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Abstract

Background—For patients with peritoneal carcinomatosis undergoing cytoreductive surgery 

with heated intraperitoneal chemotherapy (CRS/HIPEC), incomplete cytoreduction (CCR2/3) 

confers morbidity without survival benefit. The aim of this study is to identify preoperative factors 

which predict CCR2/3.

Methods—All patients who underwent curative-intent CRS/HIPEC of low/high-grade 

appendiceal, colorectal, or peritoneal mesothelioma cancers in the 12-institution US HIPEC 

Collaborative from 2000 to 2017 were included (n = 2027). The primary aim is to create an 

incomplete-cytoreduction risk score (ICRS) to predict CCR2/3 CRS utilizing preoperative data. 

ICRS was created from a randomly selected cohort of 50% of patients (derivation cohort) and 

verified on the remaining patients (validation cohort).

Results—Within our derivation cohort (n = 998), histology was low-grade appendiceal 

neoplasms in 30%, high-grade appendiceal tumor in 41%, colorectal tumor in 22%, and peritoneal 

mesothelioma in 8%. CCR0/1 was achieved in 816 patients and CCR 2/3 in 116 patients. On 

multivariable analysis, preoperative factors associated with incomplete cytoreduction were male 

gender [odds ratio (OR) 3.4, p = 0.007], presence of ascites (OR 2.8, p = 0.028), cancer antigen 

(CA)-125 ≥ 40 U/mL (OR 3.4, p = 0.012), and carcinoembryonic antigen (CEA) ≥ 4.2 ng/mL (OR 

3.2, p = 0.029). Each preoperative factor was assigned a score of 0 or 1 to form an ICRS from 0 to 

4. Scores were grouped as zero (0), low (1–2), or high (3–4). Incidence of CCR2/3 progressively 

increased by risk group from 1.6% in zero to 13% in low and 39% in high. When ICRS was 

applied to the validation cohort (n = 1029), this relationship was maintained.

Conclusion—The incomplete cytoreduction risk score incorporates preoperative factors to 

accurately stratify the risk of CCR2/3 resection in CRS/HIPEC. This score should not be used in 

isolation, however, to exclude patients from surgery.

It was not until the mid-20th century with the development of cytoreductive surgery (CRS) 

and hyperthermic intraperitoneal chemotherapy (HIPEC) that patients with peritoneal 

metastases had an option to pursue surgical intervention for a potential cure of their disease. 

Few prospective clinical trials have been able to demonstrate a benefit for the use of CRS/

HIPEC in improving survival.1–3 Despite this lack of evidence, the goals of CRS are clear: 

to achieve complete cytoreduction so that no visible residual tumor remains within the 

peritoneal cavity (CCR0/CCR1).4,5 In fact, current practice patterns dictate that infusion of 

intraperitoneal chemotherapy be done only in the setting of CCR0/1 resection, as incomplete 

cytoreduction (CCR2/3 resection) is not associated with a survival advantage and 

unnecessary HIPEC may confer significant morbidity.6

Patients undergoing CRS/HIPEC have better outcomes when undergoing CCR0/1 versus 

CCR2/3 resection across several tumor histologic types. In patients with colorectal cancer, 

macroscopically complete cytoreduction is associated with improved survival compared 

with limited cytoreduction.7–10 This pattern is also observed among patients with peritoneal 

metastases of appendiceal and gastric origin, with significantly improved survival in patients 

who undergo CCR0/1 compared with CCR2/3 resection.11–15 Although CCR0/1 resection 

may be associated with improved oncologic outcomes, CRS/HIPEC is associated with 

perioperative morbidity rates of 25–55% and perioperative mortality rates of up to 7%.
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6,7,12–14,16–18 Thus, predicting preoperatively which patients are more likely to undergo 

complete cytoreduction is crucial to spare patients complications from a potentially futile 

procedure.

Previous groups have attempted to develop models to assess which patients may be more 

likely to have CCR0/1 resection based on preoperative cross-sectional imaging 

characteristics, body mass index (BMI), serum concentrations of tumor markers, age, and 

peritoneal carcinomatosis index (PCI).19–22 Unfortunately, these previous scores are limited 

in that they are specific to only one histologic type of tumor, use specialized radiological 

expertise in interpreting preoperative imaging characteristics, or utilize the PCI, which is 

most faithfully measured intraoperatively. Given the morbidity of CRS/HIPEC and the lack 

of survival benefit in those patients who undergo CCR2/3 resection, the aim of this study is 

to use a large, multiinstitutional database to construct a score for preoperatively predicting 

incomplete cytoreduction to aid in assessment and selection of patients who are being 

considered for CRS/HIPEC.

