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Pancreatic Cancer is the 4rth leading cause of cancer death in both men and women 
accounting for 6 % of all cancer deaths. Over the past several decades, significant 
progress has been made in prevention, early detection and treatment of most common 
cancers, resulting overall a declining trend in both incidence and mortality from the 
disease. However, progress made in case of pancreatic cancer could be described as best 
"marginal" and it remain as lethal disease as few decades ago. 

Pancreatic Cancer Mortality 

Cancer Death Rates~, for Men, US, 1930-2003 

too 
Rate Per 100,000 

Lung & bronchus 

80 

/ 

40 

Colon & roclum 

20 

ancreas 

0 
5il "' ~ ~ :J! ~ ~ ! ~ ~ ! ! I !! ! .. ~ 

Cancer Death Rates*, for Women, US,1930-2003 

100 Rate Per 100,000 

80 

60 

Lung & bronchus 
41) Ut~tus 

Sreasl 

20 Stomach .. 
Ovary 

:;;>" 
Pancroas --O·J,,,, . I I I I I ' I I I ' I I I I . I I I I I I I . ,, I I I I I ' I • ' ' . . ' . . ' ' . r ' . . 

~ ii - -
0 ... :5 "' 0 ... <> ... 0 .., ... .. ... "' = ~ ... ! .. ... "' .... :! :! "' :! ~ - - -

•Age-Mjusted to i!u> 2000 US siandard pcpulatlon. 
SOUI')e; US Mortality Public Use Oala Tapes 196tl.2003, US MortalilyVolumos 1930·1959, 
National Cen1e1 fOr Heallil Statlslics, Centers 101 Disease Control and Prevention, 2006. 

I ' ' ' ' ' . ' I . ' I 0 ... 0 ... "' "' ... 
~ ~ -

Figure 1 Pancreatic Cancer Death Rates over different years 
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Highly Lethal Disease 

Most of the patient diagnosed with pancreatic cancer die of the disease. The figure below 
reflects the ratios of incidence versus mortality from the disease. For comparison data for 
gastric cancer is shown as well. 
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Figure 2 Pancreatic Cancer Mortality to Incidence Ratio 

As is apparent from the figure, over the years a significant portion of patients diagnosed 
with gastric cancer are cured of the disease (a disease with poor prognosis). However, 
patients with pancreatic cancer tend to do as poorly today as in seventies. 

In addition patients diagnosed with pancreatic cancer succumb to the disease quickly. 
Overall and stage specific survival is given below 
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Figure 3 Cumulative 5 year survival of patients diagnosed with pancreatic cancer (A) All 
patients (B) Unresected (C) Those after resection(!) 

Though looking at above data, it appears that a proportion of patients with pancreatic 
cancer, who undergo pancreaticodudenectomy have long term survival, however this is 
underscored by the fact that only about 15% patients are resectable at diagnosis. 

As compared to other solid tumors, pancreatic cancers has overall worst prognosis of all, 
as shown below. It makes even "Lung Cancer to Look Good" 
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Figure 4 Poor Survival of Pancreatic Cancer Patients as Compared to Other Solid Tumors 

POTENTIAL REASONS FOR POOR OUTCOME IN PANCREATIC CANCER 

Multiplicity of factors make pancreatic cancer a deadly disease. These include 
(1) Diagnosis at advanced stage of the disease-as mentioned above, only about 15% 
patients are candidate for curative resection 
(a) Non-specific presentation 
(b) Most patients without well defmed risk factors 
(c) No screening methods or recommendations 
(d) Anatomy-even small tumors can involve celiac axis/mesenteric vessels 

(2) In spite of significant progress in surgical resection of the disease, the most 
commonly employed surgical technique of pancreaticoduodenectomy remains a 



procedure with significant mortality and morbidity and some patients may not be 
resectable due to associated medical conditions 

(3) Rapid decline in overall health due to systemic effects of disease 

(4) Early systemic spread ofthe disease-more than 60% of patients with less than 2 em 
mass localized to pancreas will eventually succumb to recurrent disease 

(5) No effective therapy exists to reduce the risk of recurrence in patients, who have 
undergone resection (adjuvant treatment) 

( 6) Current systemic treatment options for patients with unresectable or metastatic 
disease are of marginal benefit at best. 

