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34. SHORT-TERM OUTCOMES AFTER TOTAL PANCREATECTOMY: A EUROPEAN PROSPECTIVE 
MODIFIED-SNAPSHOT STUDY 
Presenter:  Anouk Latenstein | Academic Medical Center 
AEJ Latenstein, L Scholten, M Erkan, J Kleeff, M Lesurtel, B Björnsson, G Capretti,  
NA Chatzizacharias, I Frigerio, S Gasteiger, A Halimi, KJ Labori, K Mentor, L Muñoz-Bellvis, 
AN Nikov, I Passas, M de Pastena, M Petric, R Salvia, F Sanchez-Bueno, M Serra 
 
Background:  Total pancreatectomy (TP) is primarily performed in patients with diseases 
involving the entire pancreas e.g. main duct intraductal papillary neoplasm or 
pancreatic cancer. In high-volume center studies, mortality and morbidity rates were 
acceptable. However, these series lack to demonstrate a reflection of current practice, 
because of a wide inclusion period and only inclusions of high-volume centers. The aim 
of this European prospective snapshot study is to assess generalizable short-term 
outcomes of elective total pancreatectomy in the current era. 
 
Methods:  All patients who underwent elective total pancreatectomy for malignant or 
benign in one of the 42 participating European centers (from 15 countries) between 
June 1st 2018 and June 30th 2019 were included in the study. Hospitals were identified 
as high-volume TP centers if performing  at least 5 TP annually. Uni- and multivariable 
logistic regressions with backward step selection were performed to identify predictors 
for postoperative complications and 30-day mortality. 
 
Results:  In this preliminary analysis, 253 patients who underwent TP were included of 
whom 83% was operated in a high-volume center (17 centers were high-volume). 
Patients were mostly male (57%) and had a median age of 67 years (IQR 57-73). 
Preoperative diabetes mellitus was present in 36%. Primary elective TP was performed in 
43%, in 50% conversion to TP was decided intraoperatively and 7% underwent 
completion elective TP. Venous resection was performed in 22%, mostly a wedge 
resection, and arterial resection in 5%. The majority of patients had malignant disease 
(71%). The most common diagnoses were adenocarcinoma (63%), intraductal papillary 
mucinous neoplasm (18%), or a neuroendocrine tumor (6%). Major postoperative 
complications occurred in 22% of all patients and did not differ between patients with 
malignant or non-malignant disease (23% vs. 21%, p=0.83). In multivariable analysis, ASA 
score ≥3 (OR 2.08 [95%CI 1.03-4.19] p=0.04), blood loss (OR 1.00 [95%CI 1.00-1.00] 
p=0.08), and low-volume centers (OR 2.58 [95%CI 1.17-5.67], p=0.019) were associated 
with major postoperative complications. Postpancreatectomy hemorrhage and bile 



 
leakage occurred in 3% and 7% respectively. Patients were readmitted within 90 days 
after surgery in 15%. Hospital stay was median 12 days (IQR 9-18). Of all patients with at 
least 30 days or 90 days follow-up, 30-day mortality was 5% (10/210 patients) and 90-
day mortality was 9% (17/183). In multivariable analysis, only age (OR 1.09 [95%CI 1.00-
1.18], p=0.046) and BMI (OR 1.15 [95%CI 1.02-1.29], p=0.022) were predictors for 30-day 
mortality. 
 
Conclusion:  In this first multicenter study, including a large cohort of patients who 
underwent TP within a small time period, current practice is reflected. Major 
postoperative complications and 30-day mortality were still considerable and it might 
be suggested to perform TP solely in high-volume TP centers.



 
Scientific Session 3 
 
35. DEFINING POSTOPERATIVE WEIGHT CHANGE FOLLOWING PANCREATECTOMY: 
FACTORS ASSOCIATED WITH DISTINCT AND DYNAMIC WEIGHT TRAJECTORIES 
Presenter:  Maxwell T Trudeau BS | University of Pennsylvania 
MT Trudeau, L Maggino, BL Ecker, MK Lee, R Roses, R Dematteo, D Fraker, JA Drebin,  
CM Vollmer 
 
Background:  Weight change offers the simplest, global indication of a patient surgical 
recovery, and is aligned with long-term quality of life. Yet, no studies have thoroughly 
investigated postoperative weight dynamics following pancreatectomy, with wide 
disparity amongst surgeons’ perceptions of this concept. This study aims to define 
postoperative weight change following pancreatectomy and determine factors 
associated with optimal and poor weight trajectories. 
 
Methods:  From 2004-2019, 1,156 proximal (PD; 66%) and distal (DP; 34%) 
pancreatectomies were performed at a single institution for benign and malignant 
pathologies. Patient weights were acquired preoperatively and at postoperative 
months 1, 3 and 12. Optimal (Top Quartile, weight restoration) and poor (Bottom 
Quartile, persistent weight loss) postoperative weight cohorts were identified at 1-year. 
Multivariable analyses (MVA) were used to identify pre-, intra- and postoperative 
factors associated with these particular courses. 
 
