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PANCREATIC CANCER –BURDEN OF DISEASE 
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CHEMOTHERAPY HAS MADE INCREMENTAL ADVANCES 



Medical College of Wisconsin CONFIDENTIAL. Do not share. 

TNM STAGING IN PANCREATIC CANCER 
Definitions 

Primary Tumor (T) 

TX Primary tumor cannot be assessed 

T0 No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor limited to pancreas, ≤2 cm in greatest dimension 

T2 Tumor limited to pancreas, >2 cm in greatest dimension 

T3 Tumor extends beyond pancreas but no involvement of celiac 

axis or superior mesenteric artery 

T4 Tumor involves celiac axis or superior mesenteric artery 

Regional Lymph Nodes (N) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Regional lymph node metastasis 

Distant Metastasis (M) 

M0 No distant metastasis 

M1 Distant metastasis 

Anatomic Stage/Prognostic Groups 

Stage 0 Tis N0 M0 

Stage IA T1 N0 M0 

Stage IB T2 N0 M0 

Stage IIA T3 N0 M0 

Stage IIB 

T1 N1 M0 

T2 N1 M0 

T3 N1 M0 

Stage III T4 Any N M0 

Stage IV Any T Any N M1 

1. American Joint Committee on Cancer. Pancreatic Cancer Staging, 7th edition; 2010. https://cancerstaging.org/references-

tools/quickreferences/Documents/PancreasSmall.pdf. Accessed October 4, 2017 

2. Chun YS, Pawlik TM, and Vauthey JN, Ann Surg Oncol. 2017; Epub ahead of print 
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SELECTED ADJUVANT CHEMOTHERAPY TRIALS 
Trial N Primary 

Endpoint 

Randomization R0 status (%) Node Positive 

(%) 

Local Recurrence 

Rate (%) 

DFS OS (months) 

ESPAC-1 473 OS Bolus 5-FU 

vs. 

Observation 

81% 53% - - 19.7 vs. 14.0 

(HR -0.66; 95% CI 
0.52-0.83, p = 0.005) 

CONKO-001 368 DFS Gemcitabine 

vs. 

Observation 

82.3% 74.4% 34% 

vs. 41% 

13.4 vs. 

6.7  

(HR-0.55; 95% CI 
0.44-0.69; p <0.001) 

  

22.8 vs. 20.2  

(HR-0.76; 95% CI 
0.61-0.95; p = 0.01) 

JSAP-02 119 OS Gemcitabine 

vs. 

Observation 

84% 69% 23% 

vs. 

32% 

11.4 vs 5.0 

(HR-0.6; 95% CI 0.40-
0.89; p = 0.01) 

22.3 vs. 18.4 

(HR-0.77; 95% CI 
0.51-1.14; p = 0.19) 

ESPAC-3 1088 OS Gemcitabine 

vs. 

Bolus 5-FU/LV 

65% 72% - 14.3 vs. 14.1 

(HR-0.96; 95% CI 
0.84-1.10; p = 0.53) 

23.6 vs. 23.0 

(HR- 0.94; 95% CI 
0.81-1.08; P = .39) 

ESPAC-4 732 OS Gemcitabine + 
Capecitabine 

vs. 

Gemcitabine 

40% 80% 46% 

vs. 

53% 

- 28.0 vs 25.5 

(HR-0·82; 95% CI 
0·68–0·98, p=0·032) 

George and Ritch,  Chapter 9: Neoadjuvant versus Adjuvant Therapy in Localized Pancreatic Cancer,  

Management of Localized Pancreatic Cancer, Springer Nature Publishers, in press 
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SELECTED ADJUVANT CHEMORADIATION TRIALS 

Trial N Primary 
Endpoint 

Randomization R0 (%) N1 (%) RT Dose/ 
Chemo 

Chemotherapy LR (%) DFS 

(months) 

OS 

(months) 
GITSG 43 OS & DFS CCRT  Bolus 5-FU 

vs. 

Observation 

- 28% 40Gy/5-FU Bolus 5-FU - 11 vs 9 20 vs 11 

EORTC 218 OS CCRT  

vs. 