METHODS

Patients were included from the US Hyperthermic Intraperitoneal Chemotherapy 

Collaborative (US-HIPECC) database, a retrospective collaboration of 12 US-based 

academic tertiary and quaternary referral centers.1 Institutional review board (IRB) approval 

was obtained at each study site prior to data collection. Patients who underwent exploration 

for curative-intent CRS ± HIPEC for the top four most common histologic tumor types 

within the database from 2000 to 2017 were included. Patients who were preoperatively 

determined to undergo prophylactic or palliative CRS/HIPEC were excluded.

Demographic, perioperative, histopathologic, and outcome data were collected by 

retrospective review of electronic medical records. Pathology was reviewed by expert 

gastrointestinal pathologists at each institution. Staging was based on American Committee 

on Cancer (AJCC) 7th edition guidelines. Histologic types of tumors were categorized into 

four groups: (1) noninvasive appendiceal tumors [including low-grade appendiceal mucinous 

neoplasm (LAMN) and high-grade appendiceal mucinous neoplasm (HAMN)], (2) invasive 

appendiceal tumors (including adenocarcinoma, adenosquamous carcinoma, mixed adeno-

neuroendocrine carcinoma, and others), (3) colorectal adenocarcinoma, and (4) peritoneal 

mesothelioma (all subtypes included). PCI was estimated preoperatively by cross-sectional 

imaging by radiologists at each respective institution and/or intraoperatively using published 

guidelines for estimation.23 Presence of ascites was determined using preoperative cross-

sectional imaging. Complete cytoreduction was estimated by surgeons at each respective 

institution at end of CRS and scored as CCR0 (no visible peritoneal disease), CCR1 

(remaining tumor nodules < 2.5 mm), CCR2 (remaining tumor nodules 2.5–2.5 cm), or 

CCR3 (remaining tumor nodules > 2.5 cm). The primary aim is to assess the association 

between preoperative clinicopathologic variables and incomplete cytoreduction (CCR2/3) 

and devise a risk score to predict CCR2/3 resection.

Statistical analysis was conducted using SPSS 22.0 software (IBM Inc., Armonk, NY). To 

create an incomplete-cytoreduction risk score (ICRS), patients in the US-HIPECC database 
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were randomized 1:1 into a derivation cohort or validation cohort using computerized 

randomization. Chi squared analysis was used to compare categorical variables, and 

Student’s t test was used for continuous variables. For serum tumor marker concentrations, 

Youden’s index for each respective receiver operator characteristic (ROC) curve was 

calculated to determine optimal cut-off values to create a dichotomous variable measured 

against incomplete cytoreduction. Univariate and multivariable binary logistic regression 

analyses were used to determine the association of preoperative variables with CCR2/3 in 

the derivation cohort. The weighted odds ratios (ORs) for variables statistically significantly 

associated with CCR2/3 (p < 0.05) on multivariable analysis were used to create the ICRS. 

The validation cohort was subsequently scored using the ICRS. Patients were then 

categorized into three groups (0 points, 1–2 points, 3–4 points), and the association of each 

score group with incomplete cytoreduction was calculated. The score was then applied to the 

validation cohort. Kaplan–Meier survival plots were constructed to determine the association 

of completeness of cytoreduction or ICRS score group with survival outcomes.

RESULTS

Of the 2372 patients within the US-HIPECC database, 2027 patients met inclusion criteria. 

Patients were randomized into the derivation cohort (DC, n = 998) and the validation cohort 

(VC, n = 1029). Demographic, pathologic, and treatment factors are listed in Table 1. The 

average age was 54.9 years (DC: 54.8 ± 12.4 years, VC: 55.0 ± 12.1 years, p = 0.513). 

