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Abstract

Background—Most patients with malignant peritoneal mesothelioma (MPM) present with late-

stage, unresectable disease that responds poorly to systemic chemotherapy while, at the same time,

effective targeted therapies are lacking. We assessed the efficacy of cytoreductive surgery (CRS)

and hyperthermic intraperitoneal chemoperfusion (HIPEC) in MPM.

Methods—We prospectively analyzed 65 patients with MPM undergoing CRS/HIPEC between

2001 and 2010. Kaplan–Meier survival curves and multivariate Cox-regression models identified

prognostic factors affecting oncologic outcomes.

Results—Adequate CRS was achieved in 56 patients (CC-0 = 35; CC-1 = 21), and median

simplified peritoneal cancer index (SPCI) was 12. Pathologic assessment revealed predominantly

epithelioid histology (81 %) and biphasic histology (8 %), while lymph node involvement was

uncommon (8 %). Major postoperative morbidity (grade III/IV) occurred in 23 patients (35 %),

and 60-day mortality rate was 6 %. With median follow-up of 37 months, median overall survival

was 46.2 months, with 1-, 2-, and 5-year overall survival probability of 77, 57, and 39 %,

respectively. Median progression-free survival was 13.9 months, with 1-, 2-, and 5-year disease

failure probability of 47, 68, and 83 %, respectively. In a multivariate Cox-regression model, age

at surgery, SPCI >15, incomplete cytoreduction (CC-2/3), aggressive histology (epithelioid,

biphasic), and postoperative sepsis were joint significant predictors of poor survival (chi square =

42.8; p = 0.00001), while age at surgery, SPCI >15, incomplete cytoreduction (CC-2/3), and

aggressive histology (epithelioid, biphasic) were joint significant predictors of disease progression

(Chi square = 30.6; p = 0.00001).

Conclusions—Tumor histology, disease burden, and the ability to achieve adequate surgical

cytoreduction are essential prognostic factors in MPM patients undergoing CRS/HIPEC.
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Malignant peritoneal mesothelioma (MPM) is an aggressive primary malignancy arising

from the serosal lining of the peritoneal cavity and accounts for 250–500 cases annually in

the United States. Malignant ascites and locoregional invasion cause significant morbidity

and mortality, while lymph node involvement (5–10 %) or extra-abdominal metastases (3–5

%) are uncommon. A majority of patients present with late-stage unresectable disease that

responds poorly to systemic chemotherapy, while, at the same time, effective targeted

therapies are lacking.1,2

The locoregional nature of the disease lends itself to aggressive locoregional therapies,

including cytoreductive surgery (CRS) and perioperative intraperitoneal chemotherapy

(PIC) in select patients. To date, no randomized trials or comparative studies involving

CRS/PIC for the treatment of MPM have been published. However, a recent systematic

review of multiple retrospective institutional studies, using CRS/PIC to treat MPM,

demonstrated median survival ranging from 34 to 92 months, with five survival rates up to

59 %.3 In contrast, modern systemic chemotherapy regimens combining cisplatin or

gemcitabine with pemetrexed or raltitrexed have demonstrated response rates of 15–40 %

and median survival of 12–27 months in randomized trials for pleural mesothelioma and

small nonrandomized prospective phase II trials for peritoneal mesothelioma.4–8

The aim of our study is to provide clinic-pathologic and oncologic outcome data in patients

treated uniformly with CRS and hyperthermic intraperitoneal chemoperfusion (HIPEC) at a

single high-volume institution. We also provide prognostic factors influencing disease

progression and long-term survival in order to improve patient selection for these complex

surgical procedures.

MATERIALS AND METHODS

We analyzed 65 consecutive patients with MPM, undergoing CRS with HIPEC between

March 2001 and August 2010, from a prospective database. The study was approved by the

University of Pittsburgh institutional review board, and all procedures were performed by

surgeons with extensive experience in regional therapies.

Preoperatively, patients were evaluated in a dedicated peritoneal surface malignancy clinic.