Observation 

81% 47% 40 Gy/5-FU - 15% 

vs. 15% 

17.4 

vs. 16 

24.5 vs. 19.0 

p = 0.208 

ESPAC-1 353 OS CCRT 

Vs. 

Observation 

82.4% 55.6% 20 Gy/5-FU Bolus 5-FU - - 15.5 vs. 16.1 

(HR-1.18; 95% CI 
0.90-1.55; 
p=0.24) 

RTOG-9704 451 OS Gemcitabine 

vs. 

5-FU 

41.7% 66.3% 50.4 Gy/5-FU Gemcitabine 

vs. 

5-FU 

25% 

vs. 30% 

  20.5 vs 
16.9(pancreatic 
head tumors 

(HR - 0.82; 95% 
CI 0.65-1.03; 
p= .09) 

George and Ritch,  Chapter 9: Neoadjuvant versus Adjuvant Therapy in Localized Pancreatic Cancer,  

Management of Localized Pancreatic Cancer, Springer Nature Publishers, in press 
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PRODIGE 24/CCTG PA.6, AN UNICANCER GI TRIAL: A MULTICENTER INTERNATIONAL RANDOMIZED PHASE III TRIAL OF ADJUVANT MFOLFIRINOX VERSUS GEMCITABINE 

(GEM) IN PATIENTS WITH RESECTED PANCREATIC DUCTAL ADENOCARCINOMAS. 

Presented By Thierry Conroy at 2018 ASCO Annual Meeting 
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SLIDE 3 

Presented By Thierry Conroy at 2018 ASCO Annual Meeting 
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KEY INCLUSION CRITERIA 

Presented By Thierry Conroy at 2018 ASCO Annual Meeting 
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KEY EXCLUSION CRITERIA 

Presented By Thierry Conroy at 2018 ASCO Annual Meeting 
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ENDPOINTS 

Presented By Thierry Conroy at 2018 ASCO Annual Meeting 
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DISEASE-FREE SURVIVAL 

Presented By Thierry Conroy at 2018 ASCO Annual Meeting 
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SLIDE 21 

Presented By Thierry Conroy at 2018 ASCO Annual Meeting 
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CHALLENGES IN DELIVERING ADJUVANT THERAPY 

Wayne, Abdalla, Wolff et al, The Oncologist, 2002 
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RECURRENCE PATTERNS AFTER SURGERY 

Groot, Rezaee, Wu et al, Ann Surg 2018 
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RECURRENCE PATTERNS AFTER SURGERY 
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CLINICAL STAGING OF PANCREATIC CANCER 
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CLINICAL STAGING OF PANCREATIC CANCER 

Fathi, Christians, George, et. al, J. Gastrointest Oncol, 2015 

Resectable Borderline Resectable Locally Advanced 
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CLINICAL STAGING OF PANCREATIC CANCER 

Evans, George and Tsai, Ann Surg Oncol, 2015 
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ADVANTAGES OF NEOADJUVANT THERAPY 

Fathi, Christians, George, et. al, J. Gastrointest Oncol, 2015 
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SELECTED NEOADJUVANT TRIALS IN RESECTABLE PDAC 
Author N Neoadjuvant Regimen Resected (%) R0 (%) Survival 

Evans DB, 1992 [39] 28 CCRT (5-FU) 61% 82% - 

Staley, 1996 [40] 39 CCRT (5-FU) 100% 54% 19 months 

Pisters PW, 1998 [41] 35 CCRT(5-FU) + EB-IORT 74% 88% 3-yr survival-23% 

Hoffman JP, 1998 [42] 53 CCRT (5-FU and Mitomycin) 45% 71% 9.7 months 

White RR, 2001 [43] 53 CCRT (5-FU) 53% 72% - 

Pisters PW, 2002 [44] 35 CCRT (Paclitaxel) + EB-IORT 57% 68% 3-yr survival-28% 

Moutardier V, 2004 [45] 61 CCRT (5-FU and Cisplatin) 65% 92.5% 13 months 

Talamonti MS, 2006 [46] 20 CCRT (Gemcitabine) 85% 94% 26 months for resected patients 

Palmer DH, 2007 [47] 50 Gemcitabine  

vs. 