Results:  The median percentage weight change (PWC) 1-year post-pancreatectomy 
was -7% (IQR: -2% to -13%), with similar median PWC between PD (-8.2%) and DP (-4.4%, 
p=0.568). Median weight loss primarily occurs within the first month and then plateaus 
thereafter. Just 19.4% of patients obtained their original weight within one year. No 
factors were significantly associated with postoperative PWC as a continuous variable, 
including: elderly age [>65] (p=0.495), obesity (p=0.409), preoperative diabetes or 
exocrine insufficiency (p=0.536; p=0.883, respectively), jaundice at presentation 
(p=0.492), malignancy (p=0.522), pre- or postoperative TPN/TEN (p=0.890; p=0.509, 
respectively), severe complications (p=0.627), adjuvant therapy (p=0.524), and tumor 
recurrence (p=0.368). Subsequently, weight restoration and persistent weight loss 
cohorts were analyzed (Figure 1). MVA revealed the independent factors associated 
with weight restoration were: non-elderly age (OR 1.73), non-obesity (OR 2.56), jaundice 
(OR 1.63), DP [reference: PD] (OR 2.34), not experiencing 30-day readmission (OR 1.61), 
and lack of tumor recurrence (OR 2.53). Conversely, persistent weight loss was 
associated with: elderly age (OR 1.51), obesity (OR 2.36), PD (OR 2.02), operative 



 
time>325minutes (OR 1.65), experiencing any complication (OR 1.68), receipt of 
adjuvant therapy (OR 1.44), and experiencing tumor recurrence (OR 5.46). Subset 
analysis of pancreatic adenocarcinoma (N=424, 37%) patients revealed factors 
associated with weight restoration to be: non-obesity (OR 2.95), DP (OR 1.74), estimated 
blood loss < 400 (OR 1.71), not experiencing a severe complication (OR 5.73), and lack 
of recurrence (OR 2.32). Weight restoration was associated with longer median overall 
survival (31 vs. 18 months, p=0.039), while patients with persistent weight loss lived a 
median of 16 months. 
 
Conclusion:  These data define postoperative weight kinetics following major 
pancreatectomy, and identify optimal and poor weight trajectories. Overall, 80% of 
patients will not obtain their original weight, which may negatively impact their quality 
of life. Ultimately, weight restoration appears to be predetermined, driven by 
immutable characteristics. Persistent weight loss may also be partially inevitable due to 
demographic/pathological factors, particularly tumor recurrence, but may be 
mitigated by limiting operative time and complications. This study provides insight to 
post-pancreatectomy recovery, helping to guide patient expectations. Moreover, it 
offers a foundation for future studies directed towards nutritional optimization for 
pancreatic resections. 
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36. EPIDURAL ANALGESIA IS ASSOCIATED WITH PROLONGED LENGTH OF STAY AFTER OPEN 
HPB SURGERY IN OVER 27,000 PATIENTS 
Presenter:  Lyonell Kone MD, MHS | University of Illinois at Chicago/Metropolitan Group 
Hospital 
L Kone, V Maker, M Banulescu, A Maker 
 
Background:  The impact of epidural analgesia (EA) on post-operative morbidity and 
length of stay after HPB surgery remains to be determined. These specific outcomes 
have been highlighted by the implementation of multiple enhanced recovery 
pathways (ERAS) that focus on minimizing opioid use and length of stay. We 
hypothesized that epidural analgesia (EA) in the current environment may be 
associated with length of stay and other post-operative outcomes. 
 
Methods:  Demographic characteristics, perioperative, intraoperative, and 
postoperative data were captured from the American College of Surgeons (ACS) 
National Surgical Quality Improvement Program (NSQIP) 2014 to 2017 for patients 
undergoing open hepatic and pancreatic (HPB) surgery. Potential confounders were 
adjusted for in stepwise linear and logistic regressions, and propensity score-matching 
models. The primary outcome was length of stay (LOS). Secondary outcomes included 
post-operative morbidity and disposition. 
 
Results:  Over a four-year period, 27,218 patients underwent major open HPB surgery, of 
which 6,048 (22%) received EA. There was an increase in the use of EA across the years 
(from 2014-2017 = 19.3%, 21.5%, 22.7%, 25.5%, p=0.001). On multivariate analysis (MVA) 
and propensity score matching (PSM) to control for differences between groups in 
baseline characteristics across 46 variables (14 pancreatetomy-specific and 9 
hepatectomy-specific variables), EA was associated with an increased LOS amongst 
pancreatectomy (MVA: Coef=0.57, p<0.001; PSM: ATET=0.40, p =0.01) and 
hepatectomy patients (MVA: Coef=0.48, p< 0.001; PSM: ATET=0.44, p< 0.001), increased 
discharge to rehabilitation (MVA: OR=1.55, p =0.003; PSM=ATET: 0.02, p=0.003) and time 
to drain removal for pancreatectomy patients (MVA: Coef=0.84, p< 0.001; PSM: 
ATET=0.74, p=0.006).   Differences in wound dehiscence, cardiac arrest, urinary tract 
infection and sepsis on multivariate analysis did not persist after PSM. Furthermore, there 
were no differences in DVT, PE, MI, pneumonia, superficial/deep/organ-space surgical 
site infections, or mortality between the groups. 
 



