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Abstract

This was a cohort analysis evaluating patients with pancreatic adenocarcinoma who presented with
or developed ascites. Among the 180 patients analyzed, the use of serial paracenteses and
indwelling catheters is a common practice to effect symptom palliation. The complication rate was
higher in patients with indwelling catheters. Analyzing ascitic fluid and calculating the serum
ascites albumin gradient can help attribute the etiology of the ascites and potentially identify
which patients may benefit from diuretics or other intervention.

Background—Ascites develops in a subset of patients with pancreatic adenocarcinoma (PAC) at
presentation or as the disease advances. Limited data exist on the prognostic importance of
malignant ascites in PAC. Our hypothesis is that this information will provide an understanding of
the natural history and facilitate management decisions.

Methods—We conducted a retrospective analysis of 180 patients treated at Memorial Sloan
Kettering Cancer Center diagnosed between January 1, 2009 and December 31, 2014, with PAC
and with ascites either at presentation or that developed during the disease course.

Results—For the 180 patients, the overall survival was 15 months. The time from diagnosis to
ascites presentation was 11 months, and the survival time after ascites development was 1.8
months (range, 1.6-2.3 months; 95% confidence interval). Of 62 patients (34%) who had ascitic
fluid analyzed, 36 (58%) had positive cytology. Fifty-one (82%) patients had a serum ascites
albumin gradient = 1, and 11 (18%) had serum ascites albumin gradient < 1. Sixty-four (36%)
patients had their ascites managed solely by serial paracenteses. A total of 116 patients required a
catheter; of these, 108 (93%) had a Tenckhoff catheter, 4 (3%) a Pleurx catheter, 4 (3%) a pigtail
catheter, and 1 (1%) a Denver catheter. Eight (7%) patients required 2 catheters to be placed, and
in 6 (5%), Tenckhoff catheters had to be removed. The main observed complications were
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spontaneous bacterial peritonitis in 7 (11%) managed with paracenteses versus 26 (23%) who had
a catheter placed, catheter malfunction in 8 (7%), and acute renal failure in 6 (3%). After ascites
development, 79 (44%) patients received active anti-cancer therapy, and 101 (56%) patients were
managed with supportive care alone.

Conclusions—In patients with PAC who presented with or developed ascites, serial
paracenteses and indwelling catheters are common methods used for providing symptomatic relief.
The complication rate was higher with indwelling catheters, primarily related to infection (eg,
bacterial peritonitis). Overall, ascites has a significantly negative prognostic import with a short
median survival.
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Introduction

Background

Ascites, derived from the Greek work askites, “baglike,” is the accumulation of ascitic fluid
in the abdominal cavity.! It can either present at baseline or evolve during the disease course
in patients with advanced ovarian or gastrointestinal malignancies and other non-oncologic
etiologies (eg, cirrhosis, portal hypertension, Budd-Chiari syndrome).2 The etiology of
ascites can be multifactorial, but typically is due to the imbalance between the production
and reabsorption of fluid.2 It is known that, in cancer-related ascites, fluid accumulation is
due to impaired drainage from the peritoneal cavity secondary to tumor size and increased
filtration from disruption of oncotic pressures.> Common presenting symptoms include
abdominal distention, shortness of breath, diminished appetite, fatigue, and lower-extremity
edema.?

Currently, most of the data in the literature is based on ovarian cancer-related ascites. The
prevalence of ascites in gastrointestinal (GI) cancers is about 21%, typically from
malignancies such as pancreatic, colorectal, gastric, and gallbladder cancers.® Older
literature on ascites in GI cancers report that ascites carries a poor prognosis compared with
ovarian cancer, with a mean survival of 19 weeks, versus Gl cancers with a mean survival of
10 weeks from the onset of ascites.®

Factors that have been associated with a poor survival include the presence of liver
metastases, low serum albumin (< 3 g/dL), low serum total protein (< 6 g/dL). In addition,
high levels of serum urea (> 6.5 mg/dL), creatinine (> 5.85 mg/dL), and total bilirubin (> 1.7
mg/dL) had worse overall survival in patients with malignant ascites.” An impaired
performance status with Karnofsky index score < 60 or Eastern Cooperative Oncology
Group (ECOG) = 2 was also correlated with inferior survival.®