Intraoperatively, volume of disease was quantified by the Dutch simplified peritoneal cancer

index (SPCI), by which a score is allocated by measuring the maximum thickness of the

largest tumor nodule (no tumor = 0; <2 cm = 1; 2–5 cm = 2; >5 cm = 3) in each of seven

abdominopelvic regions (pelvis, right lower abdomen, omentum-transverse colon, small

bowel-mesentery, subhepatic space-stomach, right subphrenic space, and left subphrenic

space). The SPCI adds up to a maximum score of 21.9,10 CRS was performed in accordance

with techniques, described by Bao and Bartlett. Completeness of cytoreduction (CC) score

assessed the extent of residual disease at the end of surgical resection: CC-0, no visible

residual disease; CC-1, residual tumors ≤2.5 mm; CC-2, residual tumors 2.5–2.5 cm; CC-3,

residual tumors ≥2.5 cm.11 A standard institutional protocol for HIPEC was initiated after

CRS as described by Gusani et al.12 Using the closed technique, a roller-pump heat

exchanger perfusion machine (ThermoChem HT-100, ThermaSolutions, Melbourne, FL,

USA) allowed adequate saline flow (>800 ml/min) and a target intraperitoneal tissue
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temperature of 42 °C. Mitomycin C dosing included 30 mg added to the perfusate initially

for 60 min followed by an additional 10 mg for 40 min, while cisplatin was added to the

perfusion circuit at a dose of 50 mg/m2/l of perfusate. Postoperative morbidity was classified

according to the Dindo–Clavien grading system.13 For the purposes of analysis, grades 3–4

were considered major complications.

Statistical Analysis

Statistical analysis was performed using STATA 10 (College Station, TX, USA). p values

<0.05 were considered significant. Overall survival was calculated from the date of surgery

to the date of death. If a patient did not experience death, they were censored at the time of

their last follow-up. Time to progression was calculated from the date of surgery to the date

of tumor recurrence. If a patient did not experience progression or recurrence, they were

censored on the date of their last follow-up or death. Survival times were estimated using the

Kaplan–Meier method. Proportional hazards regression was used to examine both univariate

and multivariate associations with overall survival and progression-free survival. In

univariate analyses, Bonferonni adjustments were made to p values to account for multiple

comparisons. All clinic-pathologic factors that were examined in univariate analysis were

considered for entry into the model for multivariate analysis. Variables were selected for the

final multivariate model based on a stepwise selection method.

RESULTS

Patient Characteristics and Clinical Presentation

Data were available for 65 patients with malignant peritoneal mesothelioma (Table 1).

Disease was isolated to the peritoneal cavity in 56 patients (86 %), while nine patients (14

%) had combined peritoneal and pleural disease at presentation. Mean age was 54 years,

with majority (74 %) being males. A history of exposure to asbestos was documented in 18

patients (38 %). Majority of patients were symptomatic at presentation, and the most

common complaint was abdominal pain (n = 34, 52 %). Prior to the index surgical resection

at our institution, 15 patients (24 %) had received chemotherapy, 14 patients (22 %) had

undergone cytoreductive surgery, and five patients (8 %) had received intraperitoneal

chemotherapy.

Operative Characteristics and Pathology

Adequate cytoreduction (CC-0/1) was achieved in 86 % of patients despite a median SPCI

of 12. Median operative time and estimated blood loss were 438 min and 600 ml,

respectively. A majority of patients underwent omentectomy (92 %), with splenectomy

being the most common visceral resection (48 %). All patients received HIPEC, with the

drug of choice being mitomycin C (94 %). Pathologic assessment revealed predominantly

epithelioid histology (51 patients, 81 %) and biphasic histology (five patients, 8 %), with a

majority (51 %) having high-grade tumors. Lymph node involvement was uncommon (five

patients, 8 %) (Table 2).
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Postoperative Characteristics

Of the 65 patients, 91 % were admitted to the intensive care unit (ICU) postoperatively, with

median ICU and hospital length of stay being 2 and 12 days, respectively. A total of 12

patients (18 %) underwent reoperation: four patients (33 %) for enteric leak, 1 patient (8 %)

for an intra-abdominal abscess, and seven patients (58 %) for other reasons. Major

postoperative morbidity (grade III/IV) occurred in 23 patients (35 %); most commonly

pulmonary (25 patients, 39 %), cardiac (15 patients, 23 %), and wound complications (16

patients, 25 %). The 60-day mortality rate was 6 % (four patients). Of the 51 patients with

available data, adjuvant chemotherapy was administered to 7 (14 %) (Table 3).