 
Conclusion:  Epidural use after HPB surgery has been significantly increasing over time 
and is associated with an increase in length of stay without affecting morbidity or 
mortality. EA is associated with increased rates of discharge to rehabilitation and time 
to drain removal after pancreatectomy. Further studies evaluating the etiology of these 
outcomes are necessary and warranted to improve outcomes. 
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37. PANCREATICOJEJUNOSTOMY VS PANCREATICOGASTROSTOMY WITH EXTERNALIZED 
STENT IN PATIENTS WITH HIGH-RISK PANCREATIC ANASTOMOSIS: 
A SINGLE-CENTER, PHASE 3, RANDOMIZED CONTROLLED TRIAL 
Presenter:  Stefano Andrianello | The Pancreas Institute, University of Verona Hospital 
Trust 
S Andrianello, G Marchegiani, G Malleo, G Masini, A Balduzzi, S Paiella, A Esposito, 
L Landoni, L Casetti, M Tuveri, R Salvia, C Bassi 
 
Background:  The operative scenarios with the highest post-operative pancreatic fistula 
(POPF) risk represent situations in which fistula prevention and mitigation strategies have 
the strongest potential to impact surgical outcomes after pancreaticoduodenectomy 
(PD). Evidences coming from studies providing risk stratification are lacking. The aim of 
the study is to investigate what is the best reconstruction methods between PJ and PG, 
both with externalized transanastomotic stent, specifically in the setting of high POPF 
risk. 
 
Methods:  The study has been designed as a single-center, phase 3, randomized 
controlled trial. The trial was conducted at the Department of General and Pancreatic 
Surgery – The Pancreas Institute, University of Verona Hospital Trust, Italy. Participants 
were adults undergoing elective pancreaticoduodenectomy and considered at high 
risk for pancreatic fistula after intraoperative assessment of the fistula risk score. 
Intervention consisted in pancreaticojejunostomy or pancreaticogastrostomy, both with 
externalized transanastomotic stent and octreotide omission. The primary endpoint was 
POPF. The secondary endpoints were Clavien-Dindo ≥ 3 morbidity, 
postpancreatectomy hemorrhage (PPH), delayed gastric emptying (DGE) and 
average complication burden (ACB). 
 
Results:  A total of 604 patients were screened for eligibility, 82 were at high risk for POPF 
(FRS 7 – 10), and 72 were randomized to PG (n= 36) or PJ (n= 36). There was no 
significant difference in the incidence of POPF (50.0 vs. 38.9%, p= 0.477) between PG 
and PJ, but in the patients who developed a POPF, the ACB was lower for PJ (0.39 vs. 
0.25, p= 0.039). Additionally, the rates of PPH (38.9 vs 25.0%, p= 0.312) and DGE (44.4 vs. 
50.0%, p= 0.814) were similar, but patients who underwent PG presented a significantly 
higher incidence of Clavien-Dindo ≥ 3 morbidity (47.2 vs. 22.2%, p= 0.047). 
 



 
Conclusion:  In patients at the highest risk for POPF, PG and PJ show similar rates of 
POPF. However, PG was associated with an increased incidence of Clavien-Dindo ≥ 3 
morbidity and with an increased ACB in the patients who developed a POPF. In the 
setting of high risk for pancreatic fistula, pancreaticojejunostomy with the use of 
externalized stent and octreotide omission should be considered the most appropriate 
technical strategy.     Trial registration: NCT03212196 (https://www.clinicaltrial.gov). 
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38. GENE EXPRESSION ANALYSIS OF LASER CAPTURE MICRODISSECTED PDAC TUMORS 
IDENTIFIES MOLECULAR SUBTYPES OF CANCER AND ADJACENT STROMA 
Presenter:  Sebastian Begg BS | Massachusetts General Hospital 
SKS Begg, SKS Begg, DJ Birnbaum, P Finetti, M Mino-Kenudson, KD Lillemoe, AL Warshaw, 
C Fernández-del Castillo, DT Ting, AS Liss 
 
Background:  The heterogeneity in cancer patients’ responses to treatment are 
determined, in part, by molecular differences between their tumors. Large-scale 
transcriptomic analysis of pancreatic ductal adenocarcinoma (PDAC) have identified 
molecular inter-tumor heterogeneity. However, the accuracy of these subtypes, has 
been questioned due to the presence of normal pancreatic tissue and stromal cells in 
the bulk tumors used for these analyses. In this study, we performed laser capture 
microdissection (LCM) and RNA-seq analysis of PDAC samples to define their cancer 
and stroma-specific molecular subtypes. 
 
Methods:  LCM and RNA-seq analysis of tumor and cancer-adjacent stroma 
compartments of 19 treatment-naïve surgically resected PDAC tumors were performed 
and compared with RNA-seq analysis of 41 patient-derived xenograft (PDX) tumor 
models. Gene set variance analysis (GSVA) was performed with annotated gene 
expression sets from the Molecular Signatures Database to identify biological processes 
associated with identified cell clusters. 
 