IMPROVING CURRENT STATUS 

Over last few years, rapid strides have been made in treatment of cancer with increased 
understanding of genetic and environmental factors leading to development of cancer, 
and the biology of tumor cell including aberrant cell signaling pathways and means to 
target these. This insight into tumor biology has translated into development of new 
therapeutic agents with some groundbreaking discoveries heralding a new era of so
called targeted agents. This combined with continued improvement in diagnostic methods 
including advancement in imaging techniques, immunohistochemistry, serum markers, 
staging techniques, and evolving techniques of micro-array and proteomics, are changing 
the landscape of cancer management. At this point, we are talking about treatment of 
cancer as a chronic disease and this does not appear anymore as a fanciful idea but likely 
reality. 

However, things do not appear as promising for patients with pancreatic cancer. One 
possible reason could be that we are following false leads. Alternatively, it's just a 
difficult disease, with limited understanding and we do not know how to proceed further. 

I intend to critically review the information available and raise hypothesis-generating 
questions. Given the time and space constrains, I do not plan to present an exhaustive 
review but address areas which appear to me worth exploring further. 

PANCREATIC CANCER BIOLOGY: 

MOLECULAR PATHOGENESIS AND THERAPEUTIC TARGETS 

Pancreatic cancer originates from distinct cancer precursor lesions of ductal epithelium. 
These precursor lesions demonstrate distinct but overlapping, gene alterations. Precursor 
lesions include (1) mucinous cystic neoplasms (2) intraductal papillary mucinous 
neoplasms (IPMNs) and (3) pancreatic intraepithelial neoplasia (PaniNs). PaniNs are 
classified into early and late lesions, starting with PaniN-lA, lB (hyperplasia) and 
progressing to PaniN-2 and then to PaniN-3 or carcinoma in situ (2) 
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Figure 5 Evolution of Pancreatic Cancer and associated Genetic Changes 

K-ras 
Activating mutations in K-ras are found in 75-90% of pancreatic cancers. The mutations 
result in a constitutively activated form of the Ras stimulating a multitude of downstream 
signaling cascades. Post-translational modification of Ras protein involves famesylation 
of the C terminus, mediated by famesyl protein transferase and is a major therapeutic 
target, although famesyl transferase inhibitors up to now have not been successful in 
phase III trials.(3) siRNA based alternative approaches that directly target K-ras are 
showing promise alone and with concurrent XRT. 

Signaling pathways, downstream of Ras, such as the Raf-MEKIERK offer attractive 
therapeutic targets. However, Sorafenib, an inhibitor of Raf-1 kinase and VEGFR-2, 
although it is FDA approved for RCC and HCC has not shown efficacy in pancreatic 
cancer. Dr. Kindler's group evaluated 17 patients on Gemzar/Sorafinib (GI ASCO 2007, 
127), though the regimen was well tolerated, overall survival was only 4 months. 

Membrane Tyrosine Kinases 

EGFR is a transmembrane glycoprotein that consists of an extracellular ligand-binding 
domain with cysteine-rich regions, a hydrophobic transmembrane domain, and an 
intracellular tyrosine kinase domain. It is a member of the ErbB family of receptor 
tyrosine kinases, which includes EGFR (EGFR-1), ErbB-2 (HER-2), ErbB-3, and ErbB-
4. Of these, EGFR-1, ErbB-2 and ErbB-3 have all been shown to be overexpressed in 
pancreatic cancer(4-6). The ligands for EGFR-1, EGF and TGF-~ are also overexpressed 
in this disease.(?). By binding ligands to the extracellular domain, the EGFR causes 
receptor homodimerisation or heterodimerisation (with other ErbB family members). 
Phosphorylation of tyrosine residues in the intracellular domain activates downstream 
signaling pathways, including the Ras-Raf-MEK pathway, the PI3K/Akt pathway 
(mediates cell cycle progression and survival) and the signal transducer and activator of 



transcription (STAT) family of proteins (mediates a variety of features conducive to 
cancer cell survival progression, including cell division, motility, mvaswn and 
adhesion).(8) 

Cetuximab and Panitumumab are monoclonal antibodies available to target EGFR-1, 
while trastuzumab binds to Her-2 Nue. Several small molecules including Gifitinib and 
Erlotinib, target the kinase domain ofEGFR-1. Lapatinib inhibits both EGFR-1 and Her-
2 Nue. All of these compounds have shown promise in treatment of different cancers but 
their role in pancreatic cancer remains to be defmed .. 

