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Abstract
Background

Malignant bowel obstruction (MBO) affects 3—15% of all cancer patients. In patients with advanced
cancer and inoperable MBO, the average survival varies between four to nine weeks. Parenteral nutrition
(PN) may improve survival in specific patient populations with malignant bowel obstruction.

Aims

This retrospective, single-center cohort study aimed to review individual patient outcomes on PN in the
setting of advanced cancer with a diagnosis of MBO and identify clinical and laboratory markers
predictive of short- and long-term survival to further highlight patients that would benefit from PN in the
setting of an inoperable MBO.

Results

In a retrospective analysis of 68 patients receiving PN for inoperable MBO, the median survival was 142
(IQR: 63.3-239.5) days. Patients experienced a median number of two hospital readmissions (range: 0—
10) and spent a median of 29 days (range: 0-105) in the hospital after starting PN. Eighteen (26.5%)
patients developed a catheter-related bloodstream infection (CRBSI). A diagnosis of appendiceal cancer
was identified as a predictive marker of improved survival (HR: 0.53,95% CI: 0.29-0.92, p =0.023).

Conclusions

The use of PN in the context of end-of-life cancer care is a practice that necessitates improvement.
Recognizing the outcomes and patient experiences of PN utilization is essential to physicians and
patients.

Introduction

Malignant bowel obstructions (MBO), defined as bowel obstructions that inhibit physiological transit and
digestion, are a common complication in patients with advanced stages of cancer (1). When
unaddressed, MBO are often recurrent and can result in severe malnutrition with an impaired quality of
life. In patients with advanced cancer and inoperable MBO, the average survival is approximately four to
nine weeks (2). It is currently estimated that MBO affect 3—15% of all cancer patients; however, rates of
MBO are higher in specific subsets of cancer, namely gastrointestinal and gynecologic cancers (2). For
example, 10—28% of patients with metastatic colorectal cancer and up to 80% of patients with
gynecologic cancer subtypes suffer from MBO in their disease course (2, 3).
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As a clinical intervention, patients often receive intravenous parenteral nutrition (PN) in order to manage
the progressive malnutrition from MBO (5). Intravenous nutrition includes the provision of macronutrients
(carbohydrates, protein, and fat), micronutrients, electrolytes, and water necessary for survival. Thus,
administering PN and bypassing the gastrointestinal tract may prolong survival and provide nutritional
support to patients allowing for a continuation of cancer treatment, such as surgery or chemotherapy
(6,7). However, the benefits of PN for oncologic patients with advanced MBO are not fully understood.
Past studies have demonstrated that only about 30% of patients with a MBO surviving greater than three
months benefit from PN with respect to improvements in quality of life (1). Furthermore, few studies have
reported the overall survival of patients with advanced cancer and MBO based on different cancer
subtypes or have identified predictive factors associated with increased survival (8, 9). The evidence for
whether home PN (HPN) improves survival or quality of life in individuals with MBO is very uncertain due
to the limited available evidence for both outcomes (10). Therefore, the effectiveness of the utilization of
PN in patients with advanced cancer and MBO is therefore debatable and requires additional data
supporting its use.

To expand on the current medical literature, our aim was to retrospectively review individual patient
outcomes on PN in the setting of an advanced cancer with a diagnosis of a MBO at our institution. In
addition, our goal was to identify individual predictors of patient survival at baseline and early in the
course of PN therapy in order to identify patients that will most likely benefit from PN use with respect to
overall survival.

Methods
Participants and study settings

A retrospective review was performed including all patients 18 years of age or older with a diagnosis of
advanced cancer and an admission for a MBO at our institution between 1/1/2013 and 4/1/2021. Cases
of MBO were identified using ICD-9 and ICD-10 codes as detailed in Supplementary Table 1 and
separately reviewed based on clinical, radiographic, and histologic information.

Supplementary Table 1

Diagnosis codes utilized for capture of patients from electronic data warehouse.

Bowel obstruction 560.8, 560.81, 560.89, 560.9
K56.50, K56.51, K56.52, K56.690, K56.691, K56.699, K56.600, K56.601, K56.609

AND (any of these):
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Intra-abdominal metastatic disease