Oncologic Outcomes

Median follow-up time was 36.8 months (IQR, 12.2– 53.1 months). Death occurred in 37

patients (57 %), while tumor progression occurred within the peritoneal cavity alone in 21

patients (70 %) and within both peritoneal and pleural cavities in nine patients (27 %). A

total of 13 patients had unknown disease progression status at last follow-up. Median overall

survival was 46.2 months, with 1-, 2-, and 5-year overall survival probability of 77, 57, and

39 %, respectively (Fig. 1a). Median progression-free survival was 13.9 months, with 1-, 2-,

and 5-year disease failure probability of 47, 68, and 83 %, respectively (Fig. 1b).

Univariate associations with poor survival were examined for age, gender, BMI, ASA,

preoperative albumin level, asbestos exposure, symptoms, completeness of cytoreduction,

SPCI, blood loss, operative time, specific visceral resection, number of anastomoses, tumor

histology/grade, lymph node involvement, and postoperative morbidity. On univariate

analysis, significant predictors of poor survival included older age at surgery (p = 0.02),

lower preoperative albumin level (p = 0.0001), higher SPCI (p = 0.04), higher CC-score (p =

0.01), incomplete cytoreduction CC-2/3 (p = 0.001), higher EBL (p = 0.003), need for

intraoperative blood transfusion (p = 0.05), high-grade tumor histology (p = 0.004),

aggressive histology (i.e. sarcomatoid, biphasic), (p = 0.003), major wound infection (p =

0.004), postoperative sepsis (p = 0.04), prolonged ileus >3 weeks (p = 0.002), low albumin

level at discharge (p = 0.04), and reoperation for complications (p = 0.04). There was a trend

toward poor survival in patients with asbestos exposure (p = 0.06) and those with cardiac

complications (p = 0.06). In a multivariate Cox-regression model, age at surgery, SPCI >15,

incomplete cytoreduction (CC-2/3), aggressive histology (sarcomatoid, biphasic), and

postoperative sepsis were joint significant predictors of poor survival (chi square = 42.8; p =

0.00001) (Table 4).

Significant predictors of poor progression on univariate analysis included older age at

surgery (p = 0.02), low preoperative albumin level (p = 0.0001), higher SPCI (p = 0.04),

higher CC-score (p = 0.01), higher EBL (p = 0.003), need for intraoperative blood

transfusion (p = 0.05), high-grade tumor histology (p = 0.004), incomplete cytoreduction

CC-2/3 (p = 0.001), aggressive histology (i.e. sarcomatoid, biphasic), (p = 0.003), major

wound infection (p = 0.004), prolonged ileus >3 weeks (p = 0.002), and low albumin level at

discharge (p = 0.04). In a multivariate Cox-regression model, age at surgery, SPCI >15,

incomplete cytoreduction (CC-2/3), and aggressive histology (sarcomatoid, biphasic) were
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joint significant predictors of disease progression (Chi square = 30.6; p = 0.00001) (Table

4).

DISCUSSION

Recent success with CRS/PIC in peritoneal surface malignancies, such as pseudomyxoma

peritonei and ovarian cancer, has led to a number of centers publishing their experience with

this treatment strategy in MPM, demonstrating median survival up to 92 months and 5-year

survival rates up to 59 % in select patients.14–17 These oncologic outcomes are far superior

to the 12–27 months median survival with systemic chemotherapy and best supportive care

strategies.4,6,14 However, no randomized or comparative trials of CRS/HIPEC have been

published, and oncologic outcomes vary significantly, based on a number of important

prognostic factors identified in various small single-institution studies.

The prognostic effect of tumor histology on survival and progression has been consistently

demonstrated in a number of published series.18–20 Our data also demonstrates that patients

with aggressive histologies, including sarcomatoid and biphasic subtypes, derive minimal

benefit from CRS/HIPEC with short survival (median survival, 51.5 months [95 % CI 23–

90.2 months] for epithelioid/well-differentiated papillary/multicystic versus 10.5 months [95

% CI 0.5–17 months] for sarcomatoid/biphasic histology) and early progression (median

