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flcer of the Pancreas 

LOGY AND RISK FACTORS 

cancer (PC) is the fifth leading cause of cancer 
in the United States, WIth 28,000 to 30,300 newly diag­
cases (ductal adenocarcinoma being the most common 
per year.1 Approximately an equal number of deaths 

annually from PC.1 The inCIdence rate for PC is approxi­
nine new cases per 100,000 people, with the peak inci­

in the seventh and eighth decades ofhfe and an average 
of 60 to 65 years at diagnosis 1 The incidence rate is slightly 

in men than in women (relative risk, 1.35) and 30% to 
higher in African American men. 

Survival in patients with untreated PC is poor. For all stages 
OIIlUlIl.CU, the I-year sUfVlval rate is 19% and the 5-year sur­

rate is 4%.1 The majority (80%) of PCs are metastatic at 
time of diagnosis. Surgical resection (when margin nega­
node negauve) offers the best possibility for cure, with 5-
survival approaching 40% when performed at specialized 

medical institutions.2,3 

the United States, incidence rates of PC increased three­
between 1920 and 1978, an increase that has also been 

in other developed countries.3.4 Rates for men and 
women have modestly declined since 1978 and appear to 

stabilized at the current rates. A portion of the increased 
may have been attributable to more accurate disease 
and less disease misclassificauon. Additionally, 

lmr,r"",prl surveillance may account for a small portion of the 
,lnrr"~OA..1 incidence. 

A positive relationship exists between certain environmental 
exposures and cases of PC, including personal cigarette smok­

environmental tobacco smoke (ETS), and chemical expo-
3,4 Cigarette smoking in the United States and in other 

increased greatly m the first half of the twentieth cen-
In fact, 40% of adult Amencans were smokers m 1965. 

... ""it."" .. ,, cigarette smoking likely accounts for a large portion 
of the mcreased incidence of PC. By 1990, the prevalence of 

among Americans had decreased to 25%, with modest 
declines again noted in 1999.3 Because of the long latency 
period before diagnosis, it remains to be seen if this will trans­
late into lower PC incidence rates in the future. 

EptdemlOlogy and Rlsk Factors 

ETIOLOGIC (RISK) FACTORS 

Tobacco Smoke Exposure 
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Tobacco smoke exposure plays a significant role in the devel­
opment of PC. It has been estimated that tobacco smoking con­
tributes to the development of 20% to 30% of PCS.4 The 
strongest associations between cigarette smokmg and PC have 
been observed when the pack-years smoked were within the 
previous 10 years.3 Smoking cessation can reduce this risk. 
Indeed, Mulder et a1.5 have estimated that moderate reduction 
in smoking in Europe could save almost 68,000 hves that would 
otherwise be lost to PC by the year 2020. 

Environmental Tobacco Smoke 

ETS contains the same toxins, irritants, and carcinogens, such 
as carbon monoxide, nicotme, cyanide, ammonia, benzene, 
nitrosamines, vinyl chloride, arsenic, and hydrocarbons, as do 
cigarettes. Thirty-seven percent of American adult nonsmokers 
report that they either live with a smoker or are exposed to 
ETS at work.6 A Department of Health and Human Services' 
Centers for Disease Control and Prevention study estimated 
that nearly 9 out of 10 nonsmoking Americans are exposed to 
ETS, as measured by the level of cotinine in their blood.6 

Demographic and Host Risk Factors 

A number of demographic risk factors have been associated with 
the development of PC worldwide and are summarized in Table 
29.3-1. Included are older age (most PCs occur between the ages 
of 60 and 80), African American race, low socioeconomic status, 
and AshkenaziJewish heritage (related to germline mutations).4 

Diabetes Mellitus 

Host etiologic factors associated with an increased risk of PC 
include a history of diabetes mellitus (DM), chronic cirrhosis, 
pancreatitis, a high-fatl cholesterol diet, and prior cholecystec­
tomy.3.4 The association between DM, pancreatitis, and the 

TABLE 29.3-1. Factors Associated with Increased Risk of 
Pancreatic Cancer 

Advancmg age 
Mncan American males 
Low socioeconomic status 
Native female Hawaiians 
AshkenaziJeWlsh heritage 
CIgarette smoking 
SIX genetic syndromes (see Table 29 3-2) 
Diabetes mellitus 
Chronic pancreatitis 
CirrhOSIS 
Obesity 
Increased heIght 
Low level of phYSIcal actIvity 
HIgh-fat and cholesterol dIet 
Occupational exposure to carcmogens (PCBs, DDT, NNK, benzidme) 

DDT, dichlorodiphenyl trichloroethane; PCBs, polychlonnated 
biphenyls. 

I 
I 
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development of PC is complex because PC, by destroying the 
pancreatic parenchyma, can itself cause DM and pancreatitis. 

Metaanalysls of 20 epidemiologIc studIes on the associatIOn 
between DM and PC confirms that the pooled relative risk of 
PC m persons WIth DM for 5 years is double (relatIve nsk, 2.0; 
confidence mterval, 1.3 to 2.2) the risk of persons without 
DIYP The analysIs further suggested that ImpaIred glucose tol­
erance, insulin resIstance, and hypennsuhnemia are involved 
m the etiology of PC 

Obesity and Physical Activity 

HIgh body mass mdex (a measure of obesIty), mcreased height, 
and a low level of physical activity all increased the risk of PC, as 
demonstrated in a cohort study of 160,000 health professionals.7 

Moderate physical activity resulted m decreased PC rates, and 
merely walking or hiking 1.5 hours or more per week was assoCl­
ated WIth a 50% reduction in Pc. Likewise, body mass index had 
no effect if the participant was a moderate exerciser. For Clgarette 
smoking, the strongest associations with PC were observed when 
the pack-years smoked were withm the previous 15 years. These 
findings clearly suggest that weIght loss and exercise may reduce 
the risk of developing PC independent of smoking cessation. 

Occupational Factors 

A metaanalysis of 20 populatIOn studIes of occupational expo­
sures and PC from Journal publications during the penod 1969 
to 1998 was performed.s Exposure to chlorinated hydrocarbon 
solvents, nickel and nickel compounds, chromium compounds, 
polycyclic aromatic hydrocarbons, organochlorine insecticides, 
SIlica dust, and aliphatic solvents conveyed elevated risk ratios. 
Overall, the occupational etiologic fraction for PC was estimated 
at 12%, but it mcreased to 29% when the chlorinated hydrocar­
bon solvents were considered in a subpopulation. 

Elevated serum levels of organochlonde compounds (dichlo­
rodlphenyltrichlorethane, dichlorodiphenyldlChloroethylene, and 
polychlorinated bIphenyls), are also associated with the develop­
ment of PC 9 Approximately 90% of PC patients have an 
acquired K-ras oncogene mutation. In a case-control study, PC 
patients WIth K-ras mutations had significantly higher levels of 
dichlorodlphenyltrichlorethane, dichlorodiphenyldlChloroeth­
ylene, and three polychlorinated biphenyl compounds com­
pared to PC patients WIthout the K-ras mutatIOn and to those in 
the control group. These compounds are postulated to enhance 
the actions of K-ras rather than cause the mutation, suggesting a 
gene-environment interaCtion or effect modIfication. It may also 
be that these compounds mteract with premalignant ductal pre­
cursor leSIOns and accelerate theIr malignant progression. 

Other Possible Factors 

Factors that have been repeatedly studied, with no consIstent asso­
ciation with the development of PC, include moderate alcohol 
intake, nonheredItary and acute pancreatitIS, and coffee drinking 

GENETIC PREDISPOSITIONS 

PC IS charactenzed by mhented and acquired genetic muta­
tions.lo Genetic predIsposition plays a small but SIgnificant role 
m PC risk ActIvatIOn of the oncogene K-ras plus inactivation of 

tumor suppressor genes (p53, DPC4, p16, and BRCA2 •. 
associated vYIth the development of PC Nearly 90% of aU ~ at~ 
of PC have p16 mutations, 75% have p53 mutatIOns, and;ses 
have DPC4 mutations. Fewer than 4% of PC cases ap 5% 
involve dysfunction of the various DNA mIsmatch repal~ear to 
[microsatellite instabilIty (MIN) J. genes 

It is estimated that 10% to 20% of PCs are hereditary Or h 
a famIlial link. Multiple lmes of eVIdence support thi~ C laIC 

. 010 
studies have shown an mcreased risk of developmg PC an. 
mdlviduals who report a family history of Pc. Tersmette e~~n~ . 
have shown that this risk increases with the number of af£ . 
members m the famIly. Risk was estimated by comparing

ected 
new 

observed cases of PC to expected cases based on the Un' 
. . . !led 

States populatIon-based SurveIllance, EpidemIOlogy, and End 
Results program data. An IS-fold increased fisk of PC Was fOund 
m familial PC kindreds compared to sporadic groups ~nell 
three or more family members were affected with PC, there was 
57-fold increased nsk. When stratified accordmg to age, the ns~ 
of PC was largely confined to relatives older than 60 years of age. 

Segregation analyses suggest that aggregation of PC III famihes 
has a genetic rather than an environmental basis.12 Nongenetic 
transmission models were rejected (P <.0001) in the segregation 
analysIs of 287 families, ascertained through an index case dlag. 
nosed WIth Pc. The most parsimonious model included autosomal 
dominant inheritance of a rare allele (still to be idenufied), esti. 
mated to be carried by approximately 0.5% of the populauon.12 

INHERITED SYNDROMES 

Although accounting for less than 20% of the familial aggrega. 
tion of PC, several genetic syndromes (caused by germhne muta. 
tions) associated with an increased nsk of PC have been 
identIfied.3,lO These are summarized in Table 29.3-2 and mclude 

1. Familial breast cancer with germline mutatIOns m the 
BRCA2 gene. Carriers of germline BRCA2 mutations 
have a 3.5- to 10.0-fold increased risk of developmg PC, 
and 17% (l in 6) of patients with PC and a strong family 
history of PC (at least 3 family members with PC) have 
been shown to have germlme BRCA2 mutatIOns. This 
makes BRCA2 mutation the most common germline 
mutation in patients with hereditary PC. 