Management of malignant ascites is challenging given the poor prognostic import, lack of
guidelines, and lack of randomized studies to guide clinical decision-making. Current
treatment options are centered on the palliation of symptoms, and typically, the most
effective relief of ascites is achieved by treating the underlying disease with the most success
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being observed in the front-line treatment setting. Available medical treatments include the
use of diuretics, which are inconsistently used among physicians,? are typically mostly used
in treatment of portal hypertension-related ascites,? and have shown not to have a
significant clinical benefit when the serum albumin gradient (SAAG) is < 1.1 g/dL.11
Therapeutic paracentesis is an alternative treatment option that has been used in the clinical
setting because it incurs prompt symptomatic relief in about 90% of patients!? with rare
complications like infection, bowel perforation, hypotension, and hemorrhage.13 However,
the need for repeated hospital visits and often rapid recurrence of symptoms is a common
drawback, given that the mean interval for need of the procedure is 10.4 days.1415

To facilitate the management of ascitic fluid recurrence without the need for serial
paracentesis, permanent drains were developed. Currently 2 types are popular; one is a
tunneled catheter (Pleurx catheter) and the other is a nontunneled catheter (pigtail or dialysis
catheter).18 The latter was originally developed in 1968 by Henry Tenckhoff as an
indwelling peritoneal dialysis catheter!’ that has been shown to be effective.18

These permanent drains have been shown to provide effective palliation as an alternative to a
large volume paracentesis'® and allow the patient to drain smaller amounts of ascitic fluid
when appropriate and thus has improved quality of life (QoL) by reducing the number of
paracenteses procedures and trips to health care facilities.2? Conversely, a major risk
pertaining to an indwelling catheter is the development of peritonitis, and the literature
shows that the risk is higher in untunneled compared with tunneled catheter types.2: Another
type of permanent drain is a peritoneal venous shunt,?2 including the LeVeen shunt, the first
prototype of its kind.23 Nevertheless, due to its poor efficacy and risk of serious
complications, including port occlusion, disseminated intravascular coagulation, and short
life, it was later replaced by the Denver shunt.23 Given the aforementioned issues, it has not
been frequently used in a cancer setting.24

Overall, the existence of malignant ascites confers a poor prognostic situation and adds a
cluster of symptoms that decrease the QoL in patients with an already established advanced
malignancy, including abdominal distension, dyspnea, and abdominal pain.? Life expectancy
is measured in months or less.25 Limited data exist on the exact prognostic importance of
malignant ascites in pancreas adenocarcinoma and patterns of treatment algorithms and
outcomes; thus, we choose to study the natural history and management interventions for
ascites related to pancreas adenocarcinoma in a specialist pancreas cancer referral center.

The purpose of this study was to evaluate patients with advanced pancreas adenocarcinoma
who developed ascites either as part of their clinical presentation or during their disease
course, and analyze the clinical behavior, outcomes, and therapeutic interventions and
evaluate the prognostic importance of the presence of ascites in this patient population.
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Methods
Setting and Study Design

The Institutional Review and Privacy Board at Memorial Sloan Kettering Cancer Center
reviewed this single-center cohort study. Patients with pathologic confirmation of pancreatic
adenocarcinoma and ascites from January 1, 2009 to December 31, 2014 composed the
study population. Data abstraction was performed from November 2014 to January 2015.

Search Strategy and Selection Criteria

An institutional database (DARWIN) was used to retrospectively obtain medical records
from patients diagnosed with pancreatic cancer that were identified either by using the
International Classifications of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
with the following code: 157 pancreas ca, 157.0 pancreas ca-head,157.1 pancreas ca-body,
157.2 pancreas ca-tail, 157.8 pancreas ca, 157.9 pancreas ca. Selection criteria also included
patients that had any of the following ICD-9 codes, along with their pancreatic cancer
diagnosis: 789.5 ascites, 789.51 malignant ascites, 789.59 ascites NEC. Additional criteria
used on database query involved the placement of Denver shunt, Pleurx/aspiration catheter,
catheter placement, and/or paracentesis/peritocentesis. For evaluation of the time of onset of
ascites, the medical records were reviewed, and the date of diagnosis were recorded as either
written by physician on the assessment and plan, physical examination section, or radiologist
computed tomography (CT) scan report.

Data Extraction

One of the authors (A.M.H.) performed electronic medical record review and data
abstraction, and data was stored in a secure drive. Detailed demographic and clinical
information was extracted, including date of cancer diagnosis, presenting symptoms,
American Joint Committee on Cancer stage at presentation, performance status (ECOG) at
presentation, sites of metastasis at presentation, primary tumor location, treatment modalities
(surgery, systemic therapy), types of systemic therapy received, lines of treatments, interval
between diagnosis of pancreatic cancer and occurrence of ascites, presenting symptom of
ascites, method of diagnosis of ascites, ECOG at diagnosis of ascites, laboratory parameters
at diagnosis of ascites (cell blood count, comprehensive metabolic panel, coagulation
studies), CA-19-9, ascites albumin, ascites white blood cell count, management of ascites,
number of paracenteses procedure(s), catheter placement, diuretic utilization, complications
of therapies used to manage ascites, and survival outcomes (Table 1).