Gemcitabine +Cisplatin   

  

Gemcitabine -
38% 

Gemcitabine + 
Cisplatin -70% 

Gemcitabine -75% 

Gemcitabine + 
Cisplatin -75% 

1-yr survival 

Gemcitabine -42% 

Gemcitabine + Cisplatin -62% 

Heinrich S, 2008 [48] 28 Gemcitabine + Cisplatin 93% 80% 26.5months 

Evans DB, 2008 [23] 86 CCRT (Gemcitabine) 74% 89% 34 months (resected patients) 

Varadachary, GR, 2008 
[24] 

90 Gemcitabine +Cisplatin  

CCRT (Gemcitabine) 

  

66% 96% 31 months (resected patients) 

Le Scodan R, 2009 [49] 41 CCRT (5-FU and Cisplatin) 63% 81% 2-yr survival-32% 

O’Reilly, EM, 2014 [50] 38 Gemcitabine +Oxaliplatin 71% 74% 27.2months 

Christians, KK, 2016 [31] 69 Chemotherapy (various) and 
Chemoradiation 

87% 97% 31.5 months 

George and Ritch,  Chapter 9: Neoadjuvant versus Adjuvant Therapy in Localized Pancreatic Cancer,  

Management of Localized Pancreatic Cancer, Springer Nature Publishers, in press 
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SELECTED NEOADJUVANT TRIALS IN PATIENTS WITH  

BORDERLINE RESECTABLE PDAC 

Author N Neoadjuvant Regimen Number Resected 

(%) 

R0 Resection 

(%) 

Survival 

Kim S, 2016 [51] 26 FOLFIRINOX (n = 26) then RT (n = 4) 26 (100) 22 (92) Median survival not reached at median 

follow-up 27.6 months 

Katz M, 2016 [52] 22 FOLFIRINOX then CRT 15 (68) 14 (93) Median 21.7 months  

Takahashi H, 2013 [53] 80 Gem-RT 43 (54) 42 (98) 5-year: 34 percent 

Kim E, 2013 [54] 39 GEMOX-RT 24 (62) NR Median 18.4 months 

Kang C, 2012 [55] 32 Gem with or without Cis-RT 32 (100) 28 (88) NR 

Barugola G, 2012 [56] 27 Various 27 (100) NR NR 

Stokes J, 2011 [57] 40 Cape-RT 16 (40) 12 (75) NR 

Chun Y, 2010 [58] 74 Various 74 (100) 44 (60 Median 21 months 

McClaine R, 2010 [59] 29 Various 12 (41) 8 (75) NR 

George and Ritch,  Chapter 9: Neoadjuvant versus Adjuvant Therapy in Localized Pancreatic Cancer,  

Management of Localized Pancreatic Cancer, Springer Nature Publishers, in press 



Medical College of Wisconsin CONFIDENTIAL. Do not share. 



Medical College of Wisconsin CONFIDENTIAL. Do not share. Tsai, Christians, George et. al, Annals of Surgery, 2018 

A PHASE II CLINICAL TRIAL OF MOLECULAR PROFILE DRIVEN NEOADJUVANT 

THERAPY FOR LOCALIZED PANCREATIC CANCER 
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PATIENT CHARACTERISTICS 

Table 1: Baseline Characteristics of the Patients (n=130) 

Characteristic 
Total 

n=130 

Resectable 

n=61 

BLR 

n= 69 
p-value 

Age in years, median (IQR) 65 (14) 66 (16) 65 (12) 0.80 

Gender (Female), n (%) 74 (57) 36 (59) 38 (55) 0.72 

Charlson Comorbidity Index, median (IQR) 5 (2) 5 (2) 5 (1) 0.85 

Pre-treatment CA19-9, U/mL median (IQR)¥ 245 (490) 237 (476) 258 (389) 0.50 

Hemoglobin A1c at diagnosis, median (IQR) 5.9 (1.6) 5.9 (1.4) 5.9 (1.7) 0.89 

Tumor size by CT in cm, median (IQR) 2.9 (1.7) 2.4 (1.2) 3.3 (1.1) <0.001 

FNA cellularity adequate for profiling, n (%) 95 (73) 48 (78) 47 (68) 0.17 

Molecular Profiled Therapy Delivered, n (%) 92 (71) 47 (77) 45 (65) 0.14 

Received all care at MCW, n (%) 62 (48) 27 (44) 35 (51) 0.49 

Neoadjuvant Chemotherapy , n (%)   