PFS, 16 months [95 % CI 10.1–26.1 months] for epithelioid/well-differentiated papillary/

multicystic versus 6.3 months [95 % CI 0.5–10.6 months] for sarcomatoid/biphasic

histology). Although neoadjuvant and adjuvant chemotherapy are often used in these

patients, there is little data to support the efficacy of this approach. A lack of understanding

of MPM carcinogenic and resistance mechanisms has hampered the development of

effective systemic therapies. The highly chemoresistant nature of MPM infers activity of

multiple tumor resistance and survival mechanisms.21,22 Molecular targeted therapies

against various aberrantly activated growth factor receptors and cellular pathways, involved

in tumor invasion and metastasis, are currently being tested in preclinical, phase I, and phase

II studies.23 Newer technologies such as next-generation sequencing techniques will help

identify genes/pathways that are critical to development of MPM, provide reliable

prognostic/predictive gene signatures, and facilitate application of effective targeted

therapies, based on patient-specific contexts and tumor vulnerabilities.24–26

Consistent with previously published data, the ability to achieve adequate macroscopic

resection of MPM to less than 2.5-mm residual deposits (CC-0/1) is an important

independent prognostic factor in our multivariate models of survival (median OS, 56.7

months [95 % CI 23–. months] for CC-0/1 versus 7.4 months [95 % CI 0.5–24.7 months] for

CC-2/3 resection) and disease progression (median PFS, 15.8 months [95 % CI 9.6–23.8

months] for CC-0/1 versus 5.4 months [95 % CI 0.5–. months] for CC-2/3

resection).18,19,27,28 In 1978, Dedrick and colleagues demonstrated limited depth of

penetration of intraperitoneal chemotherapy to <3 mm, providing a rationale for adequate

macroscopic tumor resection prior to HIPEC. The addition of hyperthermia increases the

depth of penetration of chemotherapy, has direct toxic effects on tumor cells, and has a

synergistic effect with specific cytotoxic drugs.29,30 Yan and colleagues published a CT-

based algorithm for preoperatively predicting successful complete cytoreduction. According
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to their analysis, large tumor volume in the epigastrium and along the small bowel and its

mesentery is especially difficult to cytoreduce adequately.31

We found that intraoperative SPCI at the time of CRS was a significant predictor of disease

progression and survival. Our data suggest that patients with SPCI >15 are unlikely to

benefit from aggressive CRS/HIPEC (median OS, 85.6 months [95 % CI 22.6–. months] for

SPCI ≤15 versus 12.2 months [95 % CI 0.5–46.2 months] for SPCI >15; median PFS, 18.1

months [95 % CI 9.6–35.6 months] for SPCI ≤15 versus 6.3 months [95 % CI 1–13.5

months] for SPCI >15). In 2010, Yan and colleagues proposed a TNM-based

clinicopathologic staging system for survival in MPM and used PCI as a surrogate for T-

stage stratification.32 Similarly, SPCI-based stratification of our patient population into T1

(SPCI 0–5), T2 (SPCI 6–10), T3 (SPCI 11–15), and T4 (SPCI 16–21) was used to validate

their proposed TNM staging system: stage 1 (T1N0M0), stage II (T2–3N0M0), and stage III

(T1–4N1M1). Our data demonstrate a significant trend toward stratification of survival by

stage that is consistent with the proposed TNM staging system, with 5-year probability of

survival for patients with stage I, II, and III disease being 100, 48 % (95 % CI 26.8–66.4 %)

and 19 % (95 % CI 4.1–42.8 %), respectively. With this TNM staging system, the 5-year

probability of PFS for our patients with stage I, II, and III disease was 50 % (95 % CI 0.6–

91.0 %), 21 % (95 % CI 6.8–41.4 %), and 10 % (95 % CI 1.8–27.7 %), respectively. The

accuracy of preoperative SPCI assessment will improve with emerging MR imaging

techniques, as demonstrated by Barone et al.,33 and will help formulate therapeutic plans

based on accurate preoperative stage stratification.

We demonstrate a significant independent effect of patient age on survival and disease

progression consistent with data from Feldman and colleagues at the NIH.28 Patients older

than 65 years of age had poor survival (median OS, 85.6 months [95 % CI 40.7–. months]

for age B65 years versus 17 months [95 % CI 3–22.2 months] for age >65 years) and early

disease progression (median PFS, 23.8 months [95 % CI, 9.6–. months] for age ≤65 years

versus 9.1 months [95 % CI 6.8–13.9 months] for age >65 years), without evidence for

increased treatment-related morbidity within this subgroup.