Statistical Analysis

The baseline patients’ characteristics, clinical findings at diagnosis of ascites, and laboratory
evaluation at the time of ascites diagnosis are summarized in Tables 1-3. The Fisher exact
test was used to evaluate the association between complication, number of serial
paracenteses, and ascites management (patients who had only paracenteses vs. patients with
paracenteses and drainage catheter placement).

Overall survival (OS) was calculated from date of diagnosis to date of death. Median OS and
95% confidence interval (Cl) were estimated using Kaplan-Meier methods. The median time
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from catheter placement to death was also according to type of catheters. All Pvalues were
based on 2-tailed statistical analysis, and £ < .05 was considered to indicate statistical
significance. All analyses were performed with SAS version 9.3 (SAS Institute) and SPSS
version 23 (SPSS Inc).

Demographic and Clinical Characteristics

Nine hundred forty-eight patients were identified from January 1, 2009 to December 31,
2014. Figure 1 illustrates the flow of patients that composed the analyzed cohort. One
hundred eighty patients fulfilled the inclusion criteria of advanced pancreas adenocarcinoma
and ascites either at presentation or during the disease course, and they formed the analyzed
cohort. Descriptive characteristics of the study cohort are summarized in Table 1. One
hundred five (58%) were male. The median age of pancreas cancer diagnosis was 65 years
(range, 34-91 years). Fifty-seven percent (n = 103) patients presented with metastatic
pancreatic cancer (American Joint Committee on Cancer stage 1V), 21% (n = 38) had locally
advanced pancreas (stage 1), and 22% (n = 39) had resectable disease at presentation (stage
I-11B). At diagnosis, assessment of performance status was adjudicated as follows: 83% (n =
149) had a performance status of ECOG 0 to 1, and 17% (n = 31) presented with
performance status of ECOG = 2. The primary pancreatic tumor was located in the head
(61%; n = 89), body (23%; n = 41), and tail (18%; n = 33). Surgery was performed in 22%
(n = 39) of patients, 13% (n = 23) had a Whipple procedure, 6% (n = 11) had other type of
surgery (eg, Appleby procedure, distal pancreatectomy), and 74% (n = 133) patients had
unresectable disease.

For all 180 patients, complete follow-up data was available. The average follow-up time was
15 months (range, 1-47 months). For the whole cohort, the survival time after cancer
diagnosis was, on average, 12 months with a range of 10 to 14 months (95% CI) and a
standard deviation (SD) of 10 months. The median OS after ascites developed was 1.8
months with a range of 1.6 to 2.3 months (95% CI), and the time from diagnosis to ascites
development for the whole cohort was approximately 8.8 months with a range of 0 to 45
months (SD = 9 months). One hundred eight patients (60%) presented with metastatic
disease, and the time to ascites diagnosis was, on average, 7 months with a range of 0 to 31
months. Patients presenting with localized disease (n = 72; 40%) were diagnosed with
ascites 15 months (range, 1-46 months) after their cancer diagnosis.

Cancer Treatment

Ninety-four percent (n = 169) of patients received at least 1 systemic therapy regimen, while
6% of patients (n = 11) did not receive any treatment at all. As shown in Table 1,
gemcitabine alone or in combination (n = 91) represented about 51% of the total treatments
administered. FOLFIRINOX (folinic acid, 5-FU, irinotecan, oxaliplatin) 33% (n = 59),
FOLFOX (folinic acid, 5FU, oxaliplatin) 7% (n = 13), and GTX (gemcitabine, docetaxel,
capecitabine) 3% (n = 6), accounted for the remainder of therapies.
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Ascites Presentation

Within this cohort, our main outcomes of interest were the clinical presentation, natural
history, and treatments for patients after they developed ascites. The key findings are
summarized in Table 2. Ascites was diagnosed mostly by clinical examination (62%; n =
112), by CT scan in 36% (n = 64), and by sonogram/laparotomy in 2% (n = 4). Patients with
ascites diagnosed by CT scan interpreted as: “moderate,” “large,” or “severe” were included
in the study. Patients with ‘small’ ascites that did not have evidence of clinically significant
ascites, ascites that did not progress overtime, and patients that did not require invasive
interventions (paracentesis or catheter) were not included in the study. The main clinical
manifestations as reported by patients were: abdominal distention and/or discomfort in 63%
(n = 114), shortness of breath in 7% (n = 12), and 10% (n = 18) had complaints of weight
gain, nausea, and/or vomiting; 20% (n = 36) of patients were asymptomatic. Assessment of
performance status at ascites diagnosis was adjudicated as follows: 31% (n = 56) had ECOG
between 0 and 1, 52% (n = 93) had ECOG of 2, and 17% (n = 31) had ECOG of 3.