Other growth factor receptors and their ligands are also expressed in pancreatic cancer 
and/or PaniN lesions. These include IGF and IGF-1R, FGF family of receptors, the Met 
receptor tyrosine kinase and its ligand HGF/scatter factor and vascular VEGF receptors 
and their ligands. 

VEGF expression occurs in 90% of pancreatic cancers and correlates with microvessel 
density and in moderate I high levels with reduced survival. (9) Bevacizumab, an anti
VEGF monoclonal antibody, though showed initial promise in a phase II trial of 
advanced pancreatic cancer, (1 0) but in a larger CALGB 80303 study (phase III), no 
benefit was demonstrated. 

Several multitargeted tyrosine kinase inhibitors which target different TKis (VEGFR, 
PDGFR, FBGF, IGF-R1, c-kit) with variable specificity (Vandetanib, Sunitinib, 
Brivanib, Sorafmib and multiple others) are in various phases of development. Their role 
in pancreatic cancer remains to be defined. 

PI3K/Akt Signaling Pathway 

The lipid kinase phosphoinositide 3-0H kinase (PBK)/Akt pathway regulates cell 
survival, proliferation, and resistance to apoptosis. The akt 2 gene was shown to be 
amplified or activated in up to 60% of pancreatic carcinomas.(ll, 12) Akt mediates the 
inhibition ofpro-apoptotic proteins BAD and caspase 9. Downstream of Akt, the mTOR 
promotes cell survival and proliferation by modulating cellular signals in response to 
mitogenic stimuli and various nutrients. The mTOR-S6K1 signaling pathway is essential 
for proliferation of pancreatic cancer cells in vitro, (13) The mTOR inhibitor, 
Temsirolimus, is FDA approved for RCC and is under investigation in early-phase trials 
for pancreatic cancer. 

Akt activates the NF-KB pathway and this pathway is also activated in response to cell 
stress, chemotherapy or radiation induced DNA damage. Activation of the NF-KB 
provides a potent anti-apoptotic mechanism, likely responsible for intrinsic resistance of 
pancreatic cancer cells to chemotherapy and XRT. Several pharmaceutical firms are 
developing inhibitors ofiKK-~ to block NF-KB but none of these agents are on horizon. 
Bortezomib, a proteosome inhibitor that functions, at least in part, by stabilizing lkBa 
and thus inhibiting NF-kB activation, has not demonstrated benefit in pancreatic 
cancer.(14) 



Tumor Suppressor Genes 

The p16INK4A/retinoblastoma (Rb) protein pathway is critical in Gl/S progression during 
cell cycle. pl6INK4A interferes with the interaction of CDK4/CDK6 with cyclin D 1, 
blockinfuintry of cells into the S-phase. Mutation in the gene or functional inactivation of 
the fk6 4

A occurs in 80-95% of pancreatic cancers.(15) Loss of pl6INK4A or related 
p14 · directly or through p53, appears a major factor driving uncontrolled growth of 
pancreatic cells. As these are loss of function changes, at present no practical approach 
appears feasible to compensate for these losses and regain normal control of cell division 
and apoptosis. 

