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Abstract

Background—Surgical morbidity and mortality (M&M) for patients with disseminated
malignancy (DMa) is high, and some have questioned the role of surgery. Therefore, we sought to
characterize temporal trends in M&M among DMa patients, hypothesizing that surgical
intervention would remain prevalent.

Methods—We queried the American College of Surgeons National Surgical Quality
Improvement Program from 2006 to 2010. Excluding patients undergoing a primary hepatic
operation, we identified 21,755 patients with DMa. Parametric/non-parametric statistics and
logistic regression were used to evaluate temporal trends and predictors of M&M.

Results—The prevalence of surgical intervention for DMa declined slightly over the time period,
from 1.9% to 1.6% of all procedures (p<0.01). Among DMa patients, the most frequent operations
performed were bowel resection, other gastrointestinal procedures, and multivisceral resections,
these all showed small statistically significant decreases over time (p<0.01). The rate of
emergency operations also decreased (p<0.01). In contrast, the rate of preoperative independent
functional status rose, while the rate of preoperative weight loss and sepsis decreased (p<0.01).
Rates of 30-day morbidity (33.7 vs 26.6%), serious morbidity (19.8 vs 14.2%), and mortality (10.4
vs 9.3%) all decreased over the study period (p<0.05). Multivariate analysis identified standard
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predictors (e.g. impaired functional status, pre-operative weight loss pre-operative sepsis, and
hypoalbuminemia) of worse 30-day M&M.

Conclusion—30-day morbidity, serious morbidity, and mortality have decreased incrementally
for patients with DMa undergoing surgical intervention, but surgical intervention remains
prevalent. These data further highlight the importance of careful patient selection and goal-
directed therapy in patients with incurable malignancy.

Keywords

Disseminated Malignancy; Morbidity and Mortality; Perioperative Outcomes

Introduction

Methods

Patients with disseminated malignancy commonly present with complex surgical needs,
whether for symptom palliation or to treat an acute condition such as bowel obstruction
[1-3]. However, providing surgical intervention to patients with incurable cancer is not
without risk. Surgical intervention, even for purposes of symptomatic palliation and
improving the patient's quality of life, comes with substantial morbidity and mortality.
Multiple studies have shown rates of post-operative morbidity and mortality to be
approximately 28 — 44% and 9 — 11%, respectively [2, 4-6].

Although recent studies have highlighted the importance of estimating the risk of morbidity
and mortality and defining goals of care prior to surgical intervention in patients with
disseminated malignancy [4, 7], few studies have addressed whether this heightened
attention on this unique patient population has impacted the frequency and outcomes of
surgical operations among patients with disseminated malignancy. The purpose of this
study, therefore, was to evaluate temporal trends among patients with disseminated
malignancy undergoing surgical intervention with respect to frequency of operations
performed as well as nature of the operations performed. We also sought to evaluate the
predictors of morbidity and mortality among this patient population to determine other time-
dependent changes. We hypothesized that despite greater awareness of the role of non-
operative palliative care for patients with terminal disease [8, 9], surgical intervention would
remain prevalent over time and that morbidity and mortality would remain high for this
patient population.

We queried the American College of Surgeons (ACS) National Surgical Quality
Improvement Program (NSQIP) from 2006 to 2010 to identify all patients with disseminated
malignancy undergoing surgical intervention (N= 25,172 before exclusion). ACS NSQIP
defines disseminated malignancy as “patients who have cancer that: (1) Has spread to one
site or more sites in addition to the primary site AND (2) in whom the presence of multiple
metastases indicates the cancer is widespread, fulminant or near terminal” [American
College of Surgeons, 10]. For statistical analysis of patient characteristics, morbidity, and
mortality, we chose to exclude patients undergoing a primary hepatic operation (N = 3,417),
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as research has shown that this can be a potentially curative operation and our goal was to
identify patients with incurable cancer [11-14]. Our final cohort was 21,755 patients.