On imaging at ascites diagnosis, peritoneal carcinomatosis was observed in 57% (n = 103),
liver involvement in 21% (n = 37), and lung metastases in 8% (n = 15). Thirteen (7%)
patients had localized disease where ascites was attributed to a secondary manifestation of
portal hypertension.

Laboratory Findings

Table 3 summarizes the median laboratory values at the time of diagnosis for the total
cohort. Of particular importance is the SAAG, which is calculated by subtracting the
difference between the serum albumin minus the albumin content in ascitic fluid, and has
shown to be a superior discriminant than ‘transudate versus exudate’ to correctly
differentiate ascites related to portal hypertension from ascites not due to portal hypertension
96.7% of the time.28 If the SAAG is a high gradient (> 1.1 g/dL), it usually indicates that
ascites is due to portal hypertension, either liver-related (cirrhosis, Budd-Chiari syndrome)
or nonliver-related (heart failure, portal fibrosis).2” However, if the SAAG gradient is low (<
1.1 g/dL), it points toward causes not associated with portal hypertension, like peritoneal
carcinomatosis, tuberculosis, pancreatitis, or other peritoneal malignancies.! In our cohort,
the mean SAAG was 1.68 for 34% (n = 62) of patients who had their ascites fluid analyzed
for cytology, albumin, and leukocyte content; in contrast, 66% (n = 118) did not have their
fluid analyzed. Positive malignant cells were found in 20% (n = 36) of the patients of the
total analyzed cohort, although the vast majority of patients did not have cytology sampled
as the diagnosis was known.

Ascites Management

Current management of ascites is limited to the use of diuretics or fluid removal by either
serial paracenteses and/or by permanent catheter placement. We evaluated the cohort by the
principal treatment modality as shown in Table 4.

Our results indicate that 64 (36%) patients had their ascites managed solely by serial
paracenteses, while 116 (64%) had catheter placement. For the patients that had serial
paracenteses, most of the time this was addressed with 1 to 2 paracenteses procedures in 37
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(58%) patients, and 9 (14%) had more than 3 procedures (range, 1-7). In patients who later
needed a catheter placement, 60 (52%) had between 1 and 2 paracenteses procedures, and 49
(27%) needed more than 3.

The most common procedure was placement of a peritoneal Tenckhoff catheter (Quinton
Instrument Company, Seattle, WA), in 93% (n = 108) of patients. Six patients (5%) had their
catheter removed, and 2 (2%) had it replaced secondary to catheter malfunction, ascites
leakage, and presence of infection (eg, bacterial peritonitis). One patient (1%) had a Denver
shunt placed. This patient developed intractable ascites and hypotension such that a
peritoneal catheter was not able to adequately address the ascites. Other types of catheters
employed were the use of Pleurx catheter (Denver Biomedical Inc, Golden, CO) in 11 (9%)
patients. Pleurx catheters were used for malignant pleural effusions that patients developed
from fluid translocation from the abdominal compartment. Lastly, a small group of patients
had a pigtail catheter placed (n = 3; 3%), and 8 (7%) patients had 2 catheters placed in rare
circumstances when 1 catheter did not provide sufficient symptom palliation.

Complications of Interventions for Ascites

From the first group (n = 64; 36%) who had serial paracenteses, 17% (n = 11) developed
complications. Encountered complications (Table 4) included bacterial peritonitis (n = 4;
6%), ascites leakage after paracentesis (n = 2; 3%), acute renal failure (n = 2; 3%), bowel
perforation (n = 1; 2%), and abdominal wall cellulitis (n = 2; 1%). For patients who required
a catheter placement (n = 116; 64%), 46 (40% of patients with catheter) developed
complications, with 26 (23%) experiencing peritonitis, catheter malfunction (n = 8; 7%),
acute renal failure (n = 3; 3%), bowel perforation (n = 2; 2%), and cellulitis and severe
sepsis (n = 5; 4%) as a complication of the procedure.

Survival Outcomes

Table 5 summarizes outcomes. After ascites development, 79 (44%) patients received active
therapy. One hundred one (52%) patients were managed with supportive care alone; from
these, in 8 (4%) further management information was not available, and 77 (43%) were
enrolled in hospice. Eleven (6%) patients died at our institution as an inpatient. The average
time from the diagnosis of ascites to the start of supportive care was 1.8 months (z 2.2
months; range, 0-9 months), and to start hospice care was 2.3 months (+ 2.4 months; range,
0-11 months).