Malignant neoplasm of the stomach

Malignant neoplasm of the small intestine

Malignant neoplasm of the colon

Malignant neoplasm of the rectosigmoid
junction

Malignant neoplasm of the rectum

Maliginant neoplasm of the anus and anal
cana

Malignant neoplasm of the pancreas
Malignant neoplasm of the bile ducts

Malignant neoplasm of the retroperitoneum
and peritoneum

Mesothelioma of the peritoneum

Malignant neoplasm of the appendix

197.4,197.5,197.6,197.7,197.8,198.0, 198.1,
197.6,197.7,199.0

C78.4,C78.5,C78.6,C78.7,C78.89, C79.00, C79.11,
C79.19,C80

151.3,151.4,151.9,151.8,151.5,151.6, 151.0,
151.1,151.2

C16.1,C16.2,C16.8,C16.9, C16.5, C16.6, C16,
C16.4,C16.0

152.9,152.8,159.0
C17.9,C17.8,C26.0

153.6,153.1,153.2,153.3, 153.8, 153.9, 143.0,
153.7,153.4

C18.2,C18.4,C18.6,C18.7,C18.8, C18.9, C18,
C18.3,C18.5,C18.0

154.0,

C19
154.1,154.8
C20,C21.8
154.3,154

C21.0,
157,157.0,157.1,157.2,157.9,157.3,157.8
C25.0,25.1,C25.2,C25.9, C25.3, C25.8, C25.7
155.1,156.1, 155, 156,

C22.1,C24.0,C24.8

158, 158.9,158.8, 159, 159.9

C48.2,C48.1,C48.8,C26.9
158.8
C45.1
153.3
C18.1
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Intra-abdominal metastatic disease 197.4,197.5,197.6,197.7,197.8, 198.0, 198.1,
197.6,197.7,199.0

Malignant neoplasm of the bladder 188.9,188.1,188.5,188.0, 188.3, 188.2, 188.4,
188.8,198.1

C67.9,C67.1,C67.5,C67.0,C67.2, C67.3, C67 .4,
C67.8,C66,C79.19

Patients were excluded for age< 18 (n = 1), admissions for alternative diagnoses that were not for MBO
(i.e., enterocutaneous fistula, short bowel syndrome, radiation enteritis; n = 47), admissions requiring only
perioperative PN (n = 122), a discharge without PN (n = 75), and other (i.e., receiving care at another
institution resulting in untraceable clinical data; n = 12) (Fig. 1).

Only patients discharged on PN for MBO were included in the analysis. This study was approved by the
Institutional Review Board (IRB18-1505).

Clinical characteristics

Baseline and outcome measures were collected from the electronic medical record system (EMR).
Variables collected based on chart review included cancer characteristics (date of cancer diagnosis, site
of the primary tumor, metastasis, peritoneal carcinomatosis), PN characteristics (date of initiation, type of
catheter, duration of treatment, PN-associated complications), peritoneal cancer index (PCl), Eastern
Cooperative Oncology Group (ECOG) performance status, prior admissions, readmissions, hospice
enrollment, and history of chemotherapy, radiation therapy, and surgical procedures performed prior to
and during the course of hospitalization. The following laboratory values were also recorded and
followed from the date of PN initiation: weight, BMI, percent weight loss, C-reactive protein (CRP),
lymphocyte count, hemoglobin, white blood cell count, alanine transaminase, renal function, serum
albumin, and serum pre-albumin. Complications of a MBO and PN utilization included abdominal pain,
catheter-related bloodstream infections (CRBSI), electrolyte disturbances following the initiation of PN,
sepsis, and upper and lower extremity deep vein thromboses (DVTs). Complications were included from
primary and secondary diagnoses within the reason for admission and discharge summaries of
individual hospitalizations.

Clinical outcomes

The primary outcome of interest was patient survival on PN calculated between the date of PN initiation
to the date of death. Identifiable clinical risk factors were assessed as predictors of overall survival.
Secondary outcomes of interest included identification of PN-related complications and number of
hospital readmissions following PN initiation.

Statistical analysis

The primary outcome of interest was overall survival, and the secondary outcome was the identification
of predictors of overall survival. Demographic data and complications data are presented as mean + SD
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or median (IQR). Kaplan-Meier curves were generated for time-to-event data, that is from the date of PN
initiation until the date of death. A Cox regression model was performed to examine the effects of
predictor variables, namely demographic features, disease type and baseline laboratory values, on the
time to death. Associations are described as hazard ratios (HR) with 95% confidence intervals (Cl).
Univariate logistic regression was used to examined predictors of 30-day hospital readmission. A two-
sided P-value < 0.05 was considered statistically significant. Statistical analysis was conducted using
JMP ® 13.1.0 (SAS Institute, Inc., Cary, NC).