2. FamilIal atypIcal multiple mole melanoma syndrome WIth 

germline mutations in the p16 gene. Camels of p16 
germline mutations have a 12- to 20-fold increased nskof 
developing PC, as well as an ll1creased risk of melanoma 

TABLE 29.3-2. Genetic Syndromes and Gene AlteratIOns 
Associated with FamilIal Pancreatic Cancer 

--------------------------------------------------
Syndrome 

Hereditary pancreatitis 

Hereditary non polyposis colorectal 
cancer (Lynch II vanant) 

Hereditary breast and ovanan cancer 
Familial atypical multiple mole mela-

noma (FAlVIMM) syndrome 

Gene Alteratwn 
(Chromosomal Lorus) 

PRSSI (7q35) 
hMSH2, hMLHL other, 

BRCA2 (13q12qI3) 
p16 (9p21) 

Peutz:Jeghers syndrome STKll/LKBl (l9pI3) 
AtaXia-telangiectasia ATM (11q22-23) 

--------------------------------------------~ 
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SolId Exocrine Neoplasms of the Pancreas 

Age (Y) Dzrectzon of Differentzatzon 
Most Common 
Genetic AlteratIOns 

Overall5-Y 
Survzval Rates (%) 

Most, 60-80 

Mean, 58 

Infiltratmg glands With an 
intense desmoplastic reactIOn 

Pancreatic exocrine enzymes, 
indudmg trypsin, chymo­
trypsm, and lipase 

Activating mutations m K-ras, 
mactivatlOn of DPC4, p16, p53 

One-fourth have APC/~-cate­
mn mutations 

4 

6 

Mean age, 25m chil­
dren, 40 m adults 

Multiple, mduding acmar; dis­
tinctive squamOid nests 

LOH on IIp 55 

ad,anced pancreatic cancer; LOH, loss of heterozygosity. 

The Peutzjeghers syndrome (PJS), characterized by muco­
cutaneous melanocytic macules and hamartomatous polyps 
of the gastrointestinal (GI) tract. Patients with the PJS have 
a greater than 100-foid increased risk of developing PC. 
The hereditary nonpolyposis colorectal cancer syndrome, 
characterized by germline mutations in one of the DNA 
mismatch repair genes (hMSHl, hMSH2, etc.). 
Hereditary pancreatitis with germline mutations in the 
PRSSI (cationic trypsinogen) gene. Patients develop severe 
pancreatitis at a young age (often children and adoles­
cents) and have a 50-fold excess risk of developing PC. 
Ataxia-telangiectasia, a rare autosomal recessive inherited 
disorder, characterized by cerebellar ataxia, oculocutane­
ous telangiectasias, and cellular and humoral immune 
deficiencies. The gene, ATM, is also associated with an 
increased risk of leukemia, lymphoma, and cancers of the 
breast, ovaries, biliary tract, stomach, and, occasionally, the 
pancreas. 

syndrome, that of PC, pancreatic insufficiency, and 
has been described in a family (called Family X), and the 

has been linked to chromosome 4q32-34.3 

TA FROM THE NATIONAL FAMILIAL 
n"'~.'\L'nc.-, TUMOR REGISTRY 

above genetic syndromes do not explain the vast megority of 
in which there is a familial aggregation of Pc. The National 

Pancreas Tumor Registry has therefore been established 
Hopkins, with the hope of identifYing the causes for the 

of PC in families. To date, more than 1200 families 
in this registry. Early analyses of the kindreds 

in the National Familial Pancreas Tumor Registry have 
that the risk of cancer is IS-fold greater m first-degree rela-

of familial PC cases (at least 2 first-degree relatives with PC in 
family) than it is in first-degree relatives of sporadic PC cases 

in which there has been only 1 member With PC).n In 
the mcreased risk of PC in familial PC kmdreds extends 

second-degree relatives, as a significantly increased rate of PC 
identified in second-degree relatives of familial cases com­

With sporadic pancreatic cases (3.7% vs. 0.6%; P<.OOOI). 

we tend to think of "PC" as a single entity, in fact, an 
of biologlCally and clillically distinct neoplasms can arise 

in the pancreas. Neoplasms of the pancreas can be broadly 
grouped into those with predominantly exocrine differentia­
tion and those with endocrine differentiation. Exocrine neo­
plasms of the pancreas can be further subdivided into cystic 
and solid tumors. The vast majority of malignancies of the pan­
creas are solid infiltrating ductal adenocarcinomas, and the 
term PC IS therefore often used synonymously with infiltrating 
ductal adenocarcinoma. 

SOLID NEOPLASMS OF THE EXOCRINE PANCREAS 

The most common solid neoplasms of the exocrine pancreas 
are the infiltrating ductal adenocarcinoma and variants of duc­
tal adenocarcinoma, acinar cell carcinoma, and pancreatoblas­
toma (Table 29.3-3). Infiltratmg ductal adenocarcinomas are 
malignant epithelial neoplasms that show glandular or ductal 
differentiation. 13 Most arise 111 pahents between the ages of 60 
and 80 years, and men outnumber women (male-female ratio, 
1.35:1.0). The majority of ductal adenocarcinomas arise in the 
head of the gland, but they can also arise in the body or in the 
tail or even diffusely involve multiple parts of the pancreas. 
Grossly, infiltrating ductal adenocarcinomas form firm, poorly 
defined white-yellow masses. These carcinomas often extend 
beyond the grossly Identifiable tumor, and invaslOn into large 
vessels and adjacent organs is common. 

Three features characterize infiltrating ductal adenocarcino­
mas at the light microscopic level. l3 FIrSt, by definition, the neo­
plastic cells show evidence of glandular/ductal differentiation. 
The second feature that characterizes ductal adenocarcinomas is 
that they induce an intense nonneoplastic desmoplastic stromal 
reachon. This desmoplastic stroma contains myofibroblasts, lym­
phocytes, extracellular collagen, and trapped nonneoplastic 
pancreatic tissue, including trapped islets of Langerhans. An 
infiltrative growth pattern is the third feature that characterizes 
infiltrating ductal adenocarcinoma. This infiltrative growth is 
manifested in the haphazard arrangement of the neoplastic 
glands; in extension of the carcinoma beyond the pancreas into 
adjacent structures, including large vessels, the duodenum, the 
stomach, the adrenals, and the peritoneum; and by perineural 
and lymphovascular invasion (Fig. 29.3-1). Growth along nerves 
is one route by which infiltrating ductal adenocarcinomas 
extend out of the gland and 1I1to the retroperitoneum, and lym­
phovascular invaslOn is associated with lymph node and more 
distant metastases. 

A growing body of evidence suggests that histologically 
well-defined noninvasive epithelial proliferations begin in the 
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FIGURE 29.3-1. Infiltrating ductal adenocarcmoma of the pancreas Penneural (A) and vascular (B) 
lnvasion are common. 

smaller pancreatic ducts (Fig. 29.3-2A) and progress to mvasive 
ductal adenocarcinoma. These lesions, called pancreatzc mtraept­
thelzal neoplasw (PanIN), often accompany infiltrating ductal 
adenocarcinomas, and PanINs harbor many of the same molec-

A 

ular genetlC alterations as are found m infiltratmg ductal ade. 
nocarcinomas. 14 PanINs are important to recogmze because 
they can mlmlC an infiltrating carcinoma microscopically and 
because they are reasonable targets for chemoprevention and 

FIGURE 29.3-2. A: Pancreatlc intra­
epithelial neoplasla (PanIN) The,e 
leslOns III the small pancreatlc ducts can 
progress to an mfiltrating ductal adeno­
carcmoma B: Histologic-genetic pro­
gressIOn model of mfiltratmg pancreatIc 
ductal adenocarcmoma from PanL\! 
(From \Vllentz RE, IacobuzlO-Donahue 
CA, Argall! P, et al Loss of expressIOn of 
Dpc4 m pancreatlc mtraepJthehal neo­
plasla' eVldence that DPC4 Illactlvanon 
occurs late III neoplasnc progressIOn Can­
cer Res 2000,60.2002, v.ith penm~slOn ) 

I- Normal--H-PanIN-IA;!- PanIN-lB -II-- PanIN-2 --;1-1 ---- PanIN-3 ------i 

B 

- Her-2lneu -
K·ras 

-----p16 ---- ----p53 
DPC4 
BRCA2 

5\ 



for early pancreatic neoplasIa. Figure 29.3-2B depicts 
progression model from PanIN to invasIve duc-

ductal adenocarcinomas are fully malignant 
The overall 5-year sUIV'lVal rate is less than 4%, but 

survival approaches 20% for all patients who undergo 
resection. 

vanants of infiltrating adenocarcmoma exist. These 
szgnet-rzng cel~ medullary, adenosquamous, colloid ductal 

noncystic), and anaplastzc carcinomas, as well as the 
itflIllfnLlU"'U carcznoma wIth osteoclast-lzke gzant cells. 13 Of impor­

sIgnet-ring cell carcinomas have to be distinguished from 
from a gastric or breast primary, and medullary carci­

of the pancreas are associated with specific genetic alter­
(inactivation of one of the DNA mismatch repair genes). 

cell carcznomas are malIgnant epithelial neoplasms that 
evidence of exocrine enzyme production.15,16 Most acinar 

carcinomas arise in adults (mean age, 58 years), although 
have been reported in children. The male-female ratio is 

,0. Most patients present nonspecifically WIth signs and 
related to a large pancreatic mass, but 15% present 

the syndrome of metastatic fat necrosis (subcutaneous fat 
. penpheral eosinophilIa, and polyarthralgias) caused 
release of lipase into the circulation. Grossly acinar cell 

are usually softer than most ductal adenocarcino-
and by light microscopy they grow in sheets and at least 

fonn acinar structures. Acini are composed of pyramIdal 
basal nuclei and granular cytoplasm, oriented around 

lumina. Immunohistochemical labeling is often needed 
a diagnosis. In most cases the neoplastic cells label 

antibodieS to trypsin, chymotrypsin, and/or lipase. At the 
level the presence of zymogen granules can be 

to confirm acinar dIfferentiation. Acinar cell carcinomas 
fully malignant neoplasms. 
rm~CTI!atclbll!st(lml1S are malignant epithelial neoplasms that 

several directIOns of differentiation. 13,17.18 At a minimum, 

CYStIC Neoplasms of the Exocnne Pancreas 

Gender 

90% female 

60% male 

70% female 

90% female 

Involvement 
of Larger 
Ducts 

No 

Yes 

No 

No 

carcmoembryolllc antigen; MUC, mUCln. 