Genetic alterations contributing to pro-proliferative and/or anti-apoptotic response in 
development of pancreatic cancer and potential drug development targets are summarized 
in the figures below. 
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Figure 6 Mitogenic Signaling and Potential Therapeutic Targets 
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Figure 7 Mutated Downstream Mediators Contributing to Cellular Proliferation 

p53 
More than 50% patients demonstrate p53 mutations likely contributing to impaired 
apoptosis.(15) 

Smad4/TGF -b Pathway 

Smad4 was originally isolated as a tumor suppressor gene for pancreatic cancer. 
Pancreatic cancer, unlike other cancers, is characterized by a high degree of alteration in 
the MADH4 locus on chromosome 18 (18q21.1) that encodes DPC4/ Smad4. It 
undergoes loss of heterozygosity in 90% of pancreatic cancers, and around 50% of cases 
have complete loss of functional Smad4 protein. (16). The loss of Smad4 has important 
effects on the tumor microenvironment and potentiation of invasion. Smad4 plays a 
pivotal role in mediating signal transmission of members of the TGF -~ superfamily of 
cytokines. TGF -~ ligands and TGF -~ receptors are highly expressed in pancreatic cancer 
and are potent regulators of cancer cell growth, differentiation and migration. Loss of 
Smad4 seems to abolish TGF-~-mediated tumor suppressive functions, while maintaining 
at least some TGF-~ mediated tumor promoting functions. 



Though no approach currently in development to restore loss of Smad 4 function in 
pancreatic cancer appears promising, drugs are in development to target cells lacking 
Smad 4 function. (17). Several other compounds inhibiting TGF-~ R are in various 
phases of development. Given the complex and poorly understood biology of TGF-~, it 
remains to be seen whether these compounds will have a positive impact on pancreatic 
cancer. 

Reactivation Of Developmental Signaling In Pancreatic Cancer 

The Notch and Hedgehog developmental pathways are reactivated in pancreatic cancer. 
Though various components of these pathways provide an attractive target for drug 
development, so far only limited success, if any has been made. 

MORPHOLOGICAL FEATURES OF PANCREATIC CANCER 

Pancreatic cancer has a particularly intense desmoplastic stroma, accounting for a large 
proportion of the pancreatic tumor volume. It comprises of extracellular matrix, together 
with a number of different host cell types, including fibroblasts, small endothelial-lined 
vessels, residual normal epithelia and a variety of inflammatory cells, which are both 
locally derived and recruited from the circulation. The biology of the pancreatic tumor 
microenvironment is being actively researched. 

Stroma can be a potential attractive therapeutic target. It is possible that stromal elements 
not only provide a rich milieu for tumor cells growth and survival but prevent delivery of 
drugs to neoplastic cells. Targeting stromal matrix, in the form of matrix 
metalloproteinase (MMP) inhibitors either with or without gemcitabine, has failed to 
improve patients' outcome. (18) However, in the future, agents in this class may 
demonstrate efficacy, as current agents are too non-specific. 

EARLY DIAGNOSIS AND PREVENTION 

In spite of the fact that pancreatic cancer is highly lethal disease, no serious attempts have 
been made for prevention or early detection of the disease. 

It is critical to identify the population at risk for primary prevention of the disease. The 
known risk factors for the disease are given below. 

MODIFIABLE RISK FACTORS: 

(A) HIGHT/ BMI I PHYSICAL ACTIVITY 
About 15% pancreatic cancers could be attributed to high BMI and lack of physical 
Activity. (19) 



(B) SMOKING: About 25 % of all pancreatic cancers can be attributed to smoking. 
Relative risk of pancreatic cancer varies with other factors as shown in following 
tables(20) 

Table 5. Synergi~lic Interaction Between Smoking, Diab~·tes, and Hunily History of PllllCreatic Cancer (Fl-IPC) Among Women 

lncemction Men Women 
Variables AOR (95% Cl)* p AOR (95% Cl)* p 

Smoking Diabei\ls 
No No l (reference) 
Yes No !.4(1. 1- l.!J) 0.04 2.4 ( 1.7- 3.4) 0.0001 
No Yes 2.6 (1.3- $.2) 0.006 4.2 (L7-l0.4) 0.002 
Ye~ Yes 2.6 ( 1.6-4.4) 0.0001 6.4 (2.3-17.5) O.OOOL 

f-lcavy smoking Diabetes 
Yes No 1.5 (1.1- 2.2) o.m 3.6 2 . 2~S.7) 0.000) 
No ·ves 2.6 ( 1.3··5.3) 0.008 4.1 t 1.7- 10.3 0.002 
Yes Yes 3.6 ( I.S- 7.2) 0.0001 9.3 12.0-44.1 0.005 