Results
Demographic characteristics

Three hundred twenty-five patients were initially identified through an electronic search of medical
records, among which 68 with advanced cancer and a MBO were discharged on home PN between
1/2013 and 4/2021 and met the inclusion criteria (Fig. 1). The median patient age was 57.5 years (IQR:
50.3-66) and 38 (55.9%) were female. Appendiceal cancer was the most common malignancy (n = 24,
35.3%) followed by colorectal cancer (n =15, 22.1%), gastric/gastroesophageal (n =8, 11.8%) and
gynecologic cancer (n =7, 10.3%). Baseline demographic information, cancer characteristics, and
laboratory values are listed in Table 1.
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Table 1

Overview of patient demographics for the study cohort. The table includes
information on age, gender distribution, oncologic history, Eastern Cooperative
Oncology Group (ECOG) scores, relevant laboratory values, treatment features, and

survival.
Demographics n=68
Age, years, median (IQR) 57.5(50.3-66)
Male sex, n (%) 30 (44.7)
White race, n (%) 42 (63.6)
Weight at PN initiation, kg, median (IQR) 66 (55.8-76.3)

Six-month weight loss before PN initiation, %, median (IQR) 8.4 (4.1-17.6)

Body mass index, median (IQR) 22.6 (20-26.2)
Cancer features

Colorectal, n (%) 15(22.1)
Gastric/gastroesophageal, n (%) 8(11.8)
Gynecologic, n (%) 7 (10.3)

Fallopian tube: 2

Ovarian: 3

Uterine: 1

Vaginal adenocarcinoma: 1

Appendiceal, n (%) 24 (35.3)
Ex-goblet cell adenocarcinoma: 13

Low-grade mucinous adenocarcinoma: 3

High grade mucinous carcinoma: 1

Metastatic appendiceal adenocarcinoma: 2

Metastatic mucinous adenocarcinoma: 5
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Demographics

Other, n (%)
Cholangiocarcinoma: 3
Carcinoid: 1

Laryngeal: 1

Pancreatic: 1

Peritoneal mesothelioma: 1
Small bowel adenocarcinoma: 2
Urothelial: 2

Unknown primary: 3

ECOG, n (%)

0

29 (44.6)

16 (24.6)

14 (21.5)

4

Laboratory values at PN initiation

Hemoglobin, g/dL, median (IQR)

WBC, cells/103uL, median (IQR)
Albumin, g/dL, median (IQR)

CRP, mg/dL, median (IQR)
Nutrition Risk Index, median (IQR)

Treatment features

History of exposure to chemotherapy, n (%)

Prior history of radiation therapy, n (%)

Prior surgical resection, n (%)

History of HIPEC, n (%)

Chemotherapy administered after MBO, n (%)

Survival

6(9.2)

1(1.5)

9.8 (8.8-11.7)
7.8 (5.2-10.8)

3.1(2.8-3.5)
32 (9-76)
80.8 (73.3-85.4)

68 (100)
3 (4.4)
45 (66.2)
17 (25)
43 (66.2)




Demographics n=68
Survival from PN start, months, median (IQR) 4.7 (2.1-8)
30-day survival, n (%) 58 (86.6)
90-day survival, n (%) 38 (57.6)
180-day survival, n (%) 23 (35.9)

Baseline clinical status

Forty-five (66.2%) patients had good to moderately impaired overall performance status (ECOG 1-2), and
14 (21.5%) were assessed as ECOG 3 (capable of only limited self-care, confined to bed or chair more
than 50% of waking hours). One patient (1.5%) was characterized as ECOG 4 (completely disabled;
cannot carry on any self-care; totally confined to bed or chair). Twenty-nine (46%) patients had a weight
loss of greater than 10% in the six months before starting PN and 18 (25.7%) patients had a BMI of < 20.

Survival analysis

The median overall survival time was 4.7 months (IQR: 2.1-8) from the time of PN initiation. Fifty-eight
(86.6%) patients survived greater than 1 month, 38 (57.6%) survived greater than 3 months and 23
(35.9%) survived greater than six months. Patients with appendiceal cancer had statistically significant
greater overall survival compared to patients with non-appendiceal cancer patients, demonstrating a
reduced hazard ratio of 0.53 (95% CI: 0.29-0.92, p =.02) for death (Fig. 2).

No other baseline clinical predictors were significant to predict overall survival (Table 2).
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Table 2

Cox regression time to event analysis to identify univariate predictors of
overall survival. Patients with appendiceal cancer had statistically significant
greater overall survival compared to patients with non-appendiceal cancers,
demonstrating a reduced hazard ratio of 0.53 (95% CI: 0.29-0.92, p =.02) for
death. No other baseline clinical predictors were significant to predict overall

survival.
Demographics HR P-value
Age 1.01 (0.99-1.04) 0.390
Male sex 1.12(0.67-1.87) 0.654
White race 0.9 (0.52-1.59) 0.7
Weight at PN initiation 1(0.98-1.01) 0.686
Six-month weight loss before PN initiation  0.99 (0.96-1.02) 0.688
Body mass index 0.99 (0.95-1.04) 0.696
Cancer features
Non-appendiceal cancer Ref
Appendiceal 0.53 (0.29-0.92) 0.023
ECOG 0-2 0.7 (0.39-1.32) 0.257
ECOG 3+ Ref
Laboratory values
Hemoglobin 0.92 (0.8-1.05) 0.217
WBC 0.97(0.91-1.04) 0.386
Albumin 1.08 (0.69-1.68) 0.725
CRP 1(0.99-1) 0.282
Nutrition Risk Index 1.02 (0.99-1.05) 0.215
Treatment features
Chemotherapy administered after MBO 0.69 (0.41-1.19) 0.178

When survival was analyzed as a categorical variable for predictors of 3 and 6-month survival, no
additional predictors were significant (data not shown).