Cyst Contents 

Mucoid 

Mucoid 

Clear, watery 

Hemorrhagic 
necrotic 
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acinar differentiation and dIstinctive squamoid nests are 
present. In addition, many pancreatoblastomas show endo­
crine, ductal, and even mesenchymal differentIation. Most 
pancreatoblastomas arise in chIldren, but up to a third may 
arise in adults. At the genetic level, pancreatoblastomas fre­
quently show loss. of heterozygosity (LOH) on the short arm of 
chromosome 11 near the WT-2 locus, a finding that lInks them 
with other embryonal neoplasms such as hepatoblastomas.18 

Pancreatoblastomas are malignant neoplasms. A third of the 
patients have metastases at dIagnosis. The outcome for chIl­
dren is slightly better than for adults. 

CYSTIC NEOPLASMS OF THE EXOCRINE PANCREAS 

The most common cystic neoplasms of the pancreas include 
mucinous cystic neoplasms, Intraductal papillary mucinous 
neoplasms (IPMNs), serous cystic neoplasms, and solid and 
pseudopapillary neoplasms (Table 29.3-4). A review of the diag­
nostic features of cystic neoplasms of the pancreas can be 
found on the Web (http://pathology2Jhu.edu/pancreascyst/ 
index.cfm). 

Mucinous cystic neoplasms are much more common in women 
(90%) than in men.19 These distinctive neoplasms arise in the 
tail of the gland more frequently than in the head of the gland. 
Grossly, mucinous cystic neoplasms are composed of large cysts 
that contain thick tenacious mucIn.13,l9 The cysts are separated 
by thick septae and do not communicate with the larger pancre­
atic ducts. These cysts are lined by a columnar mucin-producing 
epithelium, and the stroma surrounding the cysts has a histo­
logic appearance similar to ovarian stroma. The epithelium can 
show varying degrees of cytologic and architectural atypia, and 
one-third of mucinous cYStiC neoplasms are associated with an 
invasive carcinoma, usually an invasive ductal adenocarcinoma. 
Based on the degree of cytologic and architectural atypia and 
the presence or absence of an invasive carcinoma, mucinous cys­
tic neoplasms have been categorized into mUCInOUS cystade­
noma (no atypia, no Invasion), borderline mucinous cystic 
neoplasm (moderate atypIa, no invasion), mucinous cystic neo­
plasm with in sztu carcinoma (marked atypIa, no invasion), and 
mucinous cystadenocarcinoma (an associated invasive carci­
noma) .13 The critical prognosticator for patients with a muci­
nous cystic neoplasm is the presence or absence of an invasIve 

Cyst Lznzng Stroma Immunolabelzng 

Columnar muCl- Distinctive ovar- Cytokeratin, MUC2, 
nous epithe- Ian type CEA, stroma labels for 
hum inhlbin and progester-

one receptors 
Columnar muci- Collagenous Cytokeratin, MUC2, 

nous epithe- CEA 
hum 

Low cuboidal gly- Collagenous Cytokeratin 
eogen-nch 

Discoheslve uni- Collagenous CDIO, nuclear ~-eatenin 
form cells 

I 

e 
~ 
m 

I 
I 
I 
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carcinoma. Patients WIth completely resected mucinous neo­
plasms WIthout an associated invasive carcinoma are cured.19 By 
contrast, the 5-year SUrvIval rate for patients with a completely 
resected mvasive mucinous cystadenocarcmoma is approxi­
mately 50%. 

IPMNs also produce mucin, but in contrast to mucinous cys­
tic neoplasms, IPMNs involve the larger pancreatic ducts and 
lack a distinctive stroma.13,20 Because these neoplasms mvolve 
the larger pancreatic ducts, mucin can often be seen on endos­
copy oozing from a patulous ampulla of Vater. Grossly, IPMNs 
reveal villous projections into a dilated pancreatic duct that 
contains thick mucin. By light microscopy IPMNs are com­
posed of papillae lined by tall columnar mucin-producing epi­
thelium, One-third of IPMNs have an associated invasive 
carcinoma, and this invasive carcinoma often shows abundant 
extracellular mucin production (colloid carcinoma). The 5-
year survival rate for patients with resected invasive carcinomas 
arising in association with IPMNs is approximately 40%. 

Serous cystIc neoplasms are almost always benign.13,21 The 
average age is 65 years, and the male-female ratio is 3:7. 
Serous cystic neoplasms have a characteristic gross appear­
ance. They are well demarcated and on cross section are 
composed of multiple (at times innumerable) small cysts, 
often with a central stellate scar, By light microscopy the cysts 
are lined by low cuboidal cells with uniform centrally placed 
nuclei and clear cytoplasm Special stains will demonstrate 

TABLE 29.3-5. Genetic Profile of Pancreatic Carcinomaa 

that the cytoplasmIC clearing is caused by abundant al1la 
of glycogen, Ullts 

Solzd pseudopaplllary neoplasms are dIstinctive neoplasl1ls 
uncertain histogenesis that almost always arise in young Wa Qf 
(90% female; average age, 26 years) .13,22 They are well de lllen 
cated and grossly are composed of solid areas admixed ~:u-­
cystic areas with hemorrhage and necrosis. By light micros iltb 

copv 
the solid areas are composed of sheets of relanvely unifa ' 
cells and delicate blood vessels. The nuclei are unifonn l1n 

, and 
the cells appear somewhat discohesive In some areas the n 
plastic cells appear to "drop out," forming pseudopapll~ 
around small blood vessels. Immunohistochemically, the ne

ae 

plastic cells label for CD 10 and aI-antitrypsin and show (). 
. an 

abnormal nuclear labelmg for ~-catenm. The abnormal 
nuclear labeling for ~-catenin is a manifestation of geneti 
mutations in the ~-catenin gene. Surgical resection is the trea~ 
ment of choice for these neoplasms, and, if completel 
resected, most patients are cured of their dIsease. Y 

MOLECULAR GENETICS 

Four categories of mutated genes playa role in the pancreallc 
tumorigenesis: oncogenes, tumor suppressor genes, genome. 
maintenance genes, and tissue-maintenance genes (summa­
rized in Table 29.3-5). Some of these mutations are germline; 

Gene Gene Locations Frequency in Cancers (%) Tzmzng dunng Tumorigenesz1' Mutatzon Ongm 

ONCOGENES 
KRAS2 12p 95 Early-mId Som. 
BRAF 7q 4 Som 
AKT2 19q 10-20 Som. 
MYB 6q 10 Som. 
EBYgenome <1 
TUMOR SUPPRESSORS/GENOME-MAINTENANCE GENES 
PI 6/RB 1 9p/13q >90 Mid-late Som.>germ 
TP53 17p 50-75 Late Som. 
MADH4 18q 55 Late Som 
BRCA2 13q 7 Late Germ>som 
FA.NCC/FANCG 9q/9p 3 Germ. or som 
MKK4 17p 4 Som 
LKBl/STKll 19p 4 Som >germ 
ACVRIB 12q 2 Som. 
TGFBRI 9q Som' 
MSJ-jTGFBR2 3p Som.' 
MSJ+/TGFBR2 3p 4 Som.>germ d 

ACVR2 2q 4 Som.>germ d 

BAX 19q 4 Som.>germ d 

MLHI 3p 4 Som.>germ d 

FBXW7/ cychn E deregulatlOn 4q 6 Som' 
TISSUE-MAINTENANCE GENES 
PRSSI 7q <l Poor Germ ---Germ., (prevalence of) gennlme mutation, som , (prevalence of) somatic mutation or methylation 
aReferences are given in the text. 
bStage of appearance of the genetic changes during the intraductal precursor phase of the neoplasm, where known For BRCA2, most mutauons are 
mhented, but the loss of the second allele is reported only m a smgle advanced pancreauc intraepithehal neoplasm, 
'Single examples of homozygous deletlOn of the TGFBR! gene and TGFBR2 gene have been identified m MS1- pancreauc cancer 
<lIn MSI + tumors, the mismatch repaIr defect IS usually somatIc in origm; the TGFBR2, ACVR2, and BAX alteratlOns are somatic 
'A single example of homozygous mutation of [he FBXW7 gene is reported m a senes havmg a 6% prevalence of cyclin E overexpresslOn C\chn E 
amplification IS I eported to date only in cell lines. 