Smoking FHPC 
No No I (reference) 
Yes No 1.4(1.1- 1.91 0.01 :l..2 (1.6-J.I) 0.000] 
No Yes 4.6 (I. 10.9) 0.001 2.7(1.1-6.] 0.03 
Yes Yes 2.4 ( 1.1 - 5.4) (J.0-1 10.1 (2.2-45.9) 0.003 

Heavy smoking FHPC 
Yes No 1.6 (1.1-2.2) 0.008 3.4 (2.1 -5.4) O.OOOL 
No Yes 4. 7 (1.9- ll.l ) 0.001 2.9 (1.2-7.5) 0.02 
Y~::s Yes 2.2 (0.7 6.21 0.1 12.8 ( 1.6- 10S.9) O.o2 
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Table 2. EIK-cts of Risk Factors for Pancreatic Adet1ocarcinoma in Multivariable Logi~tlc Re.gr<lssion Analysis 

Patients (N = 808) Controls (N = 808) 

Study Variables N ~vo N ~/.; AOR (9501,, ClJ* 

Past hi8t\lry (Jf diabetes mellitus 
Never 614 76.0 729 90.2 l (referto~) 
Ever 194 24.0 79 9.8 2.6 (J.lJ.-3.4) 

Dwalion of (liabetes. yr 
;:::1 76 9.4 22 2.7 4.0(2. 6.6) 
>[ [ !8 14.6 57 7.1 2.4 (I. 7-3.4) 

2- 5 55 6.8 25 3.1 2.7( 1.7 .4) 
6-10 26 3.2 10 L2 2.8 {I . 3- 5.9) 
>10 37 4.6 22 2.7 1.9{1.1-J.l) 

·n·eatment of diabetes mellitus 
Insulin only !5 1.9 3 0.4 5.9(1.7- 21.1 
Ornl only 82 10,2 51 6.3 I. !.I (1.3-:,!.l; 
Both 21 2.6 3 0.4 7.1 (2. 1- 24.4 

CigareUI.' smoking 
Never 323 40.0 415 51.4 I (reference) 
Ever 485 60.0 393 48.6 1.6(1.2-1.\1) 

Dural ion of smoking, pack-years 
;:::20 199 24.6 203 25.1 1.4 (1.1-- l.t\) 
>20 2fl6 35.4 190 23.5 2.0 ( 1.6-2.6) 

Alcohol consumption 
Never 371 45.9 .364 45.0 I (reference) 
Ev<!r 437 54.1 +14 55.0 1.0 (0.8--1.2) 

Heavy alcohol drlnkingt 
.:<::60 mL ethannlfday 355 43.9 '.1 6 47.3 0.9(0,7-1.2) 
> 60 mL ethanol/day 67 8.3 42 5.2 1.6 ( Ll-2 .5) 
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(D) RELATIVE RISK OF PANCREATIC CANCER WITH GENETIC SYNDROMES 

Table I HereQIIQry cancg- $ynclfoi\19S affecting the poocreos 

5,......_ Gellt mutoflori 

8RCA20!~b201> 
Paladin 
Tfl16 
8RCA 1 onrJ BJtA2 
fAN~ B. C. Dl IBRCA21. 02. E. F. G 
SlXll/11<81 
PRSS I In up to 80\1. 
VH. 
ATM 
TP$3 
O'TA 
APC 
MlH1, 11oSH2. MSH6, PMSt PMS2 

ParicnM!cCDIIC« lfdlme tiok 

Variable dq»rdotr1 on pedigree-up b 50'.1'. 
l'onl•r x allectod wbj«l> <.any 41• P239S ~<»"ion• 
17\l. (p l 6 l<licl.n 1111A<16on) 
Pcdgree~t 
1 - S}. (patio ret <50"""" may mrry IJ'Mil 
36~ 
35% 
7 ~sr. {neuroondo<tina ...,..,.... aro '"''l'""l~ 
7- '""'wal jb.ecw cor.<ar it moll COIM"<Iftl 
-5% 
1 - ~ {incr<mad rlll; J c~rg.,,;,. to& t"""""l 
1 
7 -~.5% 