Hospital readmission

The initial length of stay in the hospital for the MBO and initiation of PN was 15 days (IQR: 9-19). The
median number of hospital readmissions and number of days spent in the hospital after starting PN were
2 readmissions (IQR: 1-3) and 29.5 days (IQR: 19.3-44), respectively (Table 3).
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Table 3

Complications and hospital readmissions associated with PN use in
advanced cancer patients. The median nhumber of hospital readmissions
and number of days spent in the hospital after starting PN were 2
readmissions (IQR: 1-3) and 29.5 days (IQR: 19.3-44), respectively. Fifty-
one (75%) patients were subsequently admitted to the hospital for
abdominal pain and 25 (36.8%) patients had hospitalizations for
sepsis/bacteremia. Specific to PN utilization, 18 (26.5%) had a catheter
related bloodstream infection (CRSBI). Five (7.3%) patients developed an
upper extremity and 7 (10.3%) developed lower extremity deep vein
thromboses (DVT). Twenty-three (33.8%§)patients developed ascites and
twenty-two (32.4%) patients developed pleural effusion.

Readmissions n

Median number of readmissions 2 (Range: 0-10)
Median days spent in the hospital after initiation 29 (Range: 0-105)
Complications n=68
Abdominal Pain 51 (75.0%)
Total Infections 29 (42.6%)
Catheter Related Bloodstream Infection (CRBSI) 18 (26.0%)
Intraabdominal Perforation 4 (5.9%)
Biliary Drain Infection 1(1.5%)
Gastrostomy Tube Infection 1(1.5%)
Urinary Tract Infection 1(1.5%)
Pulmonary Origin Infection 1(1.5%)
No Clear Origin Infection 5(7.4%)
Sepsis 25 (36.8%)
Line Related sepsis 12 (17.6%)
Non-line related sepsis 13 (19.1%)
Deep Vein Thrombosis (DVT) 12 (17.6%)
Upper Extremity 5(7.3%)
Lower Extremity 7 (10.3%)
Ascites 23 (33.8%)
Pleural Effusion 22 (32.4%)

As a percent of survival time from the initiation of PN, patients spent 20.8% of their remaining time alive
in the hospital.
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Predictors of hospital readmission

The overall 30-day readmission rate was 52.2% (35/67). Older patients were less likely to be readmitted to
the hospital (p = 0.037). There was no significant difference in readmission rates within 30 days of
starting PN between gender, race, BMI, weight, weight loss > 10%, initial albumin value, cancer type, or
receipt of additional chemotherapy (p = NS), as shown in Table 4.

Table 4

Univariate analysis of predictors of 30-day readmission. The overall 30-day readmission rate was 52.2%
(35/67). Older patients were less likely to be readmitted to the hospital (p = 0.037). There was no
significant difference in hospital readmission rates related to gender, race, weight or weight loss > 10%,
initial albumin value, malignancy type, or receipt of additional chemotherapy (p = NS).

30-day readmission (n=  No readmission (n = P-

35) 32) value
Age, years, mean (SD) 55.5(11) 60.9 (9.8) 0.037
Male sex, n (%) 15 (42.9) 13 (40.6) 1
White race, n (%) 19 (55.9) 22 (68.8) 0.219
BMI, mean (SD) 23.6 (4.7) 23.8 (6.3) 0.841
Weight, Ibs, mean (SD) 147.1 (38.8) 147.2 (39.5) 0.865
Weight loss > 10%, n (%) 15 (46.9) 13 (44.8) 1
Appendiceal cancer, n (%) 11 (31.4) 13 (40.6) 0.457
Albumin, g/dL, mean (SD) 3.1(0.5) 3.1(0.6) 0.792
(Rc);e;:eived additional chemo after PN,n 20 (60.6) 21 (67.7) 0.609

Complications experienced while on parenteral nutrition

Multiple complications were experienced by patients on PN, shown in Table 3. Fifty-one (75%) patients
were subsequently admitted to the hospital for abdominal pain and 25 (36.8%) patients had
hospitalizations for sepsis/bacteremia. Specific to PN utilization, 18 (26.5%) had a catheter related
bloodstream infection (CRSBI). Five (7.3%) patients developed an upper extremity and 7 (10.3%)
developed lower extremity deep vein thromboses (DVT). Twenty-three (33.8%) patients developed ascites
and twenty-two (32.4%) patients developed pleural effusion. Among individuals with a CRBSI, no
difference in overall survival was identified (p = NS) but individuals with a CRBSI did have a greater
number of total days spent in the hospital (47.2 +/- 26.7 vs. 30.1 +/-15.6, p=0.015).