Results:  Consensus clustering of gene expression identified four subtypes of cancer cells 
(C1-C4) that were specified by a total of 209 genes. GSVA analysis of these cancer 
subgroups revealed the C1 subtype was associated with genes involved in protein 
folding and immune response pathways, C2 with gene programs required for 
pancreatic endocrine cell development and function as well as neuronal membrane 
signaling, C3 with nucleotide biosynthesis and protein translation, and C4 with gene 
programs enriched in oncogenic signal transduction pathways. These four cancer 
subtypes correspond to three of the previously identified major molecular classifications 
of PDAC; C1 and C3 subtypes are associated with the Classical/Pancreatic Progenitor 
subtype; C2 is associated with the ADEX/Exocrine-like subtypes; and C4 is associated 
with the Squamous/Basal-like/Quasi-mesenchymal subtype. Analysis of 41 independent 
PDX models revealed these cancer subtypes were recapitulated in the PDX models. 
Examination of the gene expression data of the cancer-adjacent stroma by consensus 
clustering similarly identified four subtypes of stroma (S1-S4) that were specified by 287 



 
genes. GSVA analysis of these stroma subgroups revealed the S1 subtype was 
associated with gene programs involved in cell fate and differentiation, S2 with antigen 
processing and presentation, S3 with cell division and chromosome pairing, and S4 with 
epigenetic regulation by polycomb group/EZH2 complexes. These stroma specific 
subtypes were associated with disease free survival (DFS, p=1.04E-04), with S1 
associated with better prognoses. A more detailed DFS analysis examining the impact 
of combinations of various cancer and stomal subtypes in an independent validation 
set of 573 patients revealed that C2 tumors that were associated with S1 stromal 
signatures had the highest DFS relative to those with S2 (p=1.43E-02) and S4 (p=3.81E-02) 
signatures. 
 
Conclusion:  Our results identified specific signatures from the epithelial and the stroma 
components of PDAC. Theses signatures defined specific subtypes associated with 
different DFS. By improving the PDAC characterization, our findings also add clarity to 
the nature of molecular subtypes in PDAC and expand our understanding of global 
transcriptional programs in the stroma.
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40. THE IDENTIFICATION OF NON-V600E BRAF MUTATIONS IN GNAS-MUTANT INTRADUCTAL 
PAPILLARY MUCINOUS NEOPLASMS 
Presenter:  Alessandro Paniccia MD | University of Pittsburgh Medical Center 
A Paniccia, M Nikiforova, K McGrath, R Brand, K Fasanella, R Das, H Singh, A Khalid,  
J Chennat, S Sarkaria, W Park, A O’Broin-Lennon, J Klapman, B Centeno, J Nasr, 
N Kubiliun, A Tavakkoli, H Vanderveldt, J DeWitt, M Wallace, A Slivka, A Wald, K Lee,  
D Bar 
 
Background:  Intraductal papillary mucinous neoplasms (IPMNs) are precursor 
neoplasms to pancreatic ductal adenocarcinoma (PDAC) and frequently harbor 
mutations in KRAS and/or GNAS. In fact, the detection of GNAS mutations in 
preoperative pancreatic cyst fluid (PCF) is specific for IPMNs. However, these 
oncogenes are not mutually exclusive and are involved in distinctly, different signaling 
mechanisms. KRAS is associated with the mitogen-activated protein kinase (MAPK) 
pathway and GNAS with the protein kinase A (PKA) pathway. Considering that MAPK 
activation is present in >90&#37; of PDACs and KRAS mutations are reported in up to 
76&#37; of IPMNs, we hypothesized that other molecular alterations may drive the 
MAPK pathway in KRAS wild-type IPMNs, especially those with a GNAS mutation. 
 
Methods:  Within a 16-month period, a multi-institutional cohort of 854 endoscopic 
ultrasound-fine needle aspiration (EUS-FNA) obtained PCF specimens were 
prospectively evaluated by next-generation sequencing (NGS) that includes 22 genes 
implicated in pancreatic cysts and PDAC, such as KRAS, GNAS, BRAF, NRAS, HRAS and 
PIK3CA. The average depth of coverage was >1000X (Ion Torrent Proton). Molecular 
results were correlated with pre- and post-operative clinicopathologic findings. 
 
Results:  KRAS, GNAS, BRAF and NRAS mutations were detected in 423 (50%), 272 (32%), 
49 (6%) and 4 (1%) PCF specimens. No mutations in HRAS were identified. Interestingly, 
the majority of BRAF mutations were non-V600E (n=47, 96%) and included class 2 (n=14, 
29%) and class 3 (n=32, 65%) alterations. Among the 272 GNAS-mutant pancreatic 
cysts, 221 (81%) cases had KRAS mutations and 41 (15%) cases had BRAF mutations. In 
total, mutations in KRAS and BRAF were detected in 253 (93%) GNAS-mutant cysts. 
Diagnostic pathology was available for 102 (12%) PCF specimens: 53 IPMNs, 3 mucinous 
cystic neoplasms (MCNs) and 46 non-mucinous cysts. All 53 IPMNs harbored KRAS 
(n=47) and/or GNAS mutations (n=31). Among 31 GNAS-mutant IPMNs, 25 (81%) had 
KRAS mutations and 4 (13%) had BRAF mutations, which were mutually exclusive. Only 2 



 
(6%) GNAS-mutant IPMNs lacked mutations in KRAS and BRAF; however, both cases 
harbored PIK3CA mutations. No mutations in GNAS and BRAF were present in MCNs 
and non-mucinous cysts. 
 