Thus life style modifications, such as cessation of smoking, reduction in obesity, and 
regular exercise can likely decrease the incidence of pancreatic cancer by 30-40 %. Given 
other limited options, this could be single most important intervention to reduce 
pancreatic cancer deaths 

Currently, there are no chemo-preventive strategies to reduce the risk of pancreatic 
cancer. However, data from recent epidemiological studies provide evidence that 
use of statins can reduce the risk of pancreatic cancer by as much as 59%. (21) 

EARLY DIAGNOSIS: 

(1) Screening by serum markers is not effective in detecting early cancers. 

(2) CT similarly lacks sufficient sensitivity and specificity to detect early pancreatic 
lesions 
(3) To make a significant impact in PC mortality, a screening technique should 
detect pre-cancer lesions 
(4) EUS/ERCP combined with molecular markers in pancreatic juice appears more 
promising in detecting early pancreatic lesions. 
(5) Cost-effectiveness of such techniques is debatable and given below. 
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Thus, no reliable cost effective methods exist at present for screening of pancreatic 
cancer and routine screening is not recommended. Even in patients at high risk for 
disease, screening methods such as those based on EUS and molecular profiling are 
not sufficiently sensitive and specific to justify the invasive nature of these tests and 
the associated costs. (22-24). 

It is unlikely that in near future, we will have widely applicable screening methods 
to impact the overall prognosis of pancreatic cancer and further studies are needed. 

DIAGNOSIS: 

Clinical Presentation: Pancreatic Cancer presents with non specific symptoms, as 
summarized below. 

Prevalence of Pancreatic Cancer Symptoms* 

Head of the e,ancreas Body and tail of the e,ancreas 

Syme.toms Patients (%2 Syme,toms Patients (%) 
Weight loss 92 Weight loss 100 
Jaundice 82 Pain 87 
Pain 72 Nausea 43 
Anorexia 64 Weakness 42 
Dark urine 63 Vomiting 37 
Light stool 62 Anorexia 33 
Nausea 45 Constipation 27 
Vomiting 37 Food intolerance 7 
Weakness 35 Jaundice 7 

Due to the non specific nature of symptoms, there is usually a significant delay between 
onset of symptoms and the establishment of diagnosis. 

65% of tumors originate within the pancreatic head and are diagnosed relatively early 
due to common association with obstructive jaundice and pancreatitis. 15% (body), 10% 
(tail) and 10% (multifocal) are diagnosed late and carry a poorer prognosis. 

Diagnostic Work-Up 

(1) The use of contrast-enhanced multidetector CT is the preferred method for non
invasive staging of pancreatic cancer. 
(2) Magnetic resonance cholangiopancreatography and endoluminal ultrasonography may 
contribute further information in selected cases 
(3) Preoperative endoscopic retrograde cholangiopancreatography brushing for cytology 
should be undertaken in all cases undergoing endoscopic stenting 



(4) Laparoscopy with laparoscopic ultrasound may be appropriate in selective cases to 
improve staging. 
(5) Tissue diagnosis should be established in all cases deemed unresectable. 
( 6) Transperitoneal techniques of tissue biopsy have relatively poor sensitivity and should 
be avoided in cases where resection is possible. 

Tumor Markers: 

CA19-9 has a sensitivity of70-90% and specificity of90%, and is a better marker for 
pancreatic cancer than CA-50, DU-PAN-2 and CEA. However, false positive results are 
often obtained in benign obstructive jaundice, chronic pancreatitis and ascites. CA19-9 is 
useful in assessing response to treatment in advanced disease and identifying early 
recurrence in resected cases and in preoperative staging. New markers such as HCGp, 
CA 72-4, osteopontin, REG4, 145 RCAS 1146 and MIC-114 7 are under evaluation. 

New proteomic techniques identifying unique panels of proteins associated with 
pancreatic cancer and protein profiles providing a distinctive pancreatic signature and 
gene expression profiling may also help to categorize prognostic groups. However, at this 
point, their usefulness is uncertain. 