Survival by catheter type was calculated from the date of procedure to the time of death. For
a Tenckhoff catheter, the subsequent average survival was 0.8 months with a range of 0 to
8.7 months. Following placement of a Pleurx/pigtail catheter, the average survival was also
0.9 months with a range of 0.4 to 8.2 months.

Discussion

Ascites in patients with pancreatic adenocarcinoma typically develops as a late disease
course manifestation and is a poor prognostic sign. It is associated with deteriorating QoL
owing to symptoms such as bloating, distention, pain, early satiety, shortness of breath, and
the frequent reaccumulation of ascitic fluid. For patients with untreated disease, the
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approach is a trial of diuresis, with the expectation of seeing certain palliation of the ascites,
followed by serial paracenteses with the rationale of delaying catheter placement.
Additionally, in patients with prior systemic treatment, the upfront expectation is
significantly lower, and the likelihood of intervention being required is anticipated to be
sooner rather than later. In our study, we were not able to derive a specific treatment
algorithm owing to the absence of clear measurable parameters to assess response to
treatment. We observed that 28% (n = 52) of patients were managed with diuretics;
furosemide (n = 43) and/or spironolactone (n = 9). The low percentage use of diuretics is
possibly attributed to the unclear evidence toward the utility of diuretics in malignant ascites,
unless the presence of portal hypertension where furosemide and spironolactone have
showed some utility.10

Prior studies have evaluated malignant ascites in different types of cancers,”+8:25.28-30 pyt
very limited data exist on the prognostic importance of malignant ascites in pancreas
adenocarcinoma. We present very detailed characteristics of a cohort of 180 patients, and our
results correlate with smaller prior studies’-8:2528-30 that show that ascites is a late
manifestation of advanced pancreatic adenocarcinoma, and its presence carries an ominous
prognosis, with observed mean OS in our cohort being 12 months (range, 10-14 months
[95% CI]) from diagnosis and 1.8 months (range, 1.6-2.3 months [95%CI]) OS after ascites
developed. Patients who presented with metastatic disease developed ascites 7 months
following diagnosis. Most patients (93%) received chemotherapy, with the main regimens
received being gemcitabine-based regimens in 91 (53%), FOLFIRINOX in 59 (33%),
FOLFOX in 13 (7%), and investigational drugs in 9 (0.5%) patients. Prior studies have
encountered an incidence of ascites in approximately 1 in every 8 pancreatic cancer
patients.3! In our cohort, we observed that ascites developed after 11 months (+ 9 months),
and by that time, 57% (n = 103) of patients had advanced peritoneal carcinomatosis.

Possible variation might exist since diagnosis was based on clinical documentation in 62%
(n = 112) of patients and radiographically in 36% (n = 64). Interestingly, in patients with
fluid analysis (n = 62; 34%) the mean SAAG was 1.68, which associates with a possible
portal hypertension etiology, perhaps related to the increased tumor burden, the increased
thrombotic risk predisposing to portal vein thrombosis, or a multifactorial origin.32

Concomitantly, the existence of ascites in advanced pancreatic cancer has been challenging
to treat, and oftentimes effective palliation is not achieved. Smith et al33 found that
paracentesis provided palliation in 93% of patients but had a limited duration of effect, with
a mean of 10.4 days and with potential risk. Therefore, to minimize repeated paracenteses
and frequent hospital visits, permanent drains are frequently used.2123:34 We observed in our
cohort that 36% (n = 64) of patients underwent paracenteses only as the means of managing
ascites, with 58% of this subgroup (n = 37) having 1 to 2 paracenteses, and only 14% (n = 9)
having = 3 paracenteses. Nearly two-thirds of the cohort required a permanent catheter (n =
116; 64% of total analyzed cohort) to obtain palliation, and we observed that 42% (n = 49)
patients required = 3 paracenteses to address ascites before a catheter was placed (P < .001).

The ease of placement, adequate ascites palliation, and patient tolerance has made the
Tenckhoff catheter the most commonly used catheter type in 60% (n = 108) of patients.3> A
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Denver shunt was employed in a solitary patient with refractory ascites where Tenckhoff
catheter placement was not technically feasible. In rare situations, a second catheter was
placed when there was ascitic fluid translocation to the pleural compartment in 4% (n = 8) of
patients.