Hospice enrollment

Patients received PN for a median of 3.1 months (IQR: 1.6—5.5) before enrolling in hospice care (n = 40).
Patients spent a median of 8.5 days (IQR: 4-22) in hospice prior to death. Five patients declined hospice

Page 13/21



care and two patients established home palliative care.

Discussion

The use of PN in the context of end-of-life cancer care is a practice that necessitates improvement. As the
treatment of cancer increasingly becomes management of a chronic disease process, appropriately
identifying patients who will benefit from PN at the end-of-life is necessary. Therefore, our aim was to
identify predictors of survival in order to further understand the benefit that patients may achieve with PN
use. In addition, we focused on the complications and burden of PN therapy in the care of the patient.
With respect to patient outcomes, we found a median survival of 4.7 months (IQR: 2.1-8), but also found
a significant burden of hospital days at the end-of-life in patients pursuing use of PN for MBO.

Several international studies have similarly attempted to understand predictors of survival with the use of
PN in the setting of advanced cancer. A retrospective review from Canada including 38 patients with
advanced cancer receiving PN identified a median survival time of 162 days (5.4 months) and a
Karnofsky performance score (KPS) greater than 50 at the time of PN initiation was associated with
increased survival (9). In a similar study (N = 114) conducted in Poland, where gastric cancer was the
most prevalent cancer type, a median survival of 89 days (2.9 months) was found (11). Sobocki et al.
found that mild (male 10.0-14.0; female 10-12.0 g/dL), moderate (8.0—10.0 g/dL), and severe (6.5-8.0
g/dL) anemia and hypoalbuminemia (< 2.5 g/dL) were correlated with decreased survival. Though we did
not identify any predictive laboratory values, we found that a prior diagnosis of appendiceal cancer was
correlated with increased survival. Consistent with the above studies, we found a median survival of 142
days in a mixed cancer population among which the most common primary tumor sites were of
appendiceal (35.3%) and colorectal (22.1%) origin.

With expanding interest in using prognostic factors to estimate survival probability in cancer patients
receiving PN, Mariani, et al. used the Glasgow prognostic score (GPS), KPS, and primary tumor site to
construct a nomogram capable of predicting 3-month and 6-month survival (12). While this nomogram
was not validated in an external population, the general features of performance status and primary
tumor site likely impact overall survival (13). In our data, the primary tumor site of appendiceal cancer
predicted an improved survival. Future studies, primarily in the current era with novel available therapies
will be required to elucidate disease and therapy related factors impacting survival among individuals
with MBO.

The primary predictor of survival in our cohort was a prior diagnosis of appendiceal cancer. This
increased survival can be explained by likely several mechanistic factors, the greatest being the general
indolent nature of a mucinous adenocarcinoma of the appendix. While appendiceal cancer encompasses
a number of different cancer subtypes that vary histologically and by disease outcomes, as opposed to
other aggressive cancer types such as, colorectal and pancreatic cancers, the metastatic spread of
disease is often limited to the abdomen becoming a space occupying tumor within the abdomen as
opposed to spread to other organ systems (14). The poor response of appendiceal cancer to standard
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chemotherapies also likely reflects differences in host response to the tumor burden (15, 16). Since
appendiceal cancers equated to the majority of cancer cases in this study, when evaluated separately
from other cancer subtypes, median survival was 212 days in individuals with appendiceal cancer as
opposed to 121 days in all other cancer subtypes.

Outside of individual patient survival, we also focused on outcomes of PN therapy in the setting of
advanced cancer. Readmission after initiating PN is common. Kjeldsen et. al have found that nearly 80%
of patients with incurable cancer receiving PN are readmitted into the hospital (17) We found an overall
30-day readmission rate of 52.2%. Older age was associated with a decreased likelihood of readmission
within 30 days. Younger patients with metastatic cancer have been shown to experience higher
readmission rates than older patients (18). Abdominal pain was the most common complication leading
to hospital readmission in our study. Although symptom burden is highly variable, older patients with
metastatic cancer generally report lower pain intensity (19). Age also affects clinician recommendations
and individualized patient decisions (20). Older patients with metastatic disease experience higher levels
of fatigue, emotional distress, loss of hope and pleasure, and independence. Furthermore, Cohen et. al
found that older patients with metastatic pancreatic cancer are less likely to receive chemotherapy
compared to younger patients (21). Older patients with metastatic cancer are also more likely to engage
in early goals-of-care discussions, which have been associated with lower hospital readmission rates
within 90-days (22). Though older age has been identified as an independent non-modifiable risk factor
associated with less hospital readmission, it is a unidimensional measure and observed differences in
hospital readmission are more likely multifactorial.