Forty-three percent (n = 871) were male (DC: 44%, VC: 42%, p = 0.492), and mean BMI 

was 28.1 kg/m2 (DC: 28.4 ± 6.7 kg/m2, VC: 27.8 ± 6.3 kg/m2, p = 0.280). The most 

common histologic type of tumor was invasive appendiceal cancer in 42% (n = 859, DC: 

41%, VC: 44%), followed by noninvasive appendiceal cancer in 27% (n = 555, DC: 30%, 

VC: 25%), colorectal cancer in 23% (n = 459, DC: 22%, VC: 23%), and peritoneal 

mesothelioma in 8% (n = 154, DC: 8%, VC: 8%, all p = 0.142). Fourteen percent (n = 278) 

of patients presented with ascites (DC: 14%, VC: 13%, p = 0.724). By histology, 16% (n = 

79) of patients with noninvasive appendiceal cancer, 16% (n = 123) of patients with invasive 

appendiceal cancer, 7% (n = 32) of patients with colorectal cancer, and 29% (n = 44) of 

patients with peritoneal mesothelioma had ascites (p < 0.001). The mean CEA level was 

higher in the DC than VC (entire study population: 108 ± 2507 ng/mL, DC: 190 ± 3507 

ng/mL, VC: 22.2 ± 65 ng/mL, p = 0.041), though equal percentages of patients had CEA ≥ 

4.2 ng/mL (DC: 48.2% versus VC: 47.1%, p = 0.762). CA-125 and CA19–9 levels were 

similar between the two cohorts. Complete cytoreduction was carried out in 82% (n = 1656, 

DC: 82%, VC: 82%, p = 0.946). By histology, 9% (n = 47) of patients with noninvasive 

appendiceal cancer, 17% (n = 141) of patients with invasive appendiceal cancer, 6% (n = 25) 

of patients with colorectal cancer, and 18% (n = 25) of patients with peritoneal 

mesothelioma had incomplete cytoreduction (p < 0.001).

Derivation Cohort

In the DC, incomplete cytoreduction was associated with worse 5-year overall survival (OS) 

compared with complete cytoreduction (5-year OS: CCR0/1: 63% versus CCR2/3: 36%, p < 

0.001, Fig. 1a). Factors statistically significantly associated with increased odds of CC2/3 on 

univariate analysis included male gender, age, histologic subtype of tumor, prior cardiac 
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event, presence of ascites, any previous abdominal surgery, CA-125 level ≥ 40 U/mL, CA 

19–9 ≥ 125 U/mL, and CEA ≥ 4.2 ng/mL (Table 2). Serum albumin concentration ≥ 3.85 

g/dL was associated with decreased odds of undergoing CCR2/3 resection on univariate 

analysis. When these factors were placed into a multivariable model, only male gender [OR 

3.4, 95% confidence interval (CI) 1.4–8.6, p = 0.007], presence of ascites (OR 2.8, CI 1.1–

7.2, p = 0.028), CA-125 ≥ 40 U/mL (OR 3.3, 95% CI 1.3–8.8, p = 0.012), and CEA ≥ 4.2 

ng/mL (OR 3.2, 95% CI 1.1–9.1, p = 0.029) were associated with increased odds of 

undergoing incomplete cytoreduction.

Incomplete-Cytoreduction Risk Score

When constructing the ICRS, the ORs of the four factors associated with increased odds of 

undergoing CCR2/3 resection in the DC were considered, viz. male gender, presence of 

ascites, CA-125 ≥ 40 U/mL, and CEA ≥ 4.2 ng/mL. Because all four factors had an OR of 

approximately 3 on multivariable analysis, they were assigned equal weight in the ICRS 

with a score of 1 each. This created a score ranging from 0 to 4. Considering patients who 

had data available for all four factors in the DC (n = 272), the percentage of patients who 

underwent incomplete cytoreduction increased with increasing score: 0 points: 2% (n = 

1/64), 1 point: 10% (n = 10/102), 2 points: 17% (n = 13/75), 3 points: 38% (n = 11/29), 4 

points: 50% (n = 1/2). Based on these percentages, three score groups were formed: zero (0 

points), low (1–2 points), and high (3–4 points). When applying these score groups to the 

DC, there was a statistically significant increase in the percentage of patients undergoing 

incomplete cytoreduction with increasing score group from 2% for zero (n = 1/64), 13% for 

low (n = 23/177), to 39% for high (n = 12/31) (p < 0.001, Table 3). On univariate regression, 

the odds of undergoing CCR2/3 resection increased with increasing score group (zero: 

reference; low: OR 9.4, 95% CI 1.2–71.2, p = 0.030; high: OR 39.8, 95% CI 4.8–326.1, p = 

0.001). On Kaplan–Meier analysis, increasing score group was associated with lower 5-year 

overall survival (zero: 87.4%; low: 59.1%; high: 58.4%, p = 0.042, Fig. 1b).