MANAGEMENT OPTIONS: 

PRE-CANCEROUS LESIONS: 

~ Most non-inflammatory pancreatic cysts are malignant or premalignant, however 
need to be differentiated from pancreatic pseudocyst. 

~ The three main types are serous cystic neoplasms, mucinous cystic neoplasms and 
intraductal papillary mucinous neoplasms (IPMN). 

~ Patients with pancreatic cysts have an increased risk of developing other cancers 
of the pancreas and also extrapancreatic cancers such as colorectal cancer. 

~ Mainstays of diagnosis are CT scan, magnetic resonance 
cholangiopancreatography and endoluminal ultrasonography with fine needle 
aspiration and cyst fluid analysis (cytology, mucin, CEA and Cal9-9). 

~ Serous cystadenomas are nearly always benign and may be managed 
conservatively and kept under radiological surveillance. 

~ Side-branch IPMNs that lack malignant features may also be managed 
conservatively with radiological monitoring provided these are (i) less than 3.5 
ems (ii) absence of nodules and thick walls (iv) CA19-9 < 25 kU/1 and (v) 
absence of recent-onset diabetes, jaundice or of any other symptoms. 

~ Resection is needed for all mucinous cystic neoplasms and main duct IPMN. 

INVASIVE CANCER: 

Staging and Extent of Disease at Diagnosis (25, 26) 



Survival Outcomes for Individual Arms of ESPACl 2 x 2 Factorial Design Random 
Assignment (28) 

Arm 

Observation 

Chemoradiotherapy 

Chemotherapy 

Chemoradiotherapy followed by 
chemotherapy 

Median Survival 
(months) 

16.9 

13.9 

21.6 

19.9 

Meta-analysis of adjuvant Chemo/Chemo-XRT Trials(29) 

Death Survival 

Comparator Arms Hazard 95% p Median 2- 5-Year (%) 
Ratio CI (months) Year 

(%) 

Chemotherapy 0.75 0.64 .001 19.0 38 19 
to 

0.90 

No chemotherapy 13.5 28 12 

Chemoradiotherapy 1.09 0.89 .43 15.8 30 12 
to 

1.32 

No 15.2 34 17 
chemoradiothetapy 

5-Year Survival 
(%) 

11 

7 

29 

13 



Studies with adjuvant treatment of pancreatic cancer, after complete resection, favor use 
of either 5-FU or Gemcitabine based chemotherapy. The added benefit of concurrent 
radiation remains debatable. Nonetheless, it remains standard practice in USA. 

There is a need for large well-designed studies to address whether radiation adds to 
benefit derived from chemotherapy alone. Further progress is likely to result from 
innovative approaches incorporating newer agents in overall treatment strategy. It is 
conceivable that the regimens not effective in metastatic setting owing to complex stroma 
may hold promise in dealing with micro-metastatic disease. 

LOCALLY ADVANCED I BORDERLINE RESECTABLE LESIONS 

In contrast to the mere 7.5 % patients, who are resectable at diagnosis, a sizable 
proportion of patients present with locally advanced (30 %) but without metastatic 
disease. 

Concurrent chemo/XRT is the standard of care in most of the institutions across US. 
Limited data favors 5-FU concurrent with radiation followed by additional 
chemotherapy. However, many of these studies suggest that survival benefit seen in most 
of these patients is from chemotherapy rather than radiation. 

Key trials are summarized below 

Concurrent Chemoradiation for Locally Advanced Pancreatic Cancer 

Study Phase No. of 
Patients 

RT CT OR MS 1-YS 2-YS j 
(Gy) (%) (mo) (%) (%) f >------·------- --·--- -_:___:_:__ ___________ ,, __ , __ , ___ , _ ___ 1 