Specific to PN use, the CRBSI rate of 26% was high compared to the Canadian study that reported a line
infection rate of 13% (9). Prior studies have identified risk factors for CRBS], including using an
intravenous port instead of a tunneled central line (23). Multiple technical explanations are plausible.
Intravenous port catheters are more challenging to place, creating a higher threshold for removal (24) and
small fluid reservoirs can build up if not flushed appropriately, leading to microbial growth within the
catheter. Of note, intravenous ports were the most commonly used site for PN access in this cohort and
likely contributed to the higher infection rate. Further assessment is needed in this cohort to identify the
additional individual risk factors for developing CRBSI and minimize its impact on patient outcomes.

Lastly, we also demonstrated the burden of hospitalization on patients with a MBO on PN to include a
median of 2 (IQR: 1-3) future readmissions, most commonly for worsening abdominal pain. Patients
also spent a median of 29 (IQR: 19-44) days in the hospital after initial discharge on PN which accounts
for nearly 21% of the patient’s survival time from PN initiation.

Quality of life on long-term HPN ranges from low to acceptable (25). Moreover, patients on HPN who
depend on pain medications such as opiates or benzodiazepines experience a lower quality of life (26).
Though hospital readmissions are a critical factor for defining patients’ quality of life on HPN, few
evidence-based guidelines for clinical practice have been developed (27, 28). Future studies will have to
consider the burden of hospitalizations in this specific patient population and its impact on quality of life.
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At present, this is the largest single center study in the United States to describe the utilization of PN in
the setting of an advanced cancer (n = 68). Comparable studies have been conducted in notable regions,
such as Canada, Poland, and Italy, thereby prompting the need for pertinent comparisons across
healthcare systems and patient demographics. Especially in the U.S. where delivery of PN can be
fragmented, this large-scale collection allowed us to appropriately describe outcomes and burdens of PN
therapy. However, given the heterogenous nature of the cancer subtypes included, specific predictors of
survival outside of appendiceal cancer were not able to be determined and risk factors for hospital
readmission also did not achieve statistical significance. Due to advancements and availability of
chemotherapy and immunotherapy, identifying predictors of survival may prove to be a more complex
analysis due to better outcomes with continuity of advanced treatment. Thus, gaining a comprehensive
understanding of how innovative therapies influence treatment outcomes and overall survival becomes
of paramount importance. The primary limitation of this study in addition to study size is the
retrospective nature of the study which limited our ability to assess patient and family caregiver burden
of PN utilization. Notably, the acquisition of hospice referral data relied upon the hospital's electronic
medical records. It is essential to acknowledge that certain instances of hospice referrals might have
transpired without explicit documentation in the patients' charts. When attempting to determine
appropriateness of utilization, future studies will require prospective patient engagement and enrollment
to determine patient and caregiver perspectives on the utilization of PN.

In summary, we show that patients with appendiceal cancers experienced greater survival than patients
with non-appendiceal cancers. PN-associated complications occurred in many patients, notably, catheter
related blood stream infections occurred in 18 (26%) patients. Patients survived an average of 142 days
but also experienced an average of 2 readmissions and 29 days in the hospital after starting PN. Future
work is needed to better characterize the patient experience on PN in cases of advanced cancer.

Abbreviations

ECOG Performance Status

Eastern Cooperative Oncology Group Performance Status
MBO

malignant bowel obstruction

PN

parenteral nutrition

TPN

total parenteral nutrition

Declarations

Grant Support: NIH NCI-SOAR Grant #1R25CA240134-01

Disclosures: No expressed conflicts of interest with respect to the submitted work

Page 16/21



Writing assistance: No support provided
Not Applicable

Consent to participate:

All authors listed have seen and approved this manuscript and contributed significantly to the work.

Ethical Approval

This study was approved by the The University of Chicago Division of the Biological Sciences
Institutional Review Board Committee (IRB18-1505).

Ethics Accordance

The research was carried out in accordance with the principles by The University of Chicago Maclean
Center for Clinical Medical Ethics.

Funding_
NIH NCI-SOAR Grant, #1R25CA240134-01

Availability of data and materials

We performed a retrospective review over an 8-year period at our tertiary referral center identifying
patients discharged on home parenteral nutrition for a malignant bowel obstruction.

References

1. Tuca, Albert et al. “Malignant bowel obstruction in advanced cancer patients: epidemiology,
management, and factors influencing spontaneous resolution.” Cancer management and research
vol. 4 (2012): 159-69.