Despite palliating symptoms and improving quality of life in end-stage pancreatic cancer,
indwelling catheters incur significant complications. We found a marked difference in the
complication rate of 56% (n = 46) in patients with catheters compared with 17% (n = 11) in
the group where no catheters were placed (P < .001). These observations correlate with
recent literature reports,1824:36-38 although we found a higher incidence of infections
(spontaneous bacterial peritonitis; SBP) with 23% (n = 26) in patients with a catheter
compared with 6% (n = 4) who had a paracenteses only. The increased rate of infections
could be secondary to bacterial access during procedure, or through direct contact with the
abdominal cavity. Nonetheless, ascitic fluid was typically only analyzed when patients
presented with signs of active infection or high suspicion for SBP, which could affect the
diagnosis rate. Other not frequently observed complications in the total analyzed cohort
were catheter malfunction (7%; n = 8), abdominal wall cellulitis at the catheter site (1%; n =
2), bowel perforation (2%; n = 3), and acute renal failure (3%; n = 5), the latter in part likely
attributable to excessive ascitic fluid removal in patients with altered hemodynamics and
impaired performance status. Ascites leakage was documented in 2% (n = 3); however, we
think this complication is much underreported.

In broad observation, our total cohort had a reported complication rate of 32% (n = 57)
related to catheter placement, which can be interpreted that almost 1 in 3 patients developed
a complication; albeit, the most frequent observed complication was SBP in 17% (n = 30) of
the total cohort. The presence of external factors may increase susceptibility to infection,
including defects in host defense mechanism, cellular immune dysfunction, and presence of
local factors (eg, tumor metastases, procedures, damage to mucosal surfaces).3° Our
observed findings are in concordance with other reported results in the literature. Lungren et
al*0 reviewed a total of 188 patients with a tunneled peritoneal catheter and observed a
significant higher complication rate in the pancreatic cancer population. Based on these
results and the observed short median survival of less than 1 month after catheter placement,
and owing to the complexity of predicting life expectancy, the decision of catheter placement
should be individualized after weighting out the pros and cons in the context of the overall
situation.

Finally, we observed a low incidence of cytologically confirmed malignant ascites (n = 36;
20% of total cohort), which likely reflects the known underlying malignant explanation and
low need to confirm this suspicion given the clinical context. Research currently in
development has placed emphasis on novel biomarkers in pancreatic cancer, like tumor
exosomal proteins (CD44v6, MET, CD1014, EpCAM, Tspan8), miRNAs expression profiles
(mIR-1246,4644,3976,4306),%! and telomerase activity. Exosomes are microvesicles formed
by inward budding of the endosomal membrane that isolate different cell products (lipids,
proteins, and nucleic acids), which subsequently are secreted into the extracellular space
where they play a role in the regulation of tumor progression, tumor invasion, and
neovascularization.*1 Owing to the abundance and high biomarker expression in human
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fluids, exosomes are emerging as a more sensitive method and a valuable tool that can
predict tumor progression and metastases.*2 These biomarkers could ideally be an adjunct
diagnostic test along with current standard cytologic analysis.*3

Additionally, there is compelling evidence of catumaxomab (CATU) used as palliative
treatment to delay deterioration in QoL compared with paracentesis in patients with ovarian-
related ascites.* This unique monoclonal antibody is nonhumanized, trifunctional, and
bispecific (half-antibodies of mouse [IgG2a] and rat [1gG2b]) that targets the epithelial cell-
adhesion molecule (EpCAM) and CD3 of most epithelial tumors.#>46 Recently, a published
observational trial by Kurbacher et al concluded that, in patients with gynecologic tumors,
outpatient CATU therapy can be a safe and effective method of controlling ascites.4’
Therefore, we anticipate that new clinical trials should explore the role of this new
therapeutic modality in patients with pancreatic-related ascites.

The results of our study should be interpreted in the context of several limitations. First, this
study was a retrospective design. Second, our study was performed at a single-center
specialist institution with inherent referral and other biases. Several potential confounders
including patient demographics, ECOG status, stage at diagnosis, and comorbidities, along
with other confounding variables from other unmeasured factors. Third, ascites diagnosis
was based on radiologic documentation and physical exam performed by a physician, and
thus the time point for adjudication of the development of ascites varies as this was
adjudicated in retrospect. Fourth, we did not assess for ascites response after chemotherapy
as this, in retrospect, would be very difficult to do; however, we believe that in treatment-
naive patients, systemic chemotherapy provided palliation of ascites, but in these
circumstances, it is very difficult to determine for how long paracentesis/catheter placement
was avoided.