Conclusion:  Non-V600E BRAF mutations were identified among GNAS-mutant/KRAS 
wild-type IPMNs and, similar to GNAS, may be a specific marker of IPMNs. Moreover, our 
findings suggest that non-V600E BRAF mutations activate the MAPK pathway and may 
be a critical driver in the pathogenesis of IPMNs and pancreatic ductal 
adenocarcinoma.
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42. PRESENCE OF TRANSITIONAL CIRCULATING TUMOR CELLS FOLLOWING RESECTION IS 
ASSOCIATED WITH WORSE SURVIVAL IN PATIENTS WITH DELAYED INITIATION OF ADJUVANT 
THERAPY 
Presenter:  Alina Hasanain MD | Johns Hopkins University School of Medicine 
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MJ Wright, J Yu, JL Cameron, MJ Weiss, WR Burns III, RA Burkhart, L Zheng, J He,  
CL Wolfgang 
 
Background:  Outcomes in patients with pancreatic ductal adenocarcinoma (PDAC) 
remain poor and are predominantly driven by aggressive systemic disease. Despite 
improvements in treatment modalities, factors such as delay in the initiation of adjuvant 
therapy can still affect outcomes. Additionally, studies have reported that the presence 
and characteristics of circulating tumor cells (CTCs) are associated with outcomes. The 
aim of the current study was to assess whether CTC characteristics are associated with 
the impact of a delay in initiation of adjuvant therapy on patient outcomes. 
 
Methods:  A retrospective study was performed on patients with PDAC enrolled in the 
prospective CLUSTER trial (NCT02974764) on CTC dynamics at the Johns Hopkins 
Hospital. CTCs were isolated based on size (ISET; Rarecells) from peripheral blood and 
counted and characterized using immunofluorescence. All patients who received 
adjuvant therapy were included. A delay in receipt of adjuvant therapy was defined as 
initiation >2 months after surgical resection. Clinicopathological features, CTC 
characteristics, and outcomes of these patients were analyzed. 
 
Results:  A total of 84 patients were included in the study, of whom 43 (51.1%) 
experienced a delay in initiation of adjuvant therapy. Both cohorts of patients (delayed 
vs. timely initiation of adjuvant therapy) were well balanced in terms of their 
clinicopathological features (All p-values >0.05). In patients with timely initiation of 
therapy, the only factor independently associated with DFS on multivariable analysis 
was the receipt of neoadjuvant therapy (Hazard ratio [HR]: 2.38, 95% Confidence 
interval [95%CI]: 1.09-5.20, p=0.029). Postoperative transitional CTCs (mCTCs) positivity 
was not associated with DFS in this population (p=0.633). Contrastingly, in patients with 
a delay in initiation of adjuvant therapy, factors independently associated with poorer 
DFS on multivariable analysis included the presence of poorly differentiated or 
undifferentiated tumors (HR: 1.77, 95%CI: 1.13-2.76, p=0.013) and postoperative mCTCs 
positivity (HR: 2.72, 95%CI: 1.02-7.27, p=0.046). In patients with a delay in initiation of 



 
adjuvant therapy, those with postoperative mCTCs positivity had worse DFS compared 
to those without mCTCs (median DFS: 16.7 vs. 10.1 months, p=0.002) (Figure). 
 
Conclusion:  Postoperative mCTCs positivity was associated with poorer DFS only in 
patients experiencing a delay in initiation of adjuvant therapy. This study is the first to 
propose a potential biological mechanism for the previously established observation 
that a delay in initiation of adjuvant therapy results in worse survival.  Future mechanistic 
studies are required to validate these findings and explore the underlying mechanisms 
involved. 
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43. A QUANTITATIVE GLOBAL PROTEOMICS APPROACH IDENTIFIES CANDIDATE URINARY 
BIOMARKERS THAT CORRELATE WITH INTRADUCTAL PAPILLARY MUCINOUS NEOPLASM 
DYSPLASIA 
Presenter:  Katelyn Flick MD | Indiana University School of Medicine 
CM Schmidt, KF Flick, MT Yip-Schneider, CM Sublette, RE Simpson, M Soufi, JM Dewitt,  
AL Mosley, EP Ceppa, J Zhang 
 
Background:  Early detection of pancreatic cancer requires screening of high-risk 
individuals such as those with pre-operative diagnosis of intraductal papillary mucinous 
neoplasms (IPMNs). However, distinguishing between those with low/moderate-grade 
IPMN that can be safely monitored versus high-grade/invasive disease has proven to be 
challenging based on clinical and radiographic features alone. Biomarker analysis of 
pancreatic cyst fluid has shown promise but requires invasive sampling methods. Thus, a 
proteomic discovery study was performed to determine if urine possesses a unique 
biosignature that could form the basis for a non-invasive test able to predict IPMN 
dysplasia. 
 