2. Mercadante, Sebastiano et al. “Medical treatment for inoperable malignant bowel obstruction: a
qualitative systematic review.” Journal of pain and symptom management vol. 33,2 (2007): 217-23.
doi:10.1016/j.jpainsymman.2006.06.014

3. Sowerbutts, A, Lal, S., Sremanakova, J. et al. Palliative home parenteral nutrition in patients with
ovarian cancer and malignant bowel obstruction: experiences of women and family caregivers. BMC
Palliat Care 18,120 (2019)

4. Shaw, Colette et al. “Palliative venting gastrostomy in patients with malignant bowel obstruction and
ascites.” Annals of surgical oncology vol. 20,2 (2013): 497-505.

5. Leg, Yeh Chen et al. “Malignant Bowel Obstruction in Advanced Gynecologic Cancers: An Updated
Review from a Multidisciplinary Perspective.” Obstetrics and gynecology international vol. 2018
1867238. 17 May. 2018

Page 17/21



10.

11

12.

13.

14.

15.

16.

17.

. Fan, Bo-Guang. “Parenteral nutrition prolongs the survival of patients associated with malignant

gastrointestinal obstruction.” JPEN. Journal of parenteral and enteral nutrition vol. 31,6 (2007): 508-
10. doi:10.1177/0148607107031006508

. Higashi, Hisato et al. “Factors affecting successful palliative surgery for malignant bowel obstruction

due to peritoneal dissemination from colorectal cancer.” Japanese journal of clinical oncology vol.
33,7 (2003): 357-9. doi:10.1093/jjco/hyg061

. Cozzaglio, L et al. “Outcome of cancer patients receiving home parenteral nutrition. Italian Society of

Parenteral and Enteral Nutrition (S..N.PE.).” JPEN. Journal of parenteral and enteral nutrition vol.
21,6 (1997): 339-42. doi:10.1177/0148607197021006339

. S00, Isaac, and Leah Gramlich. “Use of parenteral nutrition in patients with advanced cancer.”

Applied physiology, nutrition, and metabolism = Physiologie appliquee, nutrition et metabolisme vol.
33,1 (2008): 102-6. doi:10.1139/H07-152
Sowerbutts, Anne Marie et al. “Home parenteral nutrition for people with inoperable malignant bowel

obstruction.” The Cochrane database of systematic reviews vol. 8,8 CD012812. 10 Aug. 2018,
doi:10.1002/14651858.CD012812.pub2

. Dzierzanowski, Tomasz, and Jacek Sobocki. “Survival of Patients with Multi-Level Malignant Bowel

Obstruction on Total Parenteral Nutrition at Home.” Nutrientsvol. 13,3 889. 10 Mar. 2021,
doi:10.3390/nu13030889

Bozzetti F, Cotogni P, Lo Vullo S, Pironi L, Giardiello D, Mariani L. Development and validation of a
nomogram to predict survival in incurable cachectic cancer patients on home parenteral nutrition.
Ann Oncol. 2015 Nov;26(11):2335-40. doi: 10.1093/annonc/mdv365. Epub 2015 Sep 7. PMID:
26347103.

Oke S, Ismail D, Stroud M, et al0C-025 Application of a Survival Nomogram for Palliative Cancer
Patients on Home Parenteral Nutrition: Is It Valid? Gut2016;65:A15-A16.

Tirumani SH, Fraser-Hill M, Auer R, Shabana W, Walsh C, Lee F, Ryan JG. Mucinous neoplasms of the
appendix: a current comprehensive clinicopathologic and imaging review. Cancer Imaging. 2013 Feb
22;13(1):14-25. doi: 10.1102/1470-7330.2013.0003. PMID: 23439060; PMCID: PMC3582328.

Lu B, Fields AC, Meyerhardt JA, Davids JS, Shabat G, Bleday R, Goldberg JE, Nash GM, Melnitchouk
N. Systemic chemotherapy and survival in patients with metastatic low-grade appendiceal mucinous
adenocarcinoma. J Surg Oncol. 2019 Sep;120(3):446-451. doi: 10.1002/js0.25599. Epub 2019 Jun
24. PMID: 31236958; PMCID: PMC6675644.

Kolla BC, Petersen A, Chengappa M, Gummadi T, Ganesan C, Gaertner WB, Blaes A. Impact of
adjuvant chemotherapy on outcomes in appendiceal cancer. Cancer Med. 2020 May;9(10):3400-
3406. doi: 10.1002/cam4.3009. Epub 2020 Mar 19. PMID: 32189461; PMCID: PMC7221299.

Obling SR, Wilson BV, Kjeldsen J. Home parenteral support in patients with incurable cancer. Patient
characteristics of importance for catheter related complications and overall survival. Clin Nutr
ESPEN. 2018 Dec;28:88-95. doi: 10.1016/j.clnesp.2018.09.073. Epub 2018 Oct 12. PMID: 30390898.