~GITSG, III 111 60 split None 5.2 10 5 
~ 1981 

I 
~ GITSG, 
~ 1985 

[ 
~ GITSG, 
11988 

I 
iECOG, 
~ 1985 

I 
iLi, 2003 

III 

III 

III 

III 

117 

25 

73 

70 

31 

26 

47 

144 

16 

40 split 5-FU+maintenance 

60 split 5-FU+maintenance 

60 split 5-FU 

60 split DOXO 

54 5-FU-SMF 

SMF 

40 5-FU 

5-FU 

50.4- 5-FU 
61.2 

13 

9.6 

9.2 

8.4 

7.5 

6.5 

5.1 

5.1 

6.5 

6.7 

40 

40 

41 

19 

32 

32 

31 

10 

10 

12 

6 

6 

13 

0 



Many subsequent studies demonstrated the superiority of Gemcitabine over other agents, 
establishing Gemcitabine as standard of care for patients with pancreatic cancer 

IMPROVING ON GEMCITABINE 

Since 1996, several studies has been conducted to improve upon results obtained with 
Gemcitabine, with most of the trials designed as 

(A)Gemcitabine versus drug X 

(B) Gemcitabine + drug X versus Gemcitabine 

Single-agents that have not improved survival when compared to Gemcitabine 
· h m d · dt · 1 m p1 ase ran OIDIZe ria s 
Drug X X Gemcitabine p value favor 

Exatecan 4.95 6.46 NS 

Marimastat 3.5-4.1 5.6 Gem 

BAY 12-9566 3.2 6.59 Gem 

(B) Drugs that have not improved survival when combined with Gemcitabine in 
h lllt"l p1 ase nas 

Drug N G+X G P value 

bolus 5-FU 322 6.7mo 5.4roo 0.11 

24-hr 5-FU 466 5.9mo 6.2mo 0.683 

Peroetrexed 565 6.2roo 6.3 roo 0.85 

Capecitabine 319 8.4mo 7.3 roo 0.314 

Irinotecan 360 6.3roo 6.6mo 0.789 

Exatecan 349 6.7mo 6.2mo 0.52 

Cisplatin 198 7.6mo 6.0mo 0.12 

Oxaliplatin 313 9.0mo 7.1 roo 0.13 
_I ------ - ~ -· " ... 

Recently two positive studies demonstrate benefit of Gemcitabine/Erlotinib and 
Gemcitabine/Capecitabine combination. Results from these studies are summarized 
below 

--



- - ----- - -
G G G G 
Erlotinib Cape 

Patients 285 284 267 266 

Response 8.6% 8.0% 14.2% 7.1% 

Median survival 6.37 mo 5.91 mo 7.4mo 6.0mo 

1-yr survival 24% 17% 26% 19% 

HR 0.81 0.77 

I P value 0.025 0.014 
I -

However, other three large, highly anticipated studies given below, have been negative 
demonstrating no benefit with combining Oxaliplatin, Avastin or Erbitux with 
Gemcitabine. 

ECOG 6201 

Gemcitabine vs. FOR Gemcitabine vs. FOR Gemcitabine 
+ Oxaliplatin 

CALGB 80303 

Gemcitabine + Placebo vs. Gemcitabine + Bevacizumab 

SWOG 50205 

Gemcitabine vs. Gemcitabine + Cetuximab 

Newer Compounds Under Investigation 
• Src tyrosine kinase inhibitors: Dasatinib 
• TRAIL receptor 2 agonist: AMG655 
• VEGF inhibitors: Axitinib, Sunitinib, VEGF-TRAP 

j 



• HDAC inhibitors: MCGD-01 03 
• IGF-1 R inhibitors: IMC-A12 
• c-met inhibitors: ARQ 197 
• Oral fluoropyrimidine: S1 

Systemic chemotherapy in pancreatic cancer offers only marginal survival benefit. 
However, better symptoms control and improved quality of life justifies use in most of 
the patients. The recent improvement seen with Erlotinib and Capecitabine over 
Gemcitabine alone is modest at best and it remains debatable whether added toxicity, 
justifies routine use of these combinations. Nonetheless, there are positive developments. 
Better understanding of disease biology is perhaps more important development and 
paves the way for rational exploration of therapeutic strategies. There are several 
potential ways, which could be exploited to change the landscape of this dreadful disease. 
As these are hypothetical plans without any supportive data, I plan to limit these to 
discussion only. 
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