A total of nine patients (14 %) in our study had combined peritoneal and pleural disease.

Two patients who developed small, stable, asymptomatic pleural plaques without abdominal

disease recurrence on follow-up imaging 10 months and 3 years after CRS+HIPEC for

MPM; the first patient was lost to follow-up, while the other remains under surveillance.

One patient developed a persistent postoperative pleural effusion after CRS/HIPEC and

underwent pleurodesis for positive cytology, without recurrence. Two patients died within 1

year of CRS/HIPEC from rapid peritoneal and pleural disease progression. One patient had

previously undergone bilateral pleurectomy procedures and hyperthermic intrathoracic

chemoperfusion (HITEC) a year prior to developing MPM. This patient then underwent

CRS/HIPEC and remains disease-free. Another patient had also undergone CRS/HITEC 3

years previously and underwent palliative CRS/HIPEC for severe, debilitating ascites and

pain from MPM. She died of complications in the early postoperative period. One patient

underwent palliative resection of mediastinal mesothelioma for SVC syndrome 20 months

following CRS/HIPEC and died 26 months following that procedure without abdominal

disease recurrence. The last patient underwent CRS/HITEC 6 months following CRS/
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HIPEC, then recurred in the chest cavity after 13 months and died 15 months later despite

systemic chemotherapy. This small subgroup of patients with combined pleural and

peritoneal mesothelioma did not demonstrate survival difference from those with MPM

alone.

In conclusion, aggressive CRS/HIPEC is an effective therapeutic strategy in select patients

with MPM. Disease control rates and long-term survival for patients with aggressive

histologies, such as sarcomatoid and biphasic subtypes, are similar to historical controls

receiving systemic therapy and best supportive care and are unlikely to benefit from CRS/

HIPEC while being subjected to the inherent morbidity and potential mortality associated

with this procedure. Similarly, patients with high tumor burden and those with tumors that

cannot be adequately cytoreduced are poor candidates for CRS/HIPEC. Therefore, careful

patient selection is essential until more effective targeted chemotherapeutic agents are

available.
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FIG. 1.
a Kaplan–Meier overall survival curve for patients treated with cytoreductive surgery and

hyperthermic intraperitoneal chemoperfusion (n = 65). Median overall survival was 46.2

months, with 1-, 2-, and 5-year overall survival probability of 77, 57, and 39 %,

respectively. b Kaplan–Meier curve for time to progression for patients treated with

cytoreductive surgery and hyperthermic intraperitoneal chemoperfusion (n = 54). Median

progression-free survival was 13.9 months, with 1-, 2-, and 5-year disease failure probability

of 47, 68, and 83 %, respectively
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TABLE 1

Preoperative patient characteristics and presentation (n = 65)

Preoperative characteristics and presentation

Age (mean ± SD) 54.4 (± 16.1)

BMI (mean ± SD) (n = 39) 26.8 (± 6.7)

Asbestos exposure (n, %) (n = 47) 18 (38.3)

Preoperative albumin (mean ± SD) (n = 45) 3.4 (± 0.8)

Gender (n, %)

 Male 48 (73.8)

 Female 17 (26.2)

ASA (n, %) (n = 38)

 1 1 (2.6)

 2 11 (28.9)

 3 21 (55.3)

 4 5 (13.2)

Site of disease at presentation (n, %)

 Peritoneal cavity 56 (86.2)

 Peritoneal + pleural cavities 9 (13.8)

Prior therapy (n, %)

 Systemic chemotherapy (n = 62) 15 (24.2)

 Cytoreductive surgery (CRS) (n = 64) 14 (21.9)

 Chemoperfusion 5 (7.5)

Clinical parameters (n, %), abdominal pain 34 (52.3)

BMI body mass index, ASA American Society of Anesthesiology
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TABLE 2

Operative characteristics and pathology (n = 65)

Operative characteristics and pathology

Operative time (min) (mean ± SD) (n = 60) 438.4 (± 110.7)

Estimated blood loss (ml) (median, IQR)
 (n = 51)

600 (400–1,500)

Simplified peritoneal cancer index (SPCI)
 (median, IQR)

12 (8–16)

HIPEC (n, %) 65 (100)