-----------------------------------------------------------------------------------------------------------
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is, they are transmitted withm a family. Others that are 
during life, termed somatic mutatzons, contribute to 

~f)nQ"(~nt:sl'~ within a tissue but are not passed to offspring. 
abnormalities and signs of chromosome instability 

the most common alterations. Four genes are mutated in 
cases (the KRAS2, p16, p53, and MADH4 genes). Other 

abnormalities are seen at a much lower frequency: 
FANCC, FANCG, FBXW7, BAX; RBl, the transforming 
factor-[3 (TGF-[3) receptors TGFBRl and TGFBR2, the 
receptors ACBR1B and ACVR2, MKK4, STKll, p300, 

of gene amplificatlOn, various deletion patterns, the mito­
genome, the DNA mismatch-repair genes, cationic 

r\'I)i,in1og,en, and the Epstem-Barr virus genome, among others. 
analysis of these genes has had direct clinical impact. 

example, many cases occur on an inherited basis, and these 
and their families may benefit from genetic counsel­

A routine distinction must be made between conventional 
adenocarcinoma and a histologically and genetically dis­

variant having a medullary growth pattern.23 The analysis 
the genetic alteratlOns in preinvasive pancreatic neoplasia 
indicated that most carcinomas arise by a process of pro­

gressive intraductal tumorigenesis (see Fig. 29.3-2B). 

GENETIC CHANGES 

TAI,~m,"r" shortening is the earliest and most prevalent genetic 
change identified in the precursor lesions.24 Telomere erosion 
is thought to predispose to chromosome fusion (transloca­
pons) and their missegregation during mitosis. Later during 
tumorigenesis, telomerase is reactivated,25 moderating the 
telomere erosive process while permitting continued chromo­

c;~omal instability. 
The KRAS2 gene mediates signals from growth factor recep­

. tors and other signaling inputs. The mutations convert the nor­
mal K-ras protein (a protooncogene) to an oncogene, causing 

protein to become overactive in transmitting the growth 
ractor-initiated signals. The gene is mutated in more than 90% 

.Of conventional pancreatic ductal carcinomas.26 The first 
. change in the ducts is probably not (or not always) a 

mutation, for the prevalence of this mutation rises in 
more advanced lesions (see Table 29.3-5).27 

The Smad pathway mediates signals imtiated on the binding 
the extracellular proteins TGF and activin to their receptors. 

signals are transmitted to the nucleus by the SMAD fam­
of related genes that includes MADH4 (SMAD4, DPC4). 

protein complexes bind specific recognition sites on 
and cause the transcription of certain genes. Mutations in 

DPC4 gene are found in 55% of pancreatic carcinomas, 
these include homozygous deletlOns and intragenic muta­
combined with LOH.28 

The pI6/Rbi pathway is a key control of the cell division 
The retinoblastoma protein (RbI) is a transcriptional 

and regulates the entry of cells into S phase. A com­
of cyclin D and a cyclin-dependent kinase (Cdk4 and 

phosphorylates and thereby regulates RbI. The pI6 pro­
is a Cdk inhibitor that binds Cdk4 and Cdk6 Virtually all 

"~ULlt:ar;l(, carcinomas suffer a loss of pI6 function, through 
deletions, mutation/LOH, or promoter methyla­

associated with a lack of gene expression.29 In addition, 
mutations of the p16 gene cause familIal melanoma/ 

the familial atypical multiple mole melanoma.3o 

Molecular Genetlcs 951 

The p53 protein binds to speCIfic sites of DNA and activates 
the transcription of certam genes. The p53 gene has point muta­
tions that inhibit its ability to bmd DNA in 50% to 75% of PCs 

Most human carcinomas have chromosomal instability, which 
produces changes in chromosomal copy numbers or aneu­
plOldy. Most PCs have complex karyotypes, including deletions 
of whole chromosomes and subchromosomal regions. Chromo­
somal instability is the process that causes most of the tumor 
deletions (LOH). Some tumors, however, do not have signifi­
cant gross or numeric chromosomal changes and have a differ­
ent form of genetic instability; they have defects In DNA 
mismatch repair, producing high mutation rates at sites of sim­
ple repetitive sequences termed mlcrosatelbtes.3l MIN occurs in a 
small percentage of PCs.23,32 The pattern of genetic damage in 
these tumors differs considerably from that m tumors with chro­
mosomal instability. 

LOW -FREQUENCY GENETIC CHANGES 

The causative genes of Fanconi's anemia playa role in human 
tumorigenesis. The BRCA2 gene represents Fanconi comple­
mentation group Dl and is thought to aid DNA strand repair. 
Because of this function, it is perhaps best to categorize BRCA2 
as a genome-mamtenance gene rather than a standard tumor 
suppressor. Of "sporadic" PCs, 7% to 10% (more in instances 
of familial aggregation) harbor an inactivating mtragenic 
inherited mutation of one copy of the BRCA2 gene, accompa­
nied by LOH.33 The FANCC and FANCG genes have somatic or 
germline mutations in some PC patients, again with loss of the 
wild-type allele in the cancer.34 The known hypersensitivity of 
Fanconi's cells to interstrand DNA-cross-linking agents, such 
as cisplatin and mitomycin C (MMC), has suggested that PCs 
with Fanconi's pathway genetic defects would be especIally sus­
ceptible to treatment with such agents. 

The mitochrondrial genome may be mutated m a majority 
of PCs. These mutations most likely represent genetic drift and 
perhaps do not directly contribute to the process of tumorigen­
eSIs.35 Such mutations, however, could potentially serve as a 
diagnostic target because of the large number of copies of the 
mitochondrial genome in human carcinoma cells. 

The MKK4 gene participates m a stress-related protein 
kinase pathway. It is stimulated by various influences, including 
chemotherapy, and its downstream effects, including apoptosiS 
and cellular differentiation. The MKK4 gene has homozygous 
deletions or mutation/LOH in approximately 4% of PC cases.36 

Germline mutations of the STK11 (LKB1) gene, a serine­
threonine kinase, are responsible for the PJS. PJS was anecdot­
ally associated with PC decades ago. A follow-up study examined 
lifetime risk, finding PC to develop in nearly a third of PJS 
patients. Sporadic PCs, independent ofPJS, also lose the STKll 
gene by homozygous deletion or by somatic mutation/LOH in 
approximately 4% of casesP 

Gene amplification occurs occasionally in PC. Amplified 
regions include the AKT2 gene within an amplicon on chromo­
some 19q and the MYB gene on 6q, involving approximately 
10% to 20% of cases studied.38 Approximately 6% of PCs over­
express the oncogene, CCNE1 (cyclin E). Two mechanisms 
have been demonstrated: cyclin E gene amplification and the 
genetic mactivation of the FBXW7 (AGO) gene, which normally 
serves to degrade cyclin E during the normal phases of the cell 
division cycle.39 
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The patterns of chromosomal deletion in PC are complex. 
In one study, an average of 40% of all chromosomal arms in 
each cancer had a deletion. For most lost regions, no particular 
tumor suppressor genes are known to be targeted by the dele­
tions. Conversely, m some regions known to harbor tumor sup­
pressor genes, the known mutated genes do notJuslify the high 
observed prevalence rates of LOH. IndIVidual homozygous 
deletions are found at some addltlonal genetic locations, again 
without a definltlve target gene for these events. 

Defects m DNA mismatch repair (MIN) are seen in some 
PCS.23.39 These cancers typically have a medullary histologic 
phenotype and mutations of the type II TGF-P (TGFBR2) and 
activin (ACVR2) receptor genes. They can also have mutations 
of the proapoptotlC BAX gene and of the growth factor path­
way medlator BRAFgene (analogous, presumably, to mutations 
of the KRAS2 gene). The MIN tuml)rs do not have the propen­
SIty for large chromosomal alteratIons and gross aneuploidy.4o 
In a study of four cases of PCs having MIN, all lacked expres­
sion of the Mlhl protein.23 Not all medullary phenotype can­
cers have MIN. Yet, medullary pancreatic carCInomas as a 
whole have a number of clInical and genetic dIfferences com­
pared to those wIth conventional histologic appearance; the 
tumors have pushing rather than infiltrative borders, the 
KRAS2 gene often is wild-type, and the patient frequently has a 
family history of malIgnancy.23,32 

Inherited mutatIOns of the catIOnic trypsinogen (PRSS1) 
gene permIt the premature activation of the proenzyme within 
the pancreas, causmg a familial recurrent form of acute pan­
creatitis. Some affected kindreds have a cumulatlve risk of PC 
that approaches 40% by the time the affected individuals reach 
60 years of age.4l This cancer diathesis falls in a ul1lque cate­
gory of cancer susceptibility in that the predispositIon ema­
nates from genetIc alteratIOns of a gene tissue-maintenance 
gene, one that is neither an oncogene, tumor suppressor gene, 
nor a genome-maintenance gene. 

GENE EXPRESSION PROFILING 
AND BEYOND 

Studies usmg global gene expression methodologies have 
provided a unique opportunity to better understand this 
lethal tumor and to have a potential impact on patient care. 
These methods include serial analvsis of gene expressIOn, 
complementary DNA microarrays, oligonucleotIde arrays, 
and proteomics. 

Gene and protein expression profilmg using each of these 
technologies has advanced our understanding of pancreatic 
ductal adenocarcinoma in three important ways. First, in 
excess of 200 genes have been identified that are hIghly 
expressed m pancreatic duct adenocarcmomas but not in nor­
mal pancreatic ductal epithelIUm. Each of these hIghly 
expressed genes offer new opportul1lties for development of 
diagnostIc tests or therapeutic targets. Second, many genes 
relatIng to the clinicopathologic features of mfiltrating ductal 
adenocarcinomas have been identIfied, providing new insights 
into the biology of this PC. ThIrd, gene expressIOn studies 
have revealed novel features related to the process of tissue 
invasion by PCs. In this regard, new possibilIties for drug deliv­
ery focused on tumor-stromal interaclions have been Identi­
fied. Each of these advances is discussed m more detail below. 