FOLFIRINOX 52 (40) 16 (26) 36 (52) 

0.02 
FOLFIRI  26 (20) 16 (26) 10 (14) 

Gemcitabine/Nab-paclitaxel 16 (12) 7 (11) 9 (13) 

Capecitabine/Nab-paclitaxel 15 (11) 3 (5) 12 (17) 

Neoadjuvant Chemoradiation, n (%) 83 (64) 19 (31) 64 (93) <0.001 

Preoperative CA19-9, U/mL, median (IQR) 46 (105) 43 (122) 49 (102) 0.60 

Normal Preoperative CA19-9, n (%) 73 (57) 34 (56) 39 (57) 0.78 

Completed neoadjuvant therapy and surgery, n (%) 107 (82) 56 (92) 51 (74) 0.008 

Tsai, Christians, George et. al, Annals of Surgery, 2018 
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CLINICOPATHOLOGIC CHARACTERISTICS 
Table 2.  Clinicopathologic Characteristics of Resected Patients (n = 107) 

Variable(s) Total 

n=107 

Resectable 

n=56 

BLR 

n=51 

p-value 

T Stage, n (%)       0.49 

T0 2 (0) 1 (2) 1 (2)   

T1 10 (9) 5 (9) 5 (10)   

T2 14 (13) 10(18) 4 (8)   

T3 81 (78) 40 (71) 41 (80)   

N Stage, n (%)       0.50 

N0 53 (50) 26 (46) 27 (53)   

N1 54 (50) 30 (54) 24 (47)   

Pathologic tumor size, cm, median (IQR) 2.5 (1.3) 2.5 (1.6) 2.5 (1.3) 0.65 

Histologic Grade, n (%)       0.23 

Well diff 81 (80) 45 (85) 36 (75)   

Moderate or Mod-poor diff 20 (20) 8 (15) 12 (25)   

Pathologic Response, n (%)       0.63 

CR or near CR 19 (18) 9 (16) 10 (20)   

PR or no response 86 (82) 46 (84) 40 (80)   

Perineural Invasion, n (%) 82 (76) 44 (79) 38 (75) 0.49 

Lymphovascular Invasion, n (%) 36 (34) 20 (36) 16 (31) 0.59 

Positive Margin, n (%) 20 (19) 8 (14) 12 (23) 0.22 

Elevated Postoperative CA19-9, n (%) 25 (23) 12 (21) 13 (25) 0.62 

Adjuvant Therapy, n (%) 93 (87) 50 (89) 43 (84) 0.45 

101 patients had histologic grade reported 
 

Tsai, Christians, George et. al, Annals of Surgery, 2018 
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RESPONSE TO NEOADJUVANT THERAPY 

Evans, George and Tsai, Ann Surg Oncol, 2015 
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ROLE OF CA 19-9 
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CA 19-9 AT DIAGNOSIS 

Tsai, George, Wittman et. al, Annals of Surgery, 2018 



Medical College of Wisconsin CONFIDENTIAL. Do not share. 

OS BY ∆ CA 19-9 AFTER NEOADJUVANT THERAPY 

Tsai, George, Wittman et. al, Annals of Surgery 2018 
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OS BY PRE-OP CA 19-9 (NORMAL VS ELEVATED) 

Tsai, George, Wittman et. Annals of Surgery 2018 
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OVERALL SURVIVAL BY PERIOPERATIVE CA 19-9 STATUS 

Tsai, George, Wittman et. al, Annals of Surgery, 2018 
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TREATMENT SEQUENCING IN LOCALIZED PANCREATIC CANCER 

Tsai, Christians, Ritch et. al, JOP, 2016 
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NEOADJUVANT VERSUS ADJUVANT – CHEMORADIATION 