We abstracted data on 5 demographic, 10 preoperative, 3 intraoperative, and 22
postoperative variables. Using NSQIP definitions [15], preoperative functional status was
defined as impaired if the patient required some or total assistance from another person for
activities of daily living, such as bathing, feeding, dressing, toileting, or mobility.
Preoperative sepsis was defined as a positive culture from suspected infection with two or
more of the following: fever, tachycardia, tachypnea, leukocytosis, leukopenia, or anion gap
acidosis. Preoperative weight loss was defied as a greater than 10% decrease in body weight
6 months prior to surgery excluding patients who have intentional lost weight. An operation
was deemed as emergent if the operation was performed no later than 12 hours after onset
symptoms or admission AND the surgery was reported as emergent by the surgeon and
anesthesiologist.

Current procedural terminology (CPT) codes were used to classify procedures as orthopedic,
skin and soft tissue, thyroid/parathyroid, hepatic, gastric, biopsy/lymph node excision, bowel
resection, cholecystectomy/appendectomy/lysis of adhesions, vascular, other abdominal
procedures which included various gastrointestinal procedures, and other. Multivisceral
resections were identified based on the classification of the primary procedure CPT codes in
combination with additional procedure CPT codes.

Post-operative morbidity was defined as a diagnosis of one or more of the following events
within 30 days of the principal operation: superficial or deep wound infection, organ space
infection, wound dehiscence, pneumonia, reintubation due to onset of respiratory or cardiac
failure or requiring prolonged intubation which was defined as intubated for > 48 hours
post-operatively, pulmonary embolism, progressive renal insufficiency which was defined as
creatinine rise >2 mg/dl from preoperative value, acute renal failure which was defined as
renal dysfunction requiring dialysis post-operatively, urinary tract infection, stroke, coma for
> 24 hours, peripheral nerve injury, cardiac arrest, myocardial infarction, graft/prosthesis/
flap failure complications, deep vein thrombosis, reoperation, sepsis, and septic shock.
Septic shock was defined as meeting the criteria of sepsis, as noted above, with documented
organ and/or circulatory dysfunction. We defined post-operative serious morbidity as
pulmonary embolism, respiratory or cardiac failure requiring reintubation, prolonged
intubation, acute renal failure requiring dialysis, reoperation, stroke, coma, cardiac arrest or
systemic shock within 30 days after the principal operation [4].

Pearson chi-squared analysis was performed to evaluate differences over time with respect
to the number of operations performed, type of operations performed, patient functional
status, DNR status, weight loss prior to surgery, and pre-operative sepsis. One way ANOVA
was used to evaluate differences over time with regards to age, BMI, pre-operative
creatinine, albumin, hematocrit, and white blood cell count. Multiple comparisons were
performed using the Tukey procedure.

Logistic regression analysis was performed to identify independent predictors of 30-day
morbidity and mortality. Gender, age, BMI, functional status, DNR status, pre-operative
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weight loss, sepsis, creatinine, albumin, white blood cell count, hematocrit, emergency
operations and multivisceral resections were selected as potential predictors for analysis
based on prior research [4]. Missing data were most common for BMI (2.3%), pre-operative
creatinine (5.1%), albumin (21.2%), white blood cell count (3.8%), and hematocrit (3.8%).
All other variables had less than 1% missing data consistent with prior research
demonstrating the reliability and completeness of NSQIP data [15]. As missing data could
not be assumed to be missing at random [16], multiple imputation, using SPSS software
(IBM SPSS Statistics Version 22), was used to provide values to the missing predictor
variables. Significance was set at P<0.05. Since all patient information was de-identified,
this study was exempt from University of California Davis Institutional Review Board
approval.

Baseline Characteristics

From 2006 to 2010, we identified 1,300,956 patients in the NSQIP database who underwent
surgical procedures. For the entire study period, 1.9% (n = 25,172) were identified with a
diagnosis of disseminated malignancy. After excluding 3,417 patients who underwent a
primary hepatic operation (13.6% of total disseminated malignancy patients), we identified
21,755 (1.7%) patients who met entry criteria.