Conclusions

Our findings suggest that the presence of ascites in pancreas cancer indicates advancement
of disease and a short expected survival of several months or less. Use of serial paracenteses
and indwelling catheters is a common practice to alleviate the discomfort from fluid
accumulation. The complication rate was significantly higher in patients who had an
indwelling catheter compared with those that did not, mainly associated with infections with
low rates of complications due to catheter malfunction or other issues. The complication risk
may be acceptable in certain settings given the clinical benefits of fluid removal, decreased
symptom burden, and convenience; however, for patients with short expected survival of a
month or less, the risks likely outweigh the benefits. We encourage ascitic fluid analysis and
SAAG calculation where the etiology is in question to help define which patients may
benefit from diuretics versus other interventions. Future research should optimize patient
selection for catheter placement and use of novel diagnostic techniques for detecting
malignancy.
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Clinical Practice Points

Ascites development in pancreatic cancer is indicative of a short-term
prognosis. However, patients who have not received prior therapy for
their disease may fare better.

Diuretics have the most clinical benefit with portal hypertension-related
ascites; therefore, we recommend analyzing ascitic fluid to identify
patients with possible infection and to calculate the SAAG to
potentially guide treatment and assist in determining the etiology.

Indwelling catheters (Tenckhoff, Pleurx, pigtail, Denver shunt) provide
an effective way of draining ascitic fluid when serial paracenteses
become too numerous and inconvenient for the patient.

Indwelling catheters offer palliation but have a high complication rate
relating to infection (eg, SBP) and rarely to catheter malfunction.

Once ascites develops, integration of palliative care should be
considered, and in this disease, may be a trigger time point for
advanced care planning discussions.

Future research should be focused on methods of improving the
sensitivity for detecting malignant cells in human fluids and patient
selection optimization for catheter placement.

Clin Colorectal Cancer. Author manuscript; available in PMC 2016 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Hicks et al.

Page 15

Assessed for Eligibility
N= 948

Excluded Patients N= 768

Not diagnosed with pancreatic adenocarcinoma (N= 282)

Missing cancer stage information (N= 82)

—
Incomplete data information (N= 110)
Patients had just begun treatment (N= 99)
No ascites (N= 195)

v

Analyzed Cohort
N= 180

Figure 1. Study Design
Abbreviation: N = number of patients.
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Table 1

Baseline Characteristics of Patients Diagnosed With Pancreatic Adenocarcinoma

Characteristics n =180 | Percentage

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

|

Gender | |

Male | 105 | 58
Female | 75 | 42
Age, year (mean, range) | |

<60 | 52 (34-60) | 29
>60 | 128 (61-91) | 71
Ethnic origin | |

Caucasian | 138 | 77
Asian | 17 | 9
African-American | 13 | 7
Hispanic | 12 | 7
Year diagnosed | |

2009-2011 | 87 | 48
2012-2014 | 93 | 52
Pancreatic primary tumor location | |

Head | 89 | 49
Body | 41 | 23
Tail | 3 | 18
Overlap (body and tail) | 17 | 9
Surgery performed | n=239 | 22
Whipple procedure | 23 | 13
Other type of resection? | 1 | 6
Exploratory laparotomy but not resected® | 5 | 3
AJCC stage at cancer diagnosis | |

e | 3 | 2
1A | 17 | 9
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Characteristics | n =180 | Percentage
1B | 19 | 11
11 | 38 | 21
v | 103 | 57

CA 19-9 level atdiagnosisb(range) | 1-252,427 |
ULN to <59,000 | 147 | 82
>59 x ULN | 4 | 2
Not available | 2 | 16

Metastasis at diagnosis by organ site | n=108 | 60
Liver only | 39 | 22
Liver and other organs | 77 | 43
Abdomen/peritoneum | 23 | 13
Lung and other organs | 6 | 3
Other (bone) | 2 | 1

First systemic chemotherapy received | n=169 | 94
Gemcitabine regimen | 91 | 51

Gemcitabine monotherapy | 28 | 16
Gemcitabine + oxaliplatin/cisplatin | 23 | 13
Gemcitabine + Nab-paclitaxel | 4 | 2
Gemcitabine + cabecitabine | 11 | 6
Gemcitabine + investigational drug® | 9 | 5
Gemcitabine + erlotinib | 2 | 1
GTX (gemcitabine, docetaxel, capecitabine) | 6 | 3
FOLFIRINOX (5-FU, irinotecan, oxaliplatin) | 59 | 33
FOLFOX (5-FU, leucovorin, oxaliplatin) | 13 | 7

No chemotherapy received | 11 | 6

Lines of treatment received | |
One | 169 | 94
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Characteristics

n =180 | Percentage

|
Two | 122 | 68
Three | 81 | 45
Four | 30 | 17
Five | 4 | 2

Abbreviations: AJCC = American Joint Committee on Cancer; NA = not available; ULN = upper limit of normal.

aDistaI pancreatectomy w/wo splenectomy, Appleby procedure.