HIPEC drug (n, %)

 Mitomycin C 61 (93.8)

 Cisplatin 4 (6.2)

Completeness of cytoreduction (n, %)

 CC-0 35 (53.8)

 CC-1 21 (32.3)

 CC-2 5 (7.7)

 CC-3 4 (6.2)

Surgical resection (n, %)

 Lysis of adhesions 31 (47.7)

 Omentectomy 60 (92.3)

 Splenectomy 31 (47.7)

 Diaphragmatic stripping or resection 27 (41.5)

 Hepatectomy or RFA 6 (9.2)

 Cholecystectomy 12 (18.5)

 Low anterior resection 6 (9.2)

 Total abdominal colectomy 1 (1.5)

 Small bowel resection 6 (9.2)

 Partial gastrectomy 2 (3.1)

 Ureterolysis 11 (16.9)

 Hysterectomy 1 (1.5)

 Ostomy 6 (9.2)

No. of anastamoses (n, %)

 None 46 (70.8)

 1 anastamosis 14 (21.5)

 2 anastamoses 4 (6.2)

 3 anastamoses 1 (1.5)

Histologic classification (n, %) (n = 63)

 Epithelioid 51 (81)

 Sarcomatous 3 (4.8)

 Biphasic/mixed 5 (7.9)

 Well-differentiated papillary 2 (3.2)

 Multicystic 2 (3.2)

Tumor grade (n, %) (n = 41)
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Operative characteristics and pathology

 Low grade 20 (48.8)

 High grade 21 (51.2)

Positive lymph node status (n, %) (n = 61) 5 (8.2)

HIPEC hyperthermic intraperitoneal chemoperfusion
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TABLE 3

Postoperative complications (n = 65)

Complications

Morbidity (n, %)

 None 18 (27.7)

 Minor morbidity (grade I/II) 20 (30.8)

 Major morbidity (grade III/IV) 23 (35.4)

60-day mortality (n, %) 4 (6.2)

Wound infection (n, %) 16 (24.6)

Sepsis (n, %) 10 (15.4)

Postoperative bleeding (n, %) 2 (3.1)

Cardiac (n, %) 15 (23.1)

Pulmonary (n, %) 25 (38.5)

Pancreatic leak (n, %) 3 (4.6)

Enterocutaneous fistula (n, %) 6 (9.2)

Reason for return to OR (n, %) (n = 12)

 Anastamotic leak 4 (33.3)

 Intra-abdominal abscess 1 (8.3)

 Other 7 (58.3)

Reason for return to ICU (n, %) (n = 11)

 Cardiac 2 (18.2)

 Postoperative bleed 1 (9.1)

 Hypoxia 8 (72.2)

Hospital length of stay (days) (median, IQR) 12 (9–18)

ICU length of stay (days) (median, IQR) (n = 64) 2 (1–5)

30-day hospital readmission (n, %) (n = 62) 8 (12.9)

Adjuvant chemotherapy (n, %) (n = 50) 7 (14)

ICU intensive care unit
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TABLE 4

Multivariate predictors of mortality and poor progression

Factor Hazard ratio Standard error 95 % CI for HR p value

Predictors of mortality (χ2 = 42.8; p = 0.00001)

 Age at surgery (baseline <60 years) 1.1 0.02 (1.02–1.1) 0.001

 SPCI (baseline <15) 2.6 1.2 (1.1–6.2) 0.04

 CC score (baseline = CC-0/1) 2.6 1.3 (1.0–6.9) 0.05

 Histology (baseline = epithelioid, well-differentiated papillary,
multicystic) 5.5 3.0 (1.9–16.1) 0.002

 Sepsis 2.1 0.9 (0.9–4.9) 0.08

Predictors of progression (chi square = 30.6; p = 0.00001)

 Age at surgery (baseline <60 years) 1.03 0.01 (1.0–1.05) 0.02

 SPCI (baseline <15) 3.4 1.3 (1.5–7.3) 0.002

 CC score (baseline = CC-0/1) 6.4 4.6 (1.5–26.3) 0.01

 Histology (baseline = epithelioid, well-differentiated papillary,
multicystic) 5.4 2.6 (2.1–14.0) 0.001

Ann Surg Oncol. Author manuscript; available in PMC 2015 April 01.