The demographic data for these patients are depicted in Table 1. The median age was 63
years (range 16 to 90+ years), 51% (n = 11,078) were female, mean BMI was 27 (z 6.6),
and the majority was Caucasian (n = 16,888, 77.6%). 3,644 (16.7%) had impaired functional
status, 3,693 (17%) presented with preoperative sepsis, 3,070 (14.1%) had greater than 10%
weight loss in the past 6 months, 4,299 (19.8%) underwent chemotherapy in the last 30 days
prior to surgery, 1,660 (7.6%) underwent radiation therapy 90 days prior to surgery, and 644
(3.0%) had a DNR order.

Case Mix and Outcomes

As depicted in Table 2, the operations most frequently performed included bowel resections
(28.5%), other gastrointestinal procedures (25.5%), and multivisceral resections (9.5%). The
median length of hospital stay was 7 days (range 0 — 369). Overall morbidity was 29.4% (n
= 6,405), serious morbidity was 16.5% (n = 3,595) and mortality was 10.4% (n = 2,266).

For emergency operations, overall morbidity (47.6%) and mortality (28.0%) were
significantly greater compared to non-emergent operations (26%, and 7.1%, respectively, p
< 0.01). As shown in Table 2, emergent operations occurred most frequently for vascular
operations (33.0%), celiotomies and lysis of adhesions (27.8%), cholecystectomies and
appendectomies (21.4%) and bowel resections (21.2%). Overall morbidity was also
significantly greater for patients undergoing a multivisceral resection, 44.1% vs. 27.9% (p <
0.01) than for patients undergoing other types of procedures.
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Temporal Trends in Procedures for Disseminated Malignancy

Overall, despite an absolute increase in the number of operations reported in NISQP from
2006 to 2010 (118,560 cases in 2006 to 363,431 in 2010) with hepatic cases excluded, there
was a small, but statistically significant, decrease in percentage of cases performed on
patients with disseminated malignancy. In 2006, 1.9% (n = 2190) of all NSQIP operations
performed involved patients with disseminated malignancy patients. In subsequent years, the
frequency was 1.7% in 2007 (n = 3,642), 1.7% in 2008 (n = 4,465), 1.7% in 2009 (n =
5,549), and 1.6% (n =5,909) in 2010 (p < 0.01).

We also observed a shift in case mix over time. As shown in Figure 2, the proportion of
bowel resections declined from 31.0% in 2006, 32.7% in 2007, 29.9% in 2008, 26.7% in
20009, to 25.8%% in 2010 (p < 0.01). A similar trend was also noted for celiotomies/lysis of
adhesions, from 8.4% in 2006, 8.2% in 2007, 6.4% in 2008, 7.1% in 2009, to 5.8% in 2010
(p < 0.01), and for appendectomies and cholecystectomies which declined from 6.6% in
2006, 4.0% in 2007, 4.1% in 2008, 2.8% in 2009, to 2.9% in 2010 (p < 0.01). There was also
a small, but statistically significant, decline in multivisceral resections, from 11.1% in 20086,
9.8% in 2007, 9.8% in 2008, 8.5% in 2009, to 9.5% in 2010 (p < 0.01). Importantly, the rate
of emergency cases among patients with disseminated cancer also declined significantly
from 17.4% in 2006 to 15.0% in 2009 and 2010, respectively (p<0.01).

Temporal Trends in Patient Characteristics

Overall, although there was no significant difference in BMI, DNR status, creatinine, or
hematocrit in our patient cohort over time (p >0.05), we did observe changes in other
important patient characteristics. For example, in 2006, the mean age of patients with
disseminated malignancy undergoing surgery was slightly younger than the mean age of
patients in 2009 (61 + 13 vs. 62 + 13 years), p < 0.01. In addition, the mean serum albumin
rose from 3.46 g/dL + 0.82 in 2006 to 3.55 g/dL + 0.79 in 2010 (p<0.01). In contrast, the
mean WBC count on presentation decreased slightly from 8.7 + 5.3 x 103/uL in 2006 to 8.2
+4.7 x 103/uL in 2010 (p < 0.01).