Presented By Cristina Ferrone at 2019 Gastrointestinal Cancer Symposium 

Slide Courtesy: Cristina Ferrone 
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PREOPERATIVE RADIOCHEMOTHERAPY VERSUS IMMEDIATE SURGERY FOR  (BORDERLINE) RESECTABLE PANCREATIC CANCER: (PREOPANC)  

Presented By Cristina Ferrone at 2019 Gastrointestinal Cancer Symposium 

Slide Courtesy: Cristina Ferrone 
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OVERALL SURVIVAL ANALYSES 

Presented By Cristina Ferrone at 2019 Gastrointestinal Cancer Symposium 

Slide Courtesy: Cristina Ferrone 
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CHALLENGES 
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EVOLUTION OF PANCREATIC CANCER 

Yachida, Jones, Bozic et al, Nature, 2010  



Medical College of Wisconsin CONFIDENTIAL. Do not share. 

EVOLUTION OF PANCREATIC CANCER 

Notta, Chan-Seng-Yue, Lemire et al, Nature 2016 
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CLONAL HETEROGENEITY IN PDAC 

Iacobuzio-Donahue, Gut, 2012 
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*Singhi, *George, Greenbowe et. al, Gastroenterology, 2019 

* Equal contribution 

Prospective Comprehensive Genomic Profiling of 3,594 Pancreatic Ductal Adenocarcinomas:  

A Genomic Framework for Precision Medicine Clinical Trials 
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*Singhi, *George, Greenbowe et. al, Gastroenterology, 2019 

* Equal contribution 

Prospective Comprehensive Genomic Profiling of 3,594 Pancreatic Ductal Adenocarcinomas:  

A Genomic Framework for Precision Medicine Clinical Trials 

KRAS WT KRAS MUT 
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MOLECULAR CHARACTERIZATION OF PANCREATIC CANCER 

Author Publication 

Year 

N Methodology Discovery 

Jones, S [16] 2008 24 Exome Sequencing Core set of 12 cellular signaling pathways and processes 

Collison, EA [18] 2011 2 datasets Transcriptomic Profiling (i) Three subtypes - classical, quasi-mesenchymal (QM-PDA) and 
exocrine-like 

(ii) Prognostic value of subtypes 

Biankin, AV [15] 2012 99 Whole Genome 
Sequencing, CNV 
Analysis 

(i) 16 significant mutated genes 
(ii) frequent and diverse somatic aberrations in genes involved in axon 

guidance (SLIT/ROBO signaling) 

Moffitt, RA [19] 2015 206 Transcriptomic Profiling (i) Basal and Classical tumor subtypes 
(ii) Normal and Activated Stromal subtypes 
(iii) Prognostic and predictive value of the subtypes 

Waddell, N [17] 2015 100 Whole Genome 
Sequencing, CNV 
Analysis 

(i) Four subtypes – Stable, Locally Rearranged, Scattered, Unstable 
(ii) Predictive value of Unstable subtype to platinum based 

chemotherapy 

Bailey, P [14] 2016 456 Whole Genome 
Sequencing, Deep Exome 
Sequencing, CNV 
Analysis, Transcriptomic 
Profiling 

(i) Four subtypes – Squamous, Pancreatic Progenitor, Immunogenic 
and Aberrantly Differentiated Endocrine Exocrine (ADEX) 

(ii) Identified 32 recurrently mutated genes grouped into 10 pathways 

George, B.  Chapter 10: Molecular Profiling in Localized Pancreatic Cancer,  

Management of Localized Pancreatic Cancer, Springer Nature Publishers, in press 
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TRANSCRIPTOMIC CLASSIFICATION OF PANCREATIC CANCER 

Bailey, Chang, Nones et al, Nature 2016 
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<BR />PDAC CLASSIFICATIONS FROM PROFILING STUDIES: RESECTIONS 

Presented By Grainne O'Kane at 2019 Gastrointestinal Cancer Symposium 

Slide Courtesy: Jennifer J. Knox 
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EMERGING STRATEGIES 
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• Characteristics unique to each patient and his/her tumor dictates the variability in response to treatment 

 

• To maximize treatment response and minimize toxicity, we need to exploit host immunity and tumor specific  alterations 