Methods:  Urine was collected from 99 patients undergoing surgery for IPMN from 2004-
2011 (72 low/moderate-grade, 27 high-grade/invasive).  Quantitative mass-
spectrometry based proteomics was performed using isobaric tandem mass tag (TMT) 
labelling. Proteins of interest for distinguishing low/moderate-grade from high-
grade/invasive IPMN were identified by differential expression analysis followed by 
principal component analysis (PCA).  Selected leading protein candidates were 
evaluated in a subset (n=44, 31, or 92) of the same urine samples by enzyme-linked 
immunoabsorbent assay (ELISA) and then correlated with IPMN dysplastic grade. Mann-
Whitney U test and Pearson correlations were performed. 
 
Results:  Of the >4800 urinary proteins identified by proteomics, 4549 were quantified. 
Differential expression analysis revealed 188 proteins that could distinguish between 
low/moderate-grade and high-grade/invasive IPMN (filtered for p < 0.05). Following 
further analysis by PCA and visualization by heatmap,three proteins were selected for 
further evaluation - Vitamin D binding protein (DBP), Apolipoprotein A1 (APOA1), and 
Alpha-1-antitrypsin (A1AT). The abundance of DBP by proteomics (median, 
[interquartile range]) was significantly higher for high-grade/invasive IPMN compared to 
low/moderate-grade IPMN (219,735 [128,882-269,943] vs 1122,95 [77,905-180,773] 
normalized reporter ion intensity; P = 0.001). Similarly, APOA1 was more abundant in the 



 
high-grade/invasive than low/moderate groups (235,420 [144,933-371,247] vs 150,095 
[103,419-236,591] normalized intensity; P = 0.0007) as was A1AT (567,514[358,544-774,801] 
vs. 358,393[260,850-477,882]; P = 0.0006). Absolute concentrations determined by ELISA, 
as well those normalized to urinary creatinine, for a subset of IPMN urine samples 
demonstrated significant positive correlations with proteomic protein abundance 
(absolute concentration: DBP, r=0.71, P < 0.0001, n=44; APOA1, r=0.64, P = 0.0020, n=31; 
A1AT, r=0.57, P < 0.0001, n=92). 
 
Conclusion:  In a surgical cohort of patients with IPMN, proteomic analysis revealed that 
elevated urinary levels of DBP, APOA1, and A1AT are associated with IPMN dysplastic 
grade. These urinary biomarker candidates may provide the basis for developing a 
non-invasive means of predicting IPMN malignant risk.  Combining such novel 
biomarkers with existing treatment algorithms may improve preoperative risk-
stratification and ultimately patient outcomes.
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44. DELETERIOUS GERMLINE MUTATIONS OF PANCREATIC DISEASES IN CHINESE 
POPULATION: TARGETED DNA SEQUENCING OF 1,979 CASES 
Presenter:  Lingdi Yin MD | Pancreas Center, the First Affiliated Hospital of Nanjing 
Medical University 
L Yin, J Wei, Z Lu, W Gao, S Huang, H Gao, J Wu, Q Li, K Jiang, C Wolfgang, J Yu, Y Miao 
 
Background:  Deleterious germline mutations have been reported in families in which 
multiple members have had pancreatic cancer, as well as apparently sporadic cases. 
However, specific data of Chinese population has been missing. Also, germline variants 
of other pancreatic diseases are still remaining to be further elucidated. This study is to 
explore the genetic background of pancreatic diseases in Chinese population. 
 
Methods:  To define the prevalence of these germline mutations in patients with 
pancreatic diseases, we sequenced 64 genes, including known pancreatic diseases 
susceptibility genes, in DNA prepared from peripheral blood obtained from 1,979 
patients with pancreatic diseases who underwent pancreatic resection at Pancreas 
Center of the First Affiliated Hospital of Nanjing Medical University between 2006 and 
2017, including 1,017 pancreatic ductal adenocarcinomas (PDAC), 119 pancreatic 
neuroendocrine tumors, 454 cases of pancreatitis (acute, chronic, and autoimmune 
pancreatitis), 202 pancreatic cystic tumors (SCN, MCN, IPMN and SPT), and 187 cases of 
other diseases (6 gastric cancer, 6 colorectal cancer, 31 ampullary cancer, 35 
cholangiocarcinoma, 34 duodenum cancer, 8 gallbladder cancer, 11 cases of GIST, 15 
cases of other tumors and 41 cases of other benign diseases). 
 
Results:  Pathogenic mutations were detected in 98 (9.6%) patients with PDAC. Cancer-
associated mutations were detected in 65 (6.4%) of these patients, including 38 
truncated mutations. Ashkenazi Jewish specific BRCA2 mutation (6174delT) was not 
detected in this cohort. Pathogenic variants of homologous recombination deficiency 
related genes including ARID1A, ATM, BRCA1/2, BRIP1, PALB2, and FANCC, were found 
in 47 (4.6%) PDAC patients. Besides, for pancreatitis-associated genes, 36 PDAC patients 
(3.5%) were detected with germline variants in CFTR or SPINK1. For patients diagnosed 
with non-pancreatic cancer, the proportion of patients with germline mutations 
detected (2.5%, 24/962) was significantly lower than that of patients with pancreatic 
cancer. 19 (19.3%) of 98 patients with chronic pancreatitis were detected with variant 
of SPINK1 c.194+2T>C. 