'\ 

FIGURE 29.3-3. ImmunohIstochemIcal stammg of mesothe\' 
, . fil 'd I d . 1\1 protem ll1 m 1 tratmg pancreatic ucta a enocarcmoma Intense pro-

temlabelmg IS seen wIthm the neoplastIC epIthelIum m a membranous 
dIStrIbutIOn Lummal secretions also strongly label for mesothehn pro­
tem In contrast, normal ductal epIthelIUm IS negative (Inset) (See 
Color FIg 29 3-3 m the CD-ROM) 

NOVEL MARKERS OF P ANCREA TIC 
DUCTAL ADENOCARCINOMA 

Perhaps the most urgent need in the battle against PC IS the 
identificatIOn of speCIfic tumor markers for the mterpretatlOn 
of difficult biopsies and for early diagnOSIs (Fig. 29.3-3). Over­
expressed genes now recogl1lzed as potentially important in PC 
are depICted in Table 29.3_6.42-47 These potential tumor mark. 
ers represent a variety of protein functions, includmg cell 
adhesion, cell motilIty, cytoskeletal assembly, proteolYSIS, or 
matrix remodeling. Some have now been validated as specific 
markers of pancreauc carcinoma, whereas others are in the 
process of being confirmed. 

NEW INSIGHTS INTO THE BIOLOGY OF P ANCREA TIC 
DUCTAL ADENOCARCINOMA 

Gene expression profilIng has also provided novelmsight into 
the complex biologv of PC.48,49 Recent eVIdence pro\~ded 

through global gene expression profilmg has revealed that eer­
tam cellular processes playa more prominent role In PCs than 
were prenously recognized. For example, genes whose protein 
products are mvolved in cell membrane JunctIons and celli 
matnx interactions have consistently been identIfied as up' 
regulated ll1 PCs by several investigators. ThIS observatIOn 
could correspond to altered cellular attachments and cell sur­
face architecture, resulting in aberrant cell-cell mteracuons 

that are a reproducible characteristic of cancer cells Sereral 
IOn-homeostasls-dependent proteins, espeCially thme speCIfiC 
for the calcium ion (Ca2+), such as S100A4, SIOOAIO, or Trop-2, 
have been identified as overexpressed in PC. The conslste~t 
expression of these genes m PCs mav indicate key homeos~uc 
mechanisms necessary for cancer cell surVIval, and mterler-
ence WIth thelr expreSSIOn may promote cancel cell death, 
Fmally, several genes who~e protein products may contrIbute to 

chemoradlOreslstance in PCs have also been Identified, such 
as ataxia-telangiectasia group D-associated pIOtein (ATDC), 
topoisomerase II alpha, and transglutaminase II ATDC pro­
tein has been shown to be induced by ionizing radiatIon and to 
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Examples of Novel Markers of Pancreatic Ductal Adenocarcinoma Identified by Gene ExpreSSIOn Profiling 

Normal Cellular FunctIOn ExpressIOn zn Pancreatzc Cancer Potentzal Use 

Component of epithelial tight 
Junctions 

Overexpressed In neoplastic epithelIUm; membranous dl~tnbution Rad!Olmagmg, immunotherapy 

Cytoskeletal protein, cellular Overexpressed In neoplastic epithehum, cytoplasmic distribution Diagnostic marker 
motility 

"I 

Collagen-specific chaperone 
GPI-anchored protein, ?adhe-

NOlmal acmar cells; released dunng acute/ chronic pancreatitiS 
Desmoplastic stromal cells 

Screening marker 
Diagnostic marker / radlO!magmg 
Diagnostic marker Immuno-Overexpressed in neoplastIC eplthehum, membranous dlstnbutlon 

sion 
Apomucin, epithehal protec­

tion 
Overexpressed in neoplastic epithelium, membranous distribution 

therapy screening 
Diagnostic marker/immuno­

therapy 
GPI-anchor protem, -adhe­

sion 
Overexpressed In neoplastic epithelium; membranous distribution DIagnostic marker immuno­

therapy screenmg 
Diagnostic marker SlOO calcium-binding protem Overexpressed In neoplastic epithelium; cytoplasmiC dIstnbution 

hepatocarcmoma-mtestine-pancreas/pancreatitis-associated protem I. 

~n.nnle" the radiosensitivity of ataxia-telangiectasia fibroblast 
hnes, whereas expressed genes such as topoisomerase II 

or transglutaminase II may relate to the chemothera­
resIstance often observed for PCs. Thus, global gene 

expression technologies can provide important insights mto 
pancreatIc carcinomas, many of which may affect how future 
Ihl'raD'ies are designed and administered. 

INSIGHTS INTO THE INVASIVE PROCESS IN 
DUCTAL ADENOCARCINOMA 

expression profiling of PC has also provided new insights 
the process of tumor invasion. Specifically, gene expression 

of PC tissues have been used to identify expression pat­
associated with the exuberant desmoplastic response.50 

genes were found to be expressed in surgically resected PC 
but not in normal pancreas tissue or in cultured PC cell 

thus reflecting the cellular components of the host stro­
response seen in the presence of infiltrating carcmoma. 

,1n'vesltig;Hi()ns into the cellular localization of these genes using 
situ hybndization have identified a specific "architecture" for 

expression in invasive pancreatic carcinomas. Gene 
'expn~ssion within invasive PCs can be segregated into distinct 

reproducible compartments: the neoplastic epithelium, 
juxtatumoral stroma (those stromal cells 

"u,,,.tc;Ul;,uelY adjacent to the invasive neoplastic epithelium), or 
panstromal compartment (all stromal tissue within the host 

.,~o ... v •• ,,-:), mdicating that a highly organized and structured 
of tumor invasion exists in the pancreas. The finding of 

expressed by the neoplastIc epithelium in invasive carci­
but not in cancer cell lines derived from invasive carci­
also hIghlights the importance of gene expression 

to a neoplastic cell's interactions with its environment. 

G AND EARLY DETECTION 

TO CLINICAL SCREENING 

pancreatIc ductal adenocarcinomas (approximately 85%) 
diagnosed at a late, incurable stage. Because complete 

. of small cancers may improve the outcome of this 

deadly disease, there is great interest in improving the early 
detection of PC. The optimal approach for early detection of 
PC is still under study. Ideally, one would like to identify lesions 
that have a high chance of cure after surgical resection, such as 
a high-grade benign PanIN 3 leSIOn, a benign IPMN, or less 
than 1 cm pancreatic ductal adenocarcinoma using a noninva­
sive imaging test or a biomarker.51 

Currently, imaging modalities for screening and early 
detection include computed tomography (CT) scan, magnetic 
resonance imaging (MRI)/magnetic resonance (MR) cholang­
iopancreatography, and endoscopic ultrasonography (EUS). 
With the development of multidetector techmques, CT angi­
ography, and three-dImensional reconstruction, CT imaging 
continues to improve.52 For early detection, EUS may be the 
imaging modality of choice because it detects smaller pancre­
atic lesions than those detected with thin-section dual-phase 
spiral CT.53 The accuracy of diagnosis of PC in patients with 
pancreatic masses who are suspected of having cancer is close 
to 100% for EUS and approaches 92% for dual-phase CT. Fur­
thermore, EUS can readily dIscriminate between solid and cys­
tic lesions (unlike CT) and, when combined with fine-needle 
aspiration (FNA) , provides a cytologic diagnosis of minute 
lesions as small as 2 to 5 mm that are not visualized by CT, 
ultrasound, or MRI. FNA performed during an EUS proce­
dure can help to establish a diagnosis of malignancy, although 
the diagnostic yield from cytology III this setting is variable. 
Endoscopic retrograde cholangiopancreatography (ERCP) is 
less likely to detect small tumors, and it IS a relatively more 
invasive test for screening due to the risk of developing pancre­
atitis (5% to 10%). 

Serum CA 19-9, the only widely used tumor marker, is valu­
able for following the therapeutic response of patients with PC 
who have an elevated serum CA 19-9 level.54 CA 19-9 is of limited 
value as a screening marker, however, as approximately 10% to 
15% of individuals do not secrete CA 19-9 because of their Lewis 
antigen status. In addition, CA 19-9 levels may be within the nor­
mal range while the cancer is still at a small and asymptomatic 
stage, and CA 19-9 can be elevated in bemgn biliary or pancre­
atic condItions. Similar problems with dIagnostic accuracy have 
been observed for other investigational markers. Attempts have 
been made to combine markers to improve the diagnostic per­
formance of CA 19-9 by combining it with other markers. 
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One current approach to screen high-risk indl\iduals uses 
EUS of the pancreas, multIdetector CT with three-dimensional 
reconstruction, and serum CA 19-9 measurements as the initial 
screening tests. ERCP, EUS-FNA, and other mvestigatIons can 
be performed if abnormalities are found on EUS or CT, or 
both. In an ongoing chnical trial atJohns Hopkins usmg this 
approach in patients with PJS and at-risk relatives from famIlial 
PC kindreds, six pancreatic masses were found by EUS (four 
also detected by CT) in 37 indIviduals screened. One invasive 
PC, one IPMN, two cystic neoplasms, and two nonneoplastic 
masses (chronic pancreatitis) were detected, corresponding to 
a diagnostic yield of 10.5% for pancreatic neoplasms.55 The 
one patient with an mvasive adenocarcinoma was resected and 
is stIll alive and disease free 5 years after surgery. Overall, these 
data suggest that It may be worthwhile to screen for pancreatic 
neoplasIa in hIgh-risk populations. However, there is not yet 
enough information to determine the chl1lcal use and cost 
effectiveness of such a screening approach, the risks involved, 
and the approprIate screening intervals and optimal type of 
surgery (partial vs. total pancreatectomy). Brentnall et al.56 at 
the University of Washington in Seattle reported their experi­
ence with screening three high-nsk families with unique phe­
notypic features (including DM and chronic pancreatitis). Of 
14 patients from three families surveyed primarily by EUS, 7 
were found to have EUS and ERCP abnormalities suggestive of 
unique pancreatIc duct lesions (saccular or grape-like deformi­
ties) and chronic pancreatitis. Pathologic analysis of total pancre­
atectomy resectIon specimens revealed diffuse, often high-grade 
pancreatic duct lesions (PanIN). However, total pancreatec­
tomy is associated with a significant morbidity and obligate 
insulm-dependent diabetes and at present probably should 
only be conSIdered for patients WIth a very high lIfetime fisk of 
PC, such as those with hereditary pancreatitis and a confirmed 
PRSSI mutation. 