 

• Vaccine based treatment strategies recruit the host immune response to fight cancer 

- This has implications in primary prevention, secondary prevention and treatment 

 

• Personalized neoantigen based peptide vaccines take advantage of a patient’s tumor specific immunogenic mutations  

 

 

Passive Immunotherapy 

Strategies 

Active Immunotherapy  

Strategies 

Antibodies anti-antigens 

Expressed in tumor cells 

Adoptive cell therapy 

Vaccination 

 

Whole Tumor 

Whole Proteins 

Peptides 

DNA 

RNA 

Antigen pulsed DCs 

Chen & Mellman, Immunity 2013 

A PHASE 1 STUDY OF PERSONALIZED NEOANTIGEN BASED PEPTIDE VACCINE 

(NPV) IN PATIENTS WITH LOCALLY ADVANCED PDAC - BACKGROUND 

PI George 
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A PHASE 1 STUDY OF PERSONALIZED NPV IN PATIENTS WITH 

LOCALLY ADVANCED PDAC – OBJECTIVES 

• Primary Objective 

- To evaluate the safety profile of personalized NPV in patients with PDAC 

- To assess the induction of vaccine-specific CD4+ and CD8+ T-cell responses (immune monitoring) 

 

• Secondary Objective 

- To assess the feasibility of personalized neoantigen-based pancreatic cancer peptide vaccine 
production 

- To assess the efficacy of personalized neoantigen-based vaccines in patients with PDAC 

 

 

PI George 
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A PHASE 1 STUDY OF PERSONALIZED NPV IN PATIENTS WITH 

LOCALLY ADVANCED PDAC – CORRELATIVE STUDIES 

• Evaluate the immune milieu of the pretreatment tumor 

sample 

 

• Correlate transcriptomic profile of the pretreatment tumor 

with clinical outcome 

 

• Monitor peripheral blood T cell subsets over time 

 

• Monitor plasma cytokines and chemokines 

 

• Monitor peptide specific T-cell activation  

 

• Monitor changes in somatic mutational profile in circulating 

tumor DNA (ctDNA) 

PI George 
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PANCREAS CANCER PROGRAM – TRIAL PORTFOLIO 

Resectable and Borderline Resectable  
Treatment Naïve 

CA19-9 Producer 

PANC Trial  

CA19-9 non-producer 

SOFT Trial 

Prior Neoadjuvant Chemotherapy 

SOFT Trial 

Prior Surgery 

Rising CA19-9 without radiographic disease 

SM-88 RCT (opening April 2019) 

Local Recurrence after prior XRT 

MRI-LINAC trial (opening March 2019) 

Locally Advanced  
Type A – potentially resectable 

SOFT Trial 

Personalized Vaccine Trial (opening June 2019) 

Type B – inoperable 

Radiotherapy dose escalation trial 

Local Recurrence after prior XRT 

 MRI- LINAC trial (opening March 2019 

Metastatic  
First Line 

RX-3117 + nab-paclitaxel 

HALOZYME (closed) 

MORPHEUS Trial 

Second Line 

Previous gemcitabine 

ARMO Trial 

Previous FOLFIRINOX 

BERG (BPM 31510) Trial 

Hyaluronan High tumors 

PEGPH20 + pembrolizumab (Jan/Feb 

2019) 

MORPHEUS Trial  

Third Line 

Hyaluronan High Tumors 

PEGPH20 + pembolizumab (Jan/Feb 

2019) 

Oligometastatic Disease 

SBRT (June 2019) 

Maintenance therapy after best response 

Pembrolizumab + Paracalcitol (March 2019) 
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TREATMENT SEQUENCING IN LOCALIZED PANCREATIC 

CANCER - SUMMARY 

• Pancreatic Cancer is a systemic disease 

 

• Accurate clinical staging and multidisciplinary decision making is pivotal 

 

• Optimal delivery of systemic chemotherapy and chemo-radiotherapy needs 

to be facilitated 

- Surgery is essential but enough for a cure 

 

• A strong interdisciplinary research program is pivotal 

 

• Precision Medicine in Pancreatic Cancer is evolving – there is hope! 
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