreductive surgery with the goal of minimal residual disease remains the standard of care
for advanced ovarian cancer. Some patients are poor candidates for surgery due to high risk
of postoperative morbidity and mortality. We present a surgical risk stratification tool that is
able to identify women at risk of poor short-term outcomes following cytoreductive surgery.
This tool, while developed in a setting where most patients underwent moderate or high
complexity surgery, is shown to perform well in an independent, multi-center and lower
complexity cohort. Given the reproducibility and generalizability of our findings, our triage
algorithm can be used to determine the suitability of surgery in varied clinical settings. We
currently use our algorithm to help in the decision between primary cytoreductive surgery
and NACT at initial presentation; we also use our algorithm to assess eligibility for interval
cytoreductive surgery following NACT. Objective surgical risk assessment should be
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standard of care in the treatment planning for EOC and can be incorporated into practice
using our evidence based triage algorithm.
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. The Mayo triage algorithm identifies women at highest risk of morbidity &

. Ability of our algorithm to identify women at risk of M/M after cytoreduction

. Given the reproducible findings, our algorithm can be applied to ovarian

mortality (M/M) after cytoreductive surgery

is verified using national multicenter data

cancer management in varied clinical settings.
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High-risk for surgical M/M if one of the following three
criteria is met”

1. Albumin<3.5 g/dl

2. Age 280

3. Age 75-79 and one of following:
-ECOG PS >1 (ASA score 3-4)
-Stage |V disease’

—> Triage to PDS

Not high risk

-Complex surgery likely*

High risk

* Consider NACT if recent (<6 months) VTE/ MI/ stent/ laparotomy
"Multiple liver parenchymal or lung metastasis > Triage to NACT
*More than hysterectomy / BSO/ omentectomy

Abbreviations: ASA, American society of Anesthesiologists; BSO, Bilateral salpingo-oophorectomy; ECOG PS,
Eastern Cooperative Oncology Group Performance Status; IDS, Interval debulking surgery; MI, Myocardial
infarction; M/M, Morbidity and mortality; NACT, Neoadjuvant chemotherapy; PDS, Primary debulking surgery;
VTE, Venous thromboembolism.

Figure 1:
Mayo triage algorithm to predict surgical morbidity and mortality after cytoreductive

surgery for advanced epithelial ovarian cancer
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Cytoreductive surgery for
stage I1IC or IV ovarian

cancer
NSQIP hysterectomy PUF 2014-2017

N=1,832 Exclusions (some patients
met more than one criteria),
N= 55

s| Emergency cases (N=10)
ASA Class 5 (N=0)
Ventilator dependent preop (N=0)
Sepsis <48hours preop (N=39)
Study cohort Oppcnu“infcctcd \\"opundp(N*-?)

N= 1,777 Acute renal failure preop (N=1)

Dialysis preop (N=2)

Mayo triage algorithm

High risk subgroup
N=501

Triage appropriate
subgroup
N=1,276

Abbreviations: ASA, American society of anesthesiologists, CRS, cytoreductive surgery: OC, ovarian
cancer, NOS, not otherwise specified, NSQIP, National Surgical Quality Improvement Program, PUF,

participant use file.

Figure 2:
Participant flow diagram
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Characteristics of 1,777 women who underwent surgery for stage I11C or IV ovarian cancer between 1/1/2014

—12/31/2017

Characteristic

Total (N=1,777)

High risk subgroup (N=501)

Triage appropriate subgroup

(N=1,276)

Age (years), mean (SD) 62.6 (11.5) 69.6 (12.2) 59.9 (9.9)
Race/ethnicity

Non-Hispanic White 1246 (70.1) 377 (75.2) 869 (68.1)

Hispanic White 54 (3.0) 11(2.2) 43 (3.4)

Black or African American 91 (5.1) 28 (5.6) 63 (4.9)

Asian, Native Hawaiian or Pacific Islander 65 (3.7) 10 (2.0) 55 (4.3)

American Indian or Alaska Native 7(0.4) 2(0.4) 5(0.4)

Other or Unknown 314 (17.7) 73 (14.6) 241 (18.9)
Body Mass Index(kg/m?)

<25.0 656 (36.9) 191 (38.1) 465 (36.4)

25.0-39.9 1008 (56.7) 281 (56.1) 727 (57.0)

240.0 95 (5.3) 23 (4.6) 72 (5.6)

Not documented 18 (1.0) 6(1.2) 12 (0.9)
Functional Status

Independent 1765 (99.3) 494 (98.6) 1271 (99.6)

Partially Dependent 10 (0.6) 7(1.4) 3(0.2)

Not documented 2(0.1) 0 (0.0) 2(0.2)
American Society of Anesthesiologists (ASA) score

<3 597 (33.6) 112 (22.4) 485 (38.0)

>3 1179 (66.3) 389 (77.6) 790 (61.9)

Not documented 1(0.1) 0 (0.0) 1(0.1)
Preoperative albumin (g/dL)

>35 1067 (60.0) 141 (28.1) 926 (72.6)

<35 293 (16.5) 293 (58.5) 0(0.0)

Not documented 417 (23.5) 67 (13.4) 350 (27.4)
FIGO stage

Inc 1455 (81.9) 412 (82.2) 1043 (81.7)

v 322 (18.1) 89 (17.8) 233 (18.3)
Surgical complexity

Low 1240 (69.8) 347 (69.3) 893 (70.0)

Intermediate 448 (25.2) 125 (25.0) 323 (25.3)

High 89 (5.0) 29 (5.8) 60 (4.7)

Operative time (minutes), Median (IQR)

192 (135, 263)

180 (129, 255)

195 (140, 266)

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; SD, standard deviation.

Results are reported as N (%) unless otherwise noted.
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Table 3:
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30-day outcomes All women (N=1,777) High r(i,\sllisséjlt;group Triage apprgpfiate subgroup p value!
Low surgical complexity subgroup (N=1,240)
Severe 30-day complication 31/1240 (2.5%) 12/347 (3.5%) 19/893 (2.1%) 0.18
30-day mortality 9/1240 (0.7%) 4/347 (1.2%) 5/893 (0.6%) 0.28
Severe 30-day complication or death 37/1240 (3.0%) 14/347 (4.0%) 23/893 (2.6%) 0.18
Intermediate/high surgical complexity subgroup (N=537)
Severe 30-day complication 36/537 (6.7%) 15/154 (9.7%) 21/383 (5.5%) 0.07
30-day mortality 5/537 (0.9%) 3/154 (2.0%) 2/383 (0.5%) 0.15
Severe 30-day complication or death 39/537 (7.3%) 17/154 (11.0%) 22/383 (5.7%) 0.03

fComparisons between the two groups were evaluated based on the two-sided Fisher’s exact test for 30-day mortality and the two-sided chi-square

test for all other variables.
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