As shown in Figure 3, we also observed a significant increase in pre-operative independent
functional status in our patient cohort. In 2006, 82.3% were classified as independent
compared to 86.1% in 2010 (p < 0.01). Furthermore, there was also a statistically significant
decline in the percentage of patients with weight loss greater than 10% of body weight in the
6 months prior to surgery. In 2006, this level of weight loss was present among 14.4% of
patients, while in 2010, it dropped to 12.8% of patients (p < 0.01). A similar decline was
observed in the incidence of pre-operative sepsis, dropping from 20.6% in 2006 to 15.7% in
2010 (p < 0.01).

Morbidity and Mortality

As shown in Figure 4, morbidity significantly decreased over time, dropping from 33.7% in
2006 to 26.6% in 2010 (p < 0.01). When analyzing serious morbidity (i.e. respiratory or
cardiac failure requiring reintubation, prolonged intubation, acute renal failure requiring
dialysis, reoperation, pulmonary embolism, stroke, coma, cardiac arrest or systemic shock),
there was also a significant decline over time, declining from 19.8% in 2006, 18.0% in 2007,
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16.0% in 2008, 17.2% to 14.2% in 2010 (p < 0.01). Similarly, mortality showed a
statistically significant, although modest decline, from 10.4% in 2006 to 9.3% in 2010 (p <
0.05).

On multivariate logistic regression analysis, male gender, greater BMI, impaired functional
status, pre-operative weight loss of >10% of body weight, pre-operative sepsis, emergency
operations, multivisceral resections, lack of DNR status, greater WBC count and creatinine,
decreased hematocrit, and decreased albumin predicted worse 30-day morbidity, p < 0.05.
Predictors or 30-day mortality were similar, including male sex, greater BMI, impaired
functional status, >10% of body weight pre-operative weight loss, preoperative sepsis,
emergency operations, greater WBC count and creatinine and decreased hematocrit and
albumin, p < 0.05. However, multivisceral resection was not a significant predictor of
mortality (p > 0.05). In addition, the presence of DNR status, not absence, and increasing
age predicted a higher risk of postoperative mortality (p < 0.05).

Discussion

As predicted, there were a substantial number of operations performed on patients with
disseminated malignancy, although we did observe a slight percentage decline over the
selected time period. This suggests that despite greater attention to the potential risks of
surgical intervention in this high risk population, surgical procedures remain prevalent
among patients with stage IV cancer patients. These findings are consistent with prior
research.[4, 6, 17] For example, the incidence of malignant bowel obstruction has been
estimated to be 5 — 51% in ovarian malignancies and 10 — 28% in gastrointestinal cancers,
and rates of operations performed on stage IV cancer patients with bowel obstructions have
consistently ranged from 57 — 67% [1, 3, 7, 18].

It is, however, unclear the exact motivation of such surgical intervention, whether the
operations were performed with hopes of cure, extending life, or palliating symptoms. Prior
to and during this time period, studies have supported the concept that the performance of
palliative operations may provide effective symptom relief in patients with advanced
malignancies [2, 5, 19]. These and other studies may have supported the decision of
surgeons, patients and families to undergo surgical intervention [20]. Furthermore, surgeons
as well as other clinicians have been observed to be overly optimistic when estimating life
expectancy among patients with advanced malignancy, including in cases where surgical
intervention is contemplated [5, 21]. This suggests that both surgeon optimism regarding
patient life expectancy and hopes of providing symptom relief may help explain, in part, the
persistent prevalence of surgical interventions among stage IV cancer patients.