 
Conclusion:  This is the first large sample study to detect germline mutations of 
pancreatic diseases with NGS in the Chinese population. Studies have shown that 
sporadic pancreatic cancer in the Chinese population also have some germline 
pathogenic mutations. And the variants are different from the data reported in the 
Caucasian population. Also, this is the first genetic study providing data on pancreatitis, 
benign tumors or tumors with low malignant potential which showed that in pancreatic 
non-cancer diseases, there are certain germline mutations associated with clinical 
characteristics.
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45. TRANSCRIPTOMIC VARIATION EXISTS BETWEEN UNTREATED AND FOLFIRINOX-TREATED 
PANCREATIC DUCTAL ADENOCARCINOMA SPECIMENS AS REVEALED BY SINGLE-CELL RNA 
SEQUENCING ANALYSIS 
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AL Warshaw, M Mino-Kenudson, C Fernandez-del Castillo, V Cremasco, D Ruddy, AS Liss 
 
Background:  Understanding the relationship between pancreatic ductal 
adenocarcinoma (PDAC) cancer cells and the surrounding microenvironment is an 
active area of research especially in the setting of neoadjuvant therapy (NAT). Single-
cell RNA sequencing (scRNA-seq) technology can help elucidate features of cancer 
cells while also identifying different cell types within a tumor microenvironment. In PDAC 
specifically, it can be used to compare transcriptomic differences between untreated 
and NAT-treated specimens, which may yield insight into treatment effect on these cell 
populations. 
 
Methods:  Fresh untreated and FOLFIRINOX-based NAT treated PDAC tumors were 
collected after successful pancreatic resection. All samples were histologically verified 
as originating from the tumor mass prior to processing. Specimens were dissociated, 
prepared and loaded onto the 10X Genomics single-cell RNA-seq platform, and 
sequenced with an Illumina Next-Generation sequencer. Transcriptomic analysis was 
performed using the standard workflow provided in the R package Seurat. 
 
Results:  Sixteen PDAC tumor samples yielded adequate tissue for scRNA-seq. These 16 
cases included eight untreated and eight FOLFIRINOX-treated tumors. After quality 
control and filtering, each sample comprised approximately 7500 cells, and preliminary 
transcriptomic analysis was performed on a median of 1500 genes per cell. Patient age, 
sex, and tumor stage were comparable across the specimens. Of patients that 
received NAT, five underwent eight cycles of FOLFIRINOX, and three patients received 
twelve cycles. Following chemotherapy, all treated patients received a short-course of 
consolidative radiation therapy.  Cancer cells were identified in both untreated and 
treated specimens based on common transcriptomic features such as CEACAM5 
expression. In terms of the tumor microenvironment, cancer-associated fibroblasts 
(CAF) were identified in all samples based in part on COL1A1 and CXCL14 expression 
but had unique transcriptomic features in the setting of NAT. Regarding immune cells, 
canonical makers for B-cells, T-cells, NK cells, and myeloid-derived cells were also 



 
surveyed and identified in varying proportions in the context of treatment. Additionally, 
endogenous pancreatic cell types such as stellate (RGS5) and endothelial (VWF) cells 
were seen across all specimens while islet cells (INS), non-malignant ductal cells (CFTR), 
and acinar cells (PRSS1) were observed only in a subset of untreated tumors. 
 
Conclusion:  scRNA-seq reveals transcriptomic variation between untreated and 
FOLFIRINOX-treated PDAC cell types, which can enhance our understanding of the 
effect NAT has on cancer cells and the tumor microenvironment.
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46. CLINICAL SIGNIFICANCE OF LEUKEMIA INHIBITORY FACTOR (LIF) AND ITS RECEPTORS 
IN PANCREATIC ADENOCARCINOMA 
Presenter:  Dong Wang MD | Johns Hopkins University School of Medicine 
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Background:  Pancreatic adenocarcinoma is the third leading cause of cancer-related 
death worldwide with extremely poor prognosis and it is critical to identify reliable 
prognostic biomarkers and develop novel therapy targets. Leukemia inhibitory factor 
(LIF) and its receptors, LIFR and gp130, have been reported in cancers. However, the 
related studies in pancreatic adenocarcinoma are rare and the prognostic effects of 
LIF, LIFR and gp130 are not very clear. 
 