b . ] .
Not all patients have the Lewis antigen and therefore cannot secrete CA19-9.

clnvestigational drugs: olaparib (PARP inhibitor), vismodegib (Hedgehog Pathway Inhibitor), clivatuzumab (y90 + h-PAMAA4 fractionated

Page 18

radioimmunotherapy), nivolomab (1gG4 anti-PD-1 monoclonal antibody), BKM-120 (PI3K inhibitor), veliparib (PARP inhibitor), ipilumumab
(Cytotoxic T lymphocyte antigen 4 antibody).
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Table 2
Clinical Findings at Ascites Diagnosis
Findings | n =180 | Percentage
Ascites diagnosis | |
Clinical detection? | 112 | 62
CT scan (radiographically)? | 64 | 36
Laparotomy/sonogram | 4 | 2
Primary presenting symptom | |
Asymptomatic | 36 | 20
Abdominal pain/discomfort/distension | 114 | 63
Shortness of breath | 12 | 7
Weight gain/nausea/vomiting | 18 | 10
ECOG at diagnosis of ascites | |
0-1 | s | 31
2 | 93 | 52
3 | 31 | 17
Radiographic extent of disease at ascites |
diagnosis®
Ascites with no radiographic | 13 | 7
evidence of metastasis
Ascites with peritoneal carcinomatosis | 103 | 57
Ascites with only liver metastases | 37 | 21
Ascites with lung metastases | 15 | 8
Ascites with bone metastases | 5 | 3
Ascites with other organsd metastases | 7 | 4
Time in months from diagnosis to ascites |
presentation, median, 8.8 months
(range, 0-45 months)
0-2 | 40 | 22
3-5 | 20 | 11
6-8 | 28 | 16
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Findings | n =180 | Percentage
9-11 | 24 | 13
>12 | e 3

Abbreviations: CT = computed tomography; ECOG = Eastern Cooperative Oncology Group.
aDiagnosis adjudicated by clinical documentation by the physician.

bCT scan was interpreted as: “moderate,” “large,” or “severe” ascites.

cExtent of disease evaluated by CT scan reports at the time ascites was diagnosed.

dOther organs: adrenal gland and distant lymph nodes.
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Table 3

Laboratory Analyses at Ascites Diagnosis

| n =180 | Percentage | Range

Serum chemistry at ascites
diagnosis (median)

|

BUN (mg/dL) | 13 | - 2-102
Creatinine (mg/dL) | 08 | - | 0.1-10
Albumin (mg/dL) | s - | 17as
Total bilirubin (mg/dL) | 07 | - | 0.2-245
Total protein (mg/dL) | 58 | - | 34-83
Hemoglobin (mg/dL) | 10.2 | - | 6.1-14
Ca19-9 | s2| - | o-23240
Ascitic fluid analysis | | |

patients with luid analysis | | |

Yes | e . | -

No | us| e | -
WBC (mean) | 12000 - | 839000
Albumin (mgidL) mean) | 120 | - | o02-36
SAAG (mean) | e8] - | osss

N

211 | n=s1| & |
Cytology ascitic fluid | n=e2 | |

Positive malignant cells | 36 | 58 | -
Negative malignantcells | 26 | a2 | -

SAAG (gm/dL) < 1.1: Consistent with carcinomatosis, tuberculosis, pancreatitis, and nephrosis.

SAAG (gm/dL) = 1.1: Consistent with portal hypertension, congestive heart failure, or Budd-Chiari syndrome.

Abbreviations: BUN = blood urea nitrogen; SAAG = serum albumin ascites gradient; WBC = white blood cell
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Table 5

Survival Outcomes and Management Following Ascites Diagnosis

| n =180 | %
Median overall survival, mos (95% CI) | |
After cancer diagnosis | 12 (10-14) | -
After ascites developed | 1.8 (1.6-2.3) | -
Systemic chemotherapy after ascites was | |
diagnosed
Systemic chemotherapy given 79 44
Supportive care/expectant management? ‘ 101 ‘ 56
Patients on hospice | 77 | 43
Lines of treatment after ascites developedb | n=79 |
One | 17 | 22
Two | 19 | 24
Three | 23 | 29
Four | 18 | 23
Five | 2 | 2
Survival in months by catheter type€ (range) | |
Tenckhoff (n = 106) | 0.8 (0-8.7) | -
Pleurx/pigtail (n =7) | 0.9 (0.4-8.2) | -

Abbreviation: CI = confidence interval.

a S .
Documented in clinical note as: expectant management, supportive care only, comfort care.

b . . . - . .
Lines of treatment that patient had received by the time ascites was diagnosed.

c .
From date of procedure to time of death.
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