As predicted, overall morbidity and mortality remained substantial in this cohort at 29.4%
and 10.4% respectively. This is consistent with prior research from Miner et al (2004) and
Tseng et al (2011), among others, which demonstrated overall 30-day morbidity rates of 28
—29% and mortality of 9 — 11%, respectively. However, interestingly, we observed a trend
over the time period of this study (which was statistically significant) for declining rates of
serious and overall morbidity. In addition, during this time period, there was also a
significant increase in patients with independent functional status and a significant decrease
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in the percentage of emergency operations and patients with pre-operative sepsis and pre-
operative weight loss. These factors may help explain the decreasing trends in morbidity
over time, as these were also found to be significant predictors of morbidity. These data
suggest that despite the persistent use of surgical intervention in patients with disseminated
malignancy, there does appear to be evidence for improved selection for patients undergoing
operation over time, and this may help explain the decreased morbidity over time.

These data further emphasize the importance of patient selection in the decision-making
process when considering surgical intervention for patients with incurable cancer. This
decision-making process should include an assessment of the risks of the procedure based on
patient and procedural characteristics as well as probability of symptom resolution, the
effect of overall quality of life, pain control, cost-effectiveness, and individual patient goals
[3, 22]. Important patient characteristics to consider include patient functional status, as we
and others have observed this factor to be a significant predictor of the risks of morbidity
and mortality [4, 18].

However, even with improved patient selection, we observed that 30-day mortality remained
elevated and largely static over the 5-year period, except for a small, but statistically
significant decline from 10.4% in 2006 to 9.3% in 2010. Therefore, surgeons need to remain
cautious with their optimism regarding patient survival with surgical intervention, as there is
a persistently high mortality risk among patients with stage IV cancer. Furthermore, these
results represent outcomes at 30 days, and it is possible, and likely probable, that greater
numbers of patients are experiencing additional surgical morbidity and mortality past the 30-
day NSQIP reporting period.

Consistent with prior research, there was an increased risk of mortality with the presence of
a do not resuscitate order [23, 24]. As Scarborough et al. reasoned, this may be due to DNR
patients being less likely than non-DNR patients to receive aggressive therapy for major
postoperative complications, so-called failure to pursue rescue [24, 25]. However,
interestingly and of critical importance for the design of possible prospective intervention
studies, very few disseminated malignancy patients in this cohort (3.0%) who underwent an
operation during this time period had a DNR order. This may be due to multiple factors
including the tendency for surgeons to have a higher threshold for surgical interventions on
patients with a DNR order, leading to an under-representation of patients with a DNR order
undergoing operation

Another important implication of this study (as has been shown previously by others) is that
patients, families, and care providers (including surgeons) may delay discussions of goals of
care and management priorities for end-of-life when caring for disseminated malignancy
patients who present with acute surgical conditions [23, 26]. For example, Mack et al.
observed that for patients who had died during their reporting period, the first end of life
discussion occurred for patients at a median of 33 days before their death [26]. Delaying this
end of life discussion has significant consequences for patients, as it is associated with
delayed referrals to palliative care and hospice. Early palliative care referrals have been
associated better quality of life among patients with advanced cancer [8, 9]. This highlights
the importance of early end-of-life care discussions between patients and physicians,
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including surgeons, to facilitate improved quality of life and to ensure that patient goals of
care are aligned with their providers' expectations and unwanted and/or maximally invasive
procedures are avoided.

It is important to acknowledge limitations of our study. Most notably, we were unable to
determine the patients' primary cancer diagnosis, the goals of the operation by the surgeon,
whether the goal was to extend survival or palliate symptoms, and whether the operation
was successful in palliating symptoms and mortality risk. Knowledge of the patients'
primary cancer diagnoses is important, as not all stage 4 cancers are equal in prognosis, and
some patients may achieve long-term survival with multimodality therapy [27, 28].
Furthermore, it remains to be shown whether surgical intervention is better or worse at
enabling patients with disseminated malignancy to resume intensive multimodality therapy
for their underlying cancer diagnosis. Another unresolved question is the effect of medical
versus surgical management of these “surgical” conditions on the important outcomes of
overall survival, quality of life, and effective palliation of symptoms. Further research with
matched surgical and non-surgical comparator groups evaluating these important outcomes
is needed.