Methods:  To investigate the expression of LIF/LIFR with clinicopathological parameters 
and prognosis in pancreatic adenocarcinoma, gene expression profile data with 
corresponding clinical data were systematically searched and downloaded from 
publicly available databases including NCBI GEO, ArrayExpress, ICGC, and TCGA. 
Expression of LIF/LIFR, gp130 among tumor , adjacent and normal tissues were 
compared with paired or unpaired Mann Whitney U test, or one-way analysis of 
variance with multiple comparison tests. Associations of LIF/LIFR, gp130 expressions with 
clinical parameters were determined by Chi-square test or Fisher’s exact test. 
Associations of their expressions with OS were explored by Kaplan-Meier (KM) plot 
curves, Univariate and multivariate Cox hazard proportional regression analyses. To 
investigate the related genes during LIF or LIFR alteration that might be involved in 
pancreatic adenocarcinoma, LIF /LIFR co-expressed genes were annotated by the 
Metascape online database. 
 
Results:  Eight cohorts containing 1278 cases were identified and the analysis results 
suggested LIF was highly expressed while LIFR and gp130 were lowly expressed in 
pancreatic adenocarcinoma tissues compared with adjacent or normal tissues. There 
was a trend of associations between LIF/LIFR expressions and KRAS mutations. Negative 
associations of LIF/LIFR, gp130 with promoter methylation and predicted targeting 
microRNAs were identified, suggesting they might be regulated by their promoter 
methylation and microRNAs. KM plot curves and univariate and multivariate Cox 
proportional regression analyses indicated high LIF expression was associated with 
shorter OS (adjusted HR=1.641, 95%CI=1.399-1.925, P < 0.001) whereas high LIFR 
expression was associated with longer OS (adjusted HR=0.653, 95%CI=0.517-0.826, P < 



 
0.001). Contrarily, no association was found between gp130 expression and OS. The 
associations of LIFR/LIFR expressions with phosphorylation levels of STAT3, AKT, and 
ERK1/2 were firstly explored. Our results revealed none associations of LIF expression with 
phosphorylation levels of STAT3, AKT, and ERK1/2, suggesting that LIF functioned might 
not via LIFR axis dominatingly. While LIFR mRNA expression was positively associated with 
AKT phosphorylation but not with ERK1/2 and STAT3 phosphorylation, suggesting LIFR 
might function via AKT cascades, at least partly. Annotation of LIF/LIFR co-expressed 
genes indicated that the top enriched GO biological processes or Reactome gene sets 
during LIF alteration were vasculature development, ossification, response to wounding, 
cellular response to growth factor stimulus, and extracellular matrix organization, and 
the top enriched GO biological processes during LIFR alteration in pancreatic cancer 
were transmembrane receptor protein tyrosine kinase signaling pathway, Hemostasis, 
Adaptive Immune System, cell migration, and cellular response to organonitrogen 
compound. 
 
Conclusion:  LIF was up-regulated and high LIF expression was associated with poor 
prognosis while LIFR was down-regulated and high LIFR expression was associated with 
favorable prognosis in pancreatic adenocarcinoma. LIF and LIFR might be therapeutic 
targets and prognostic markers for individual therapy of pancreatic adenocarcinoma.
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Background:  Pancreatic ductal adenocarcinoma (PDAC) is one of the leading causes 
of all cancer-related deaths in the US, with a dismal five-year survival of 8-10%. Due to 
the lack of specific symptoms, a majority of patients are diagnosed at advanced 
stages of disease. The development of robust liquid biopsy-based screening tools like 
CancerSEEK could help detect early-stage disease in asymptomatic patients. The aim 
of the current study was to evaluate the impact of an incidental diagnosis of PDAC on 
patient outcomes. 
 
Methods:  An institutional registry was used to identify all patients who underwent 
pancreatic resection for PDAC at the Johns Hopkins Hospital between 2010 and 2015. 
Patients were stratified based on their presenting symptoms, and outcomes were 
analyzed. 
 
Results:  Seventy-nine (9.6%) of 823 patients included in the study were diagnosed 
incidentally by imaging for symptoms not related to pancreatic cancer. The most 
common presenting complaints for symptomatic patients were jaundice (45.08%), 
abdominal pain (44.0%), and weight loss (33.41%). For the incidentally diagnosed 
patients the most frequent reason for diagnosis was surveillance imaging performed for 
a prior known non-pancreatic malignancy. On comparison, incidentally diagnosed 
patients were more likely to present with smaller tumors and less likely to have positive 
nodes, lymphovascular involvement, and elevated CA19-9 (all p < 0.05). On 
multivariate analysis factors that were significantly associated overall survival (OS) 
included incidental diagnosis (HR: 0.53, p < 0.001), tumor size >3cm (HR: 1.08, p=0.005), 
nodal involvement (HR: 1.26, p=0.024), perineural invasion (HR: 1.35, p=0.019), positive 
margins (HR: 1.32, p=0.009), and AJCC T-stage (HR: 1.28, p=0.006). The median OS of 
patients with an incidental diagnosis was 38.0 months (IQR: 20.7-62.9) months as 
compared to 19.1 months (IQR: 11.4-37.3) for those with symptomatic disease (p < 
0.001) (Figure 1). 



 
Conclusion:  Currently, less than 10% of patients diagnosed with resectable PDAC are 
diagnosed incidentally. Incidental diagnosis results in identification of early-stage 
disease and is independently associated with a significantly longer OS, thus further 
reinforcing the need for development screening tools that can increase the rate of 
diagnosis at an asymptomatic stage. 
 
 