DEVELOPING BIOMARKERS FOR EARLY DETECTION 

Better markers of PC are needed for early dIagnosis of sympto­
matIC individuals whose initial workup faIls to yield a diagnosis 
and as a screening test to permit the early detection of PC in 
asymptomatic individuals at high risk of developing the dis­
ease. Although a serum test would have wide appl!cation, the 
inability to find an accurate dIagnostic serum test for PC and 
the need to Identify small pancreatic leSIOns have led to inter­
est in usmg pancreatic juice as a specimen for searching for 
novel markers of PC. The potential high concentI-ation of DNA 
and proteins makes pancreatIc juice a potentially optimal spec­
Imen to use when screening high-risk patients for PC, analo­
gous to sputum for lung cancer or nipple aspirates for breast 
cancer. Pancreatic juice can be collected during routine upper 
GI endoscopy after secretin stimulation without the need for 
ERCP. Often when PC is suspected, imaging tests fail to identify 
a pancreatIc mass. Molecular markers could facilitate early 
diagnosis by aiding in the interpretation of mconclusive cytol­
ogy specimens obtained by sampling the pancreatic duct or 
from fine-needle aspirates obtained during EUS. 

BIOmarkers can be dIvided into three biochemical targets. 
DNA, RNA, and proteins. DNA-based techniques aim to detect 
cancer-specific DNA alterations. The diagnostic potential of 
DNA- and &'\lA-based markers has improved with the use of 
quantitative polymerase chain reaction. Markers that have prom-

Ise are the detectIon of DNA methylation changes and . C , 

chondnal mutations that arise during PC development ~ltQ. 
methylatIon abnormalIties may be particularly suitable DOl' NA 

Use' 
early detection strategIes. Numerous aberrant methYl . III 
events occur during carcmogenesis (e.g., methylation of hl,7:;t 
and p 16), and tlley can be detected m secondary sources . I 
the very sensitive methylation-specific polymerase chain reaUs~ng 
technique. Pancreatic carcinomas harbor aberrant methvlC~()n 

I aUOll 
of a number of cancer-related genes (SPARC, PPENR, PI 
TSLC1, and others).57 Efforts to use DNA methylation as adi ~ 
nostic tool in the pancreas are complicated by tissue-specIfic ~1 
ferences in normal methylation patterns. Many genes that . 
aberrantly methylated in PCs, whereas not normally methYla:~ 
m the pancreas, are often methylated in normal duod~nu 
Therefore, quantification of DNA methylation changes In p~: 
creatic JUIce obtained directly from the pancreatic duct may be 
needed if these markers are to be diagnostically useful m th~ dif. 
ferentIal dIagnosis of pancreatic lesions in the clinical setting 
MitochondrIal mutations are commonly found 111 cancers of 
multiple types and may be amenable to assay in tlle clmical set. 
ting. Mutations occur throughout the mitochondrIal genome in 
pancreatic and other cancers, and thus sophistIcated assays are 
needed to reliably identify such mutations. 

As with detection of PC DNA, detection of PC messenger lli'1A 
is more appropriate for the analysis of pancreatIc Juice or fine­
needle aspirates. The mam RNA-based marker invesl1gated to 
date has been hTERT. Approximately 90% of cancers express the 
telomerase hTERT subul1lt, and approximately 90% of pal1ents 
with PC have detectable telomerase activity in their pancreauc 
juice.58 The detection of telomerase enzymatic actiVIty or the 

Pancreatic adenocarcinoma #4 

Pancreatlc adenocarCInoma #8 

Pancreatlc adenocarcinoma #18 

Pancreatlc adenocarCInoma #24 

I 
Intra-papillary mucinous neoplasm #15 

Carcmold tumor #22 

Intra-papillary mucmous neoplasm #6 

Serous cystadenoma #20 

MlZ 

FIGURE 29.3-4. Representative spectrum examples ofSELDl (sur­
face-enhanced la5er desorptIOn IOnization mass spectrometf\) an.lhsis 

of pancreatic JUIce samples bound to lMAC-3 copper protem clllp ana:. 
A peak at approximately 16,570 d (arrow) was present in the four pan 
creatlC J\llce samples from patients with pancreatic adenoafClnomJ 
(PC4, PCS, PCIS, PC24) but absent III four patients With othel pancre­
atic diseases (bottom 4 spectra). (From ref. 4, With perml,slon ) 
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subunit may be helpful in differentiating PC from benign 
disease. Because telomerase is expressed in inflamma-

cells, however, it may not be sufficiently specific for use as a 
screening marker. Many genes have been identified as 

__ D,.nresseu at the RNA level in PCS compared to normal pan­
Gene-chip profiling or other RNA-based methodologies 

be promismg approaches for the early detection of PC. 
Pf'(lteiln-1o;u;eu markers ultimately may have the most applica­

for PC dIagnostics. The ultimate goal of such a marker 
be a "prostate-specific antigen test" for PC. One approach 
the identification of protein markers involves the large­

analysis of proteins in blOlogic fluids or cells, termed 
One such proteomics technique is SELDI (surface­

laser desorption ionization mass spectrometry), which 
protein profiles of samples applied to protein chips.59 

profiling of pancreatic juice led to the identification of 
elevated hepatocarcinoma-intestine-pancreas/pancre-

1IlS-"""'U'-"~'~~ protein I (HIP/PAP) levels in pancreas juice 
from patients with PC compared to patients with other 

diseases (Fig. 29.3-4). Serum profiling using SELDI 
other mass spectrometry approaches is being explored as a 

tool in a variety of cancers. 

L· ....... _'-'.LATHOLOGIC STAGING 

of pancreatic exocrine cancers depends on the size and 
of the primary tumor, as well as the status of regional 
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lymph node involvement and metastasis to distant sites.6o The 
newest version of the American Joint Committee on Cancer 
(AJCC) Cancer Stagtng Manual, published in 2002, updated and 
revised the PC stagmg system (Table 29.3-7). Because only a 
minority of patIents with PC undergo surgical resection, this sys­
tem applies to clinical and to pathologic staging. 

ANATOMY 

The pancreas is a coarsely lobulated yellowish gland that lies 
somewhat obhquely in the retroperitoneum, extending from the 
duodenal C loop and running cephalad to the splenic hilum (Fig. 
29.3-5). The gland is divided into somewhat arbitrary sections: the 
head (with a small, posterior uncinate process), neck, body, and 
tail. Tumors of the pancreatic head arise to the right of the supe­
rior mesenteric vein-portal vein confluence and include tumors 
of uncinate origin. Tumors of the pancreatic body arise between 
the supenor mesenteric vein-portal vein confluence and the left 
lateral aspect of the aorta. Tumors of the pancreatic tail are 
located lateral to the aorta, extending out to the splenic hilum. 

STAGING 

Unfortunately, only a minority of patIents with PC are able to 
undergo surgical resection of the pancreas and adjacent struc­
tures, and therefore a smgle TNM (tumor, node, metastasis) classi­
fication system is best applied to the clinical and the pathologic 
staging. The newest edition of the AJCC Cancer Stagtng Manual has 

TABLE 29.3-7. AmericanJoint Committee on Cancer Cancer Staging: 
Exocrine Pancreas 

PRIMARY TUMOR (T) 
TX Primary tumor cannot be assessed 
TO No evidence of primary tumor 
Tis Carcinoma In SItu (also PanIN 3) 
Tl TUmor limited to pancreas, 2 cm or less in greatest dimension 
T2 Tumor limited to pancreas, more than 2 cm in greatest dimension 
T3 Tumor extends beyond the pancreas but without involvement of the celiac axis or the supe-

rior mesenteric artery 
T4 Tumor involves the celiac axis or the supenor mesentenc artery (unresectable primary tumor) 
REGIONAL LYMPH NODES (N) 
NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 
Nl Regional lymph node metastasis 
DISTANT METASTASIS (M) 
MX Distant metastasIS cannot be assessed 
MO No distant metastasis 
Ml DIStant metastaSIS 
STAGE GROUPING 
Stage 0 Tis NO MO 
Stage IA Tl NO MO 
Stage IB T2 NO MO 
Stage IIA T3 NO MO 
Stage lIB Tl Nl MO 

T2 Nl MO 
T3 Nl MO 

Stage III T4 AnyN MO 
Stage IV AnyT AnyN Ml 

PanIN, pancreatic intraepithehal neoplasia. 
(From ref. 60, with permissIOn.) 
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Celiac trunk 

Proper hepatic 

Common 
bile duct 

Postenor superior 
pancreaticoduodenal 

Right gastroePIPloIC/( 
artery 

Spleen 

Antenor supenor 
pancreaticoduodenal 
artery '----- Caudal (dorsal) 