Page 18/21



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Solomon R, Egorova N, Adelson K, Smith CB, Franco R, Bickell NA. Thirty-Day Readmissions in
Patients With Metastatic Cancer: Room for Improvement? J Oncol Pract. 2019 May;15(5):e410-e419.
doi: 10.1200/J0OP.18.00500.

Morita T, Kuriya M, Miyashita M, Sato K, Eguchi K, Akechi T. Symptom burden and achievement of
good death of elderly cancer patients. J Palliat Med. 2014 Aug;17(8):887-93. doi:
10.1089/jpm.2013.0625. PMID: 25083586.

Tal O, Ben Shem E, Peled O, Elyashiv O, Levy T. Age Disparities in End of Life Symptom Management
Among Patients with Epithelial Ovarian Cancer. J Palliat Care. 2022 Feb 28:8258597221083418. doi:
10.1177/08258597221083418.

Namrata Vijayvergia, Efrat Dotan, Karthik Devarajan, Kamel Hatahet, Farah Rahman, Julianna Ricco,
Bianca Lewis, Sameer Gupta, Steven J. Cohen, Patterns of care and outcomes of older versus
younger patients with metastatic pancreatic cancer: A Fox Chase Cancer Center experience, Journal
of Geriatric Oncology, Volume 6, Issue 6, 2015, Pages 454-461, ISSN 1879-4068,
https://doi.org/10.1016/j.jgo.2015.08.001.

Emiloju OE, Djibo DAM, Ford JG. Association Between the Timing of Goals-of-Care Discussion and
Hospitalization Outcomes in Patients With Metastatic Cancer. Am J Hosp Palliat Care. 2020
Jun;37(6):433-438. doi: 10.1177/1049909119882891.

Fonseca, Gabriela et al. “4." JPEN. Journal of parenteral and enteral nutrition vol. 42,1 (2018): 171-
175. doi:10.1177/0148607116688437

Elfassy, S., Kassam, Z., Amin, F,, Khan, K.J., Haider, S. and Armstrong, D. (2015), Epidemiology and
Risk Factors for Bloodstream Infections in a Home Parenteral Nutrition Program. Journal of
Parenteral and Enteral Nutrition, 39: 147-153.

Getty Huisman-de Waal, Lisette Schoonhoven, Jan Jansen, Geert Wanten, Theo van Achterberg, The
impact of home parenteral nutrition on daily life—A review, Clinical Nutrition, Volume 26, Issue 3,
2007, Pages 275-288, ISSN 0261-5614, https://doi.org/10.1016/j.clnu.2006.10.002.

Richards DM, Irving MH. Assessing the quality of life of patients with intestinal failure on home
parenteral nutrition. Gut 1997;40(2):218-22.

Baxter JB, Fayers PM, Bozzetti F, Kelly D, Joly F, Wanten G, Jonkers C, Cuerda C, van Gossum A, Klek
S, Boudreault MF, Gilbert A, Jobin M, Staun M, Gillanders L, Forbes A, O'Callaghan M, Faedo CM,
Brunelli C, Mariani L, Pironi L; Home Artificial Nutrition and Chronic Intestinal Failure Special Interest
Group of the European Society for Clinical Nutrition and Metabolism (ESPEN). An international study
of the quality of life of adult patients treated with home parenteral nutrition. Clin Nutr. 2019
Aug;38(4):1788-1796. doi: 10.1016/j.cInu.2018.07.024.

Kirk, C, Pearce, MS, Mathers, JC, Thompson, NP, Gemmell, L, Jones, DE. Quality of life and home
parenteral nutrition: a survey of UK healthcare professionals' knowledge, practice and opinions. J
Hum Nutr Diet. 2022; 1—- 10.

Figures

Page 19/21



Figure 1.

Records identified
through EDW (325):

Excluded:

Age <18 (1)

Not followed here (12)
No MBO (37) i.e. EC
fistula, SBS, alternative
diagnosis

> Perioperative PN (122)
Not discharged on PN
(75)

Radiation enteritis (10)

¥

68 unique
patients

Figure 1

The patient selection process for the study. Comprehensive screening was performed 325 subjects
identified via electronic medical record search. Exclusions included: age < 18 (n=1), treatment at another
institution (n=12), receipt of an alternative diagnosis (n=47), receipt of perioperative (n=122) or temporary
(n=75) parenteral nutrition (PN). A total of 68 patients were included in the final analysis.
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Figure 2

Survival analysis demonstrating prolonged survival among individuals with appendiceal cancer as
opposed to non-appendiceal cancer (Hazard ratio: 0.53 (95% Cl: 0.29-0.92, p = .02)).
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