In summary, our analysis of the temporal trends among patients with disseminated
malignancy undergoing surgical intervention demonstrate continued utilization of surgical
intervention over time, despite greater attention to the role of palliative care. In addition, we
identified a significant decline in morbidity, potentially due to improved patient selection,
but with a largely unchanged high mortality. These data highlight the importance of careful
patient selection and an evaluation of the goals of therapy and end of life goals among this
high risk patient population.
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Figure 1. Percentage of NSQIP operations performed on patients with disseminated malignancy,
excluding hepatic cases, from 2006 to 2010

Bar graph showing percentage of patients with disseminated malignancy undergoing
surgical intervention (excluding hepatic cases) among all NSQIP operations performed on
an annual basis. Pearson chi-squared analysis showed a statistically significant decline in
procedures over the study period.
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Figure 2. Rates of bowel resection, celiotomy/lysis of adhesions and cholecystectomy/
appendectomy among patients with disseminated malignancy from 2006 to 2010

Bar graph showing percentage of patients undergoing bowel resections, celiotomy/lysis of
adhesions, and appendectomy/cholecystectomy performed on an annual basis. Pearson chi
squared analysis showed statistically significant decline over the study period.
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Figure 3.
a. Independent function status among patients with disseminated malignancy who

underwent a surgical operation from 2006 to 2010.

Line graph demonstrating percentage of patients with independent functional status
undergoing operation. Pearson chi squared analysis showed a statistically significant
increase over the study period. * p<0.01.

b. Preoperative weight loss of greater than 10% of patients' body weight in the 6 months
prior to surgery among patients with disseminated malignancy who underwent a surgical
operation from 2006 to 2010.

Line graph demonstrating percentage of patients with weight loss of greater than 10% of
their body weight in the 6 months prior to the principal operation. Pearson chi squared
analysis showed a statistically significant decrease over the study period. * p<0.01.

c. Preoperative diagnosis of sepsis among patients with disseminated malignancy who
underwent a surgical operation from 2006 to 2010.

Line graph demonstrating percentage of patients with a diagnosis of pre-operative sepsis.
Pearson chi squared analysis showed a statistically significant decrease over the study
period. * p<0.01.
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Figure 4. Morbidity and mortality trends among patients with disseminated malignancy

undergoing surgical intervention from 2006 to 2010

Bar graph showing percentage of patients experiencing post-surgical morbidity, serious
morbidity and mortality. Pearson chi squared analysis demonstrated a statistically significant

decline in all three of these outcomes over the study period, p < 0.05.
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Table 1
Baseline Pre-Operative Characteristics (N=21,755)

Demographics Mean (xSD) or N (%)
Age 62 (+14)
Female 11078 (50.9%)
Ethnicity
Native American 130 (0.6%)
Asian 570 (2.6%)
Black 2110 (9.7%)
Caucasian 16888 (77.6%)
Unknown 1793 (8.3%)
Hispanic Ethnicity 763 (3.5%)
BMI 27.1 (+ 6.6)
DNR 644 (3.0%)
Impaired Functional Status 3644 (16.7%)
Pre-operative Sepsis 3693 (17.0%)

>10% Loss of body weight 3070 (14.1%)

Recent Therapy
Chemotherapy <30 days 4299 (19.8%)
Radiotherapy last 90 days 1660 (7.6%)

Laboratory Values

Pre-op Creatinine 1.01(x 0.77)
Pre-op Albumin 3.39(x0.82)
Pre-op Bilirubin 0.83 (x 1.31)
Pre-op WBC 85(x5.1)
Pre-op Hematocrit 35.2 (+5.8)
Pre-op Platelets 269 (+127)
Pre-op INR 1.15(+ 0.34)
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