Right kidney pancreatic artery 

Posterior Inferior 
pancreaticoduodenal 
artery, vem 
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FIGURE 29.3-5. A: Gross anatomy and vascular anatomy of the pancreas. The pancreas is dIvided into 
five major regions: the head, neck, uncmate process, body, and tall (mset) The arterial blood supply to the 
pancreas consists of the gastroduodenal artery and a branch of the celiac trunk, whIch divides mto the pos­
terIor and anterior superIor pancreaticoduodenal artenes. These two vessels form an arcade and commu­
nicate WIth the anterior and postenor mfenor pancreatIcoduodenal artenes, WhICh are branches of the 
proXImal superIor mesentenc artery The body and taIl of the pancreas are supphed by branches from the 
splenic artery B: The venous drainage of the pancreas parallels the arterial supply, WIth an antenor and 
postenor venous arcade around the head of the pancreas, drammg mto the superIor mesenteric vein below 
and the portal vem above. The body and tall of the pancreas dram to the mfenor pancreatIc vem and to 
the branches of the splemc vein (From Bastidas]A, Nlederhuber]E. Pancreas In AbeioffMD, et ai, eds 
Clmzcaloncology. New York: ChurchIll LIvingstone, 1995:1374, WIth permIssion) 

made two changes, altering the key classlfication to a more clmi­
cally relevant system (see Table 29.3-7). First, because pancreatic 
tumors are judged unresectable when they encase or encircle 
large arterial structures such as branches of the cehac axis or supe­
rior mesenteric artery, Tl, T2, and T3leslOns all fulfill criteria for 
local resectabllity, whereas T4lesions that mvolve the branches of 
the celiac axis or the superior mesenteric artery are considered 

unresectable. The second major change involves stage groupmg 
III In the current edluon, stage III IS used to classifY pauents \\1m 

unresectable, locally advanced PC, with major visceral arten<li 
involvement. Stage III no longer is used to denote the presence of 
lymph node metastasis. 

Although the extent of resection is not part of the TNM ,tag' 
ing system, the extent of resecuon is qUlte Important for pancl'e-



- denocarcinoma. Patients WIth complete resection, mcluding 
a and mICroscopIcally negative margins of resectIOn, are con­

to have RO disease. PatIents ",1th grossly negative but posi­
mICroscopic margms of resection are considered to have Rl 

Patients with grossly and mIcroscopically positiYe margms 
are conSIdered to have R2 disease 

PRESENTATION 
EVALUATION 

majority of patients mth PC present clilllcally with the 
of JaundICe. ThIS occurs as a result of a right­

neoplasm obstructing the intrapancreatIc portion of the 
bile duct. Seen with the jaundice are accompanying 

and symptoms, such as abdominal pam, dark urine, lIght 
weight loss, pruritus, weakness, and anorexia.3 

a mmority of patIents, PC presents mthoutjaundice. In 
mth left-sided tumors, a gnawmg epigastric or back 

may be present. New-onset DM may be the first clinical 
in approXImately 10% ?f all patIents. Occasionally, 

pancreatitis may be the first malllfestation of a PC, 
to partial obstructIon of the pancreatic duct, which 

pancreatic inflammation. It is important to consider the 
of a pancreatic tumor in elderly patients presenting 

pancreatitis, particularly when there is no obvious cause 
the pancreatitis such as gallstones or alcohol abuse 3 

symptoms found in a small percentage of 
may mclude nausea or vomIting, or both, related to 

-mecn'lllI.cal gastroduodenal obstruction. Mechanical obstruc­
of the proxImal duodenum can be related to right-sided 

neCtpWlsm.s, or an obstructIon at the ligament of Treitz can be 
-<een with cancers of the mIdbody of the pancreas. 

The most common phYSIcal findmg at initial presentation is 
Often, patients with deep jaundice may exhIbit cutane­

signs of scratching, related to pruntus. Hepatomegaly, tempo­
wasting, and a palpable gallbladder may also be present. In 

mth dissemmated advanced PC, findings may include 
hepatic metastases, left supraclaVIcular adenopathy (Vir­

node), periumbilIcal lymphadenopathy (Sister Mary 
's nodes), or the unusual finding of drop metastases in the 

encirclmg the perirectal region (Blumer's shelf).3 
1)00-CIT,,,"" studies in patients mth cancer of the right side 
pancreas often reveal elevated serum bilirubin, alkaline 

and y-glutamyl transpeptidase, mth mild eleva­
of the hepatic aminotransferases. A normochromic ane-

and mIld hypoalbuminemia may reflect the chronic nature 
neoplastic process and its nutritional sequelae. Hepatitis 

are often assessed, and they are typICally negative. 
I:)ltllOUlllh uncommon, patients mth ductal adenocarcinoma of 

may have hyperamylasemia or hyperhpasemia, 
more commonly seen m patients mth IPMN. A pro­

'VIII!~t"r.n of the prothrombin time may be seen in deeply jaun-
patients due to malabsorption of fat-soluble VItamins.3 

IMAGING 

the current time, diagnostic and stagmg imagmg for PC best 
multldetector CT acqUIsition mth three-dimensional 
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FIGURE 29.3-6. Late artenal phase of a spiral computed tomo­
graphIC scan, usmg contrast as the oral agent. The ludneys and aorta are 
contrast enhanced, as is the mfenor vena cava. Dilated bile ducts are 
seen m the liver, and the gallbladder is distended. A large (5 cm) 
hypodense mass is seen in the head of the pancreas, and the supenor 
mesenteric vem (SMV) is not seen Additional caudal Images confirmed 
occlUSIOn of the SMV, with numerous mesentenc venous collaterals 
ThiS tumor was deemed unresectable based on the advanced local dis­
ease (From ref 4, with permissIOn) 

reconstruction.61 ThiS technology was introduced m the late 
1990s and has supplanted spiral or helical CT as the preferred 
noninvasive imaging modality for the dIagnosis and staging of 
PC Multidetector CT incorporates dual-phase imaging in the 
arterial and the venous phases of enhancement. Water is used 
as the oral contrast agent of choice. Nonionic contrast medium 
is administered via a peripheral intravenous catheter at a rate 
of 3 mL/sec, and slices through the pancreas are obtained 
every 1.25 mm, mth all images being acquired dunng one 20-
second breath hold. For VIsualizing the study on film, 3- to 5-
mm slices are printed. However, the 1.25-mm acqUIred slICes 
are reviewed at a three-dimensional work station using a stan­
dard software platform, allomng for three-dimensional viewmg 
of the data sets to improve detection, staging, and surgIcal 
plannmg. Using thIS technology, adenocarcinoma of the pan­
creas typically appears as a low-density (hypodense) mass 
within the pancreas, generally best seen on the venous phase of 
enhancement (Figs 29.3-6 to 29.3-8). Right-SIded pancreatic 
tumors typically obstI-uct the common bIle duct or the pancre­
atic duct, or both, resulting in intrahepatic and extrahepatic 
bile ductal dilatation and pancreatic ductal dIlatatIon in the 
body and tail of the gland. Left-sided pancreatic tumors may 
obstruct the pancreatic duct toward the splenic side of the 
gland and may obstruct the splenic vem, creating splenic vein 
thrombOSIS and the sequelae of perigastric varices. Tumor 
involvement of the major peripancreatIC vascular structures 
can be seen as circumferential hypodense tissues surroundmg 
the branches of the celiac axis, the supenor mesenteric artery 
or vein, or the splenic artery or vein. CT scanning also has the 
ability to detect hepatic metastases or peripancreatic lymph 
node enlargement, although a pathologIC diagnOSIS cannot be 
obtained from imaging alone. 

Advances in MR!, including hIgh-resolution imagmg, fast 
imaging, volume acquisitions, functional imagmg, and MR cho­
langiopancreatography, have led to an improved abilIty ofMRI to 
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FIGURE 29.3-7. Artenal phase ofa multidetectorcomputed tomog­
raphy scan, usmg water as the oral agent The kidneys and aorta are con­
trast enhanced A 3-cm hypodense tumor ma;,s IS seen m the pancreatic 
uncmate process, antenor to the aorta and mfenor vena cava The tumor 
abuts the right lateral aspect of the supenor mesenteric vein The supenor 
mesentenc artery IS contrast enhanced, patent, and not approached by 
tumor ThiS tumor 'Was resected \1a pancreaticoduodenectomy, WIth nega,­
tive resection margins (From ref 4, WIth penmsslOn ) 

diagnose and stage pc.62,63 Artenal and venous patency can be 
evaluated using appropnate phase studies. Because the m3Jority 
of PCs have significant desmoplasia with sparse vascularity, most 
tumors appear with low signal intensity on Tl-weighted fat­
suppressed images and dimimshed enhancement on dynamic 
contrast-enhanced images (FIg. 29.3-9). Although some contro­
versy eXISts, current, modem multIdetector CT acquisition and 
MRI appear comparable for tumor detection and staging. No 
advantage appears to be gamed bv obtaming CT as well as MR 
studies in patIents With suspected, apparently resectable, PC. 