Validation Cohort

Similar to the DC, patients in the VC with CCR2/3 resection had worse 5-year OS compared 

with those with CCR0/1 resection (CCR0/1: 63.3% versus CCR2/3: 29.0%, p < 0.001, Fig. 

2a). When applying the ICRS to the VC (n = 1029), 264 patients were included in analysis 

due to availability of variables in the US-HIPECC database. In the VC, increasing score 

group was associated with an increasing percentage of patients with CCR2/3 resection (zero: 

2%, low: 12%, high: 27%, p = 0.001, Table 3). On univariate regression analysis, increasing 

score group was associated with increased odds of undergoing incomplete cytoreduction 

(zero: reference; low: OR 9.1, 95% CI 1.2–69.0, p = 0.033; high: OR 23.3, 95% CI 2.8–

196.7, p = 0.004). When applying Kaplan–Meier analysis with the score groups to the VC, 

there was not a statistically significant association of survival with increasing score group 

(Fig. 2b).

DISCUSSION

This study presents a novel internally validated incomplete-cytoreduction risk score to 

predict the risk of incomplete cytoreduction (CCR2/3) in patients undergoing CRS with or 
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without HIPEC. Using patient factors (male gender and presence of preoperative ascites) and 

preoperative serum tumor markers (CA-125 ≥ 40 U/mL and CEA ≥ 4.2 ng/mL), patients 

were scored on a scale from zero to four and it was found that our score stratified patients 

into three score groups to predict the risk of CCR2/3 resection. Use of this score may help 

improve patient selection for CRS/HIPEC and circumvent the major morbidity associated 

with the procedure.

For the purposes of this study, four major histologic tumor subtypes were grouped into a 

single cohort of patients with over 70% having higher-risk tumor histologic types (invasive 

appendiceal cancer, colorectal cancer, and peritoneal mesothelioma). Indeed, the use of 

CRS/HIPEC in the setting of peritoneal carcinomatosis for these malignancies has been well 

described previously,2,7–11,13,14,17,18,24–33 and regardless of histologic subtype, previous 

studies have reported that completeness of cytoreduction is a major prognostic factor 

following CRS/HIPEC.11–15 We recognize that grouping these histologic subtypes of tumors 

together when creating the ICRS may prompt hesitation in its clinical application given their 

diverse biologic behavior, but it is important to note that factors included in our score have 

been shown to serve as markers for advanced tumor burden in the setting of peritoneal 

carcinomatosis of appendiceal cancer, colorectal cancer, and peritoneal mesothelioma.
24,34–39 Presence of ascites has different prognostic implications for noninvasive appendiceal 

neoplasms, where the character of ascites tends to be mucinous, versus the other histologies, 

where the character of ascites tends to be malignant. The US-HIPECC database does not 

differentiate between mucinous and malignant ascites preoperatively, as this is difficult to 

discern using cross-sectional imaging. Further, although noninvasive appendiceal cancer 

(LAMN/HAMN) is often treated as an entity separate from classic colorectal 

adenocarcinoma, in our cohort, 9% of patients with this histologic subtype had incomplete 

cytoreduction.13 Among these noninvasive appendiceal tumors only, all patients who had 

CCR2/3 resection fell into the high score group (3–4 points), thus suggesting utility of our 

ICRS even for noninvasive appendiceal tumors. Importantly, the presence of ascites in 

invasive appendiceal and colorectal cancer mirrored the incidence of incomplete 

cytoreduction. Lastly, although we did not conduct formal histology-specific analysis of the 

ICRS, we did account for histologic subtype within our multivariable model, where it was 

not independently associated with increased risk of incomplete cytoreduction. Future studies 

will be necessary to validate the ICRS within specific histologic subtypes.

Other groups have published scores to predict complete cytoreduction, though these scores 

are specific to a single histologic subtype of tumor. Dineen et al. published on the utility of 

the SPAAT Score, which relies on specific radiologic characteristics seen on cross-sectional 

imaging for patients with low-grade appendiceal mucinous cancers.21 Chesnias et al. also 

used radiographic findings to predict incomplete cytoreduction in the setting of ovarian 

carcinomatosis.19 Although these scores proved to be reliable in their respective studies, 

adding specific radiographic characteristics which require skilled, expert interpretation may 

introduce subjectivity to the risk score and prevent its broader applicability. Other groups 

have reported scores to predict complete cytoreduction for patients with ovarian cancer using 

data such as presence of ascites, tumor stage, and PCI.20,22 Again, although these scores do 

provide some utility, factors such as the PCI are most faithfully measured intraoperatively, 

thus limiting the use of these scores in the preoperative setting. When considering these 
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other scores, we feel that the strength of the ICRS is its use of readily available preoperative 
data and laboratory measurements which are routinely drawn for patients undergoing CRS/

HIPEC.

The potential clinical utility of the ICRS is fourfold. The score can primarily be used as a 

tool to preoperatively counsel patients on their individual risk of incomplete cytoreduction. 

This individually tailored approach to risk counseling is especially timely with the added 

emphasis on “personalized medicine” in the current era. Next, although we were unable to 

study this in a prospective fashion, the ICRS may be utilized to determine which patients 

should undergo diagnostic laparoscopy in an effort to visualize the burden of disease prior to 

laparotomy to determine the feasibility of cytoreduction and potentially spare the patient a 

nontherapeutic laparotomy. Third, the ICRS can be used to select patients for additional 

systemic therapy prior to HIPEC in an effort to reduce the burden of disease, which may aid 

in achieving complete cytoreduction. This necessitates prospective evaluation and is beyond 

the scope of the present study. Lastly, the ICRS may aid in patient selection for surgery in 

the case of patients with marginal functional status within the high-risk score group, as 

patients or surgeons may elect to avoid surgery if the risk of incomplete cytoreduction is 

substantially high. Although the ICRS is derived from the largest database of its kind 

published in literature thus far, with over 2000 patients, only 536 were available for final 

analysis due to the absence of data available for all four preoperative factors included within 

the score. Considering this limitation and the retrospective format of this study, we feel that 

the use of the ICRS alone to exclude potential candidates from surgery would not be an 

appropriate application of this score.

Other limitations include potential serum tumor marker measurement variations between the 

12 institutions participating within the US-HIPECC, which may introduce variability in 

reported values. Surgical conduct and pathologic examination were not standardized across 

institutions, although all sites are considered high-volume centers for CRS/HIPEC within 

the USA. Lastly, the ICRS was designed strictly to predict CCR2/3 resection and not 

survival (Figs. 1b, 2b). The inability of our score groups to discriminate survival differences 

among the study cohort is likely due to mixed histologic types within each score group.

CONCLUSIONS

This study proposes a novel internally validated risk score to predict preoperatively which 

patients are more likely to undergo incomplete cytoreduction in CRS ± HIPEC. The score 

uses male gender, presence of ascites, CA-125 ≥ 40 U/mL, and CEA ≥ 4.2 ng/mL to score 

and then stratify patients into three score groups: zero (0 points), low (1–2 points), and high 

(3–4 points). Use of this risk score may help guide preoperative decision-making to help 

circumvent major morbidity associated with CRS/HIPEC and may also help improve patient 

selection and preoperative counseling for this procedure. Despite the association of the ICRS 

with incomplete cytoreduction, it should not be used in isolation to exclude patients from 

surgery.
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FIG. 1. 
Kaplan–Meier analysis for overall survival in derivation cohort stratified by a completeness 

of cytoreduction (CCR 0/1: n = 788; CCR 2/3: n = 115) and b score group within the 

incomplete-cytoreduction risk score (zero: n = 64, low: n = 182, high: n = 33)
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FIG. 2. 
Kaplan–Meier analysis for overall survival in the validation cohort stratified by a 
completeness of cytoreduction (CCR 0/1: n = 813, CCR 2/3: n = 120) and b score group 

within the incomplete-cytoreduction risk score (zero: n = 62, low: n = 175, high: n = 32)
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