A 

ERCP has lost favor as a routine imaging test for p . 
being evaluated for Pc. Although ERCP does allow direc~~ents 
mg of the pancreatic duct, and its sensitIvity for the dla l1la~. 
of PC remams high, the use of endoscopic pancreatograp~n,OSts 
dIagnosis IS rarely necessary. Of course, the finding of a ~ for 
. I . . h I On" Irregu ar stncture m an ot erWIse norma pancreatic d ~ 

WIthout a past history of pancreatitis, is highly SUSpICIOus forl~~ 
(Fig. 29.3-10). However, with the current technologic ad\a 

CT . d MRI h . . nces m scannmg an , t e routme practice of diagn . 
. ' OStic 

ERCP IS unsupported. 
EUS has gained popularity and is now increasmgly a\ailabl 

for pancreatic imaging.64 Numerous studies have evaluated EU~ 
in distinguishing benign from malIgnant pancreatic lUas . ~ 
(FIg. 29.3-11). In general, EUS performed by a well-trained 
observer has generally been shown to be more sensitive and sp . 
clfic than either CT or MR in the assessment of pancreati

e 

masses. However, EUS is time intensive and invasive. EUS cal~ 
be combined with FNA to acquire cellular material for cytOlOgic 
analysis. EUS-FNA appears to be most efficacious in acqUIring a 
tissue diagnosis of PC when such a diagnosis is required before 
surgical treatment. Of note, unless protocol-based neoac!Juvant 
chemotherapy or chemoradiation therapy is planned, in lUost 
patients with a resectable tumor seen by imaging, such a tislue 
diagnosis is not necessary. Thus, although EUS-FNA is able to 
yield a tissue diagnosis of PC in many patients, it must be 
stressed that patients with resectable lesions suspicious for PC 
do not require such a tissue diagnosis before surgical resection. 

Although CT or MRI remains the mainstay of imagmg of 
patients with suspected PC, the newer technique of positron 
emIssion tomography (PET) provides additional imaging 
opportunities. PET uses the increased metabolism of glucose 
by PC cells as the baSIS of imaging. PET scanning for PC uses 
fluorine 18 (a posItron-emitting tracer) as a glucose-lIke sub­
strate tn vivo. 55 Fluorine 18 is labeled to fluorodeoxyglucose 
(FDG), which is rapidly taken up by tumor cells and Imaged. 
FDG-PET has been reported to be highly sensitive and specific 

8 

FIGURE 29.3-8. Mu!ndetector computed tomographIC Images from a patIent '¥iLh a small ca.f!cer in 
the head of the pancrea, A: Sagittal three-dimenSional (3D) reconstruction, showmg normal aorta, celiac 
axis, and superior me~entenc arteT) B: Coronal 3D reconstruction showing normal liver, gastric fundus, 
and portal \em, a, well as mtact supenor mesentenc artery and vem. (From ref. 4, with permission) 
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Smgle-shot, spin-echo magnetic re~onance cho­
langiopancreatogram in a patient with obstructive jaundIce. The com­
mon bile duct and the pancreatIC duct are both dIlated, and a 
hypointense area of tumor is apparent 111 the periampullary regIOn. 
(From Yeo CJ, Cameron JL Pancreatic cancer. Curr Probl Surg 

" 1999;36'57, with permission) 

for PC III recent small series Importantly, FDG locahzes not 
" llllly at tumor sites but at sites of inflammation and infection. 

information about FDG-PET will clanfy its role in pre-
dicting prognosis and tumor disseminatIOn and III distinguish­
ing between benign and malignant tumors. 

Endoscopic retrograde cholanglOpancreatogra­
a patient WIth obstructive jaundice, revealing a classic ,"double­

sign No evidence of tumor IS seen at the gems (knee) of the 
, common bile duct and pancreatic duct (From Yeo CJ, Cameron JL 
Pancreatic cancer. Curr Prohl Surg 1999,3657, with permissIOn.) 
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FIGURE 29.3·11. Endoscopic ultrasonography image using linear 
array echoendoscope, revealing a mass in the head of the pancreas with 
no vascular invasIOn of the supenor mesentenc artery (SMA), superior 
mesentenc vein (SMV), or portal vein (portal). (From Yeo CJ, Cameron 
JL. Pancreatic cancer. Curr Prohl Surg 1999;36'57, with pennission ) 

HISTOPATHOLOGIC DIAGNOSIS 

It has been the authors' practice at the Johns Hopkins Medical 
Institutions not to perform routine pancreatic biopsy either 
preoperatively or mtraoperatively in patients who present with 
obstructive jaundice from a mass in the head of the pancreas. 
The authors believe that such a biopsy is not indicated in the 
setting of a good-risk patient who is an operative candidate har­
bonng a climcally resectable pancreatic mass. This is because a 
positive biopsy result would lead to the recommendation for 
exploration and resection, and a negative biopsy would also 
lead to the recommendation for exploratIOn and resection, 
because we could not be certain there was not an underlying 
neoplasllC lesion requiring resection. As noted in Neoadjuvant 
Strategies, there IS a role for pancreatic biopsy (or biopsy of dis­
tant metastases in hver or subcutaneous lymph nodes) 111 poor­
risk patients in whom a major pancreatic resection is not possible 
or indicated, as they may be candidates for palliative chemorad­
ianon therapy or chemotherapy alone. Additionally, some form 
of llssue diagnOSIs to document adenocarcinoma is mandatory 
in patients who are to undergo preoperative neoadjuvant proto­
cols. Furthermore, biOpsy may be considered in patients whose 
clinical presentatIOn and imaging studies are not suggestive of 
pancreatic carcmoma but rather of more uncommon entities 
such as pancreatic lymphoma. In this situation, tlle diagnosis of 
lymphoma would preclude surgIcal exploration and allow treat­
ment via multIple-drug chemotherapy. 

In situations in which a pancreatic biopsy is necessary, 
options include eIther a percutaneous or an endoscopic 
approach. Although percutaneous biopsy is generally safe, seri­
ous complications, such as hemorrhage, pancreatitis, fistula, 
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abscess, and death, have been reported. Additionally, there 
have been reports of tumor seedmg along the subcutaneous 
tract of the needle and concerns regarding tumor dissemina­
tion by the act of capsular disrupt10n of the neoplasm. In gen­
eral, it is has been the authors' practice, when a pancreatic 
biopsy is needed, to proceed ,,,ith the apparendy safer tech­
nique ofEUS combmed with FNA.3 

LAP AROSCOPY 

The role of dlagnostic/stagmg laparoscopy in patients with PC 
remams controversial. The rationale for the use of laparoscopy 
comes from data indicating that between 20% and 40% of 
patients staged WIth modalities such as CT, MR, or EUS will be 
determined to have unanticipated peritoneal or liver metastases 
at laparotomy. Of note, part of the rationale for using laparos­
copy involves a presumed but unproven equivalence of nonop­
erative palliation with operative palliation in patients with PC. 
Proponents of laparoscopy believe it can Identify a substantial 
number of patients with advanced disease who will not benefit 
from laparotomy and recommend it be applied to all patients. 

Routine laparoscopy only makes sense if the percentage of 
patients discovered to have disseminated or unresectable dis­
ease remains high (20% to 40%) in the era of modern multide­
tector CT or MR!. In addition, it is important that patients who 
undergo laparoscopy to be spared laparotomy can be optimally 
palliated nonoperatively. Diagnostic/stagIng laparoscopy can 
unquestionably be performed with minimal morbidity and 
mortality on an outpatient basis. Any suspicious lesions are 
biopsed under direct VlS10n with frozen-section analysis. Of 
note, there are varying degrees of expertise in the application 
of laparoscopy, with some highly experienced groups perform­
ing a more extensive laparoscoplc evaluation.3•66,67 

At the current time the authors' practice uses staging lap­
aroscopy on a selected basis in patients with suspected adeno­
carcinoma of the body and tail of the pancreas. In such cases, 
up to 50% of patients can be expected to have peritoneal 
metastases not seen by modern Imaging studies. In contrast, 
patients presenting with obstructive jaundice secondary to 
tumors in the head of the pancreas typically have less than a 
20% incidence of unexpected intraperitoneal metastases after 
modem staging studies. Patients with left-sided tumors do not 
typically have either biliary or gastric outlet obstruction, and 
therefore they do not require routine palliation of biliary or 
gastric obstruction. Thus, in the group of patients with left­
sided tumors, laparoscopy can spare the patient an unnecessary 
laparotomy, because there is little role for operative palliation. 
However, in patients with right-sided tumors who present with 
obstructive jaundice, vague symptoms of gastric outlet obstruc­
tion, and tumor-related abdominal and back pain, the oppor­
tunity to proceed, even If unresectable, to biliary-enteric 
bypass, gastrojejunostomy, and alcohol celiac nerve block for 
optimal operative palhation makes it unnecessary to proceed 
to preoperative laparoscopy.3 

A report by Barreiro et al.68 underscores this practice of 
selective laparoscopy based on primary tumor site. In this ret­
rospective review of 188 patients with pancreatic or periampul­
lary cancer, all patients underwent high-quality CT and 
laparotomy over a 3-year penod. The overall resectability rate 
for all right-Sided cancers was 67%, compared to only 18% for 
left-sided tumors. After patients undergoing operative pallia-

tion were excluded, a nontherapeutic laparotomv could h 
. . -e been aVOlded by the use of diagnostic laparoscopy 111 onh 9<' 

of patients with right-sided tumors. In contrast, for patle"c 
with left-sided tumors, 53% of patients would have benefi~~ 
from laparoscopy, and 35% of all patients Wltll left-Sided 
tumors could have avoided an unnecessary laparotomy. 

lREATMENT OF POTENTIALLY 
RESECTABLE DISEASE 

RESECTIONAL APPROACHES 

Resectional approaches to pancreatic adenocarcinoma ale 
dIVided mto two types of procedures. First, procedures tim ale 
performed to resect nght-sided tumors typically involve some 
form of pancreaticoduodenectomy. Second, procedures to 
resect left-sided tumors involve distal or caudal pancreatectom\ 

Pancreaticoduodenectomy for Tumors of the Head, 
Neck, or Uncinate Process 

" 

The first successful resection of tlle duodenum and portion oj 

the pancreas for an ampullary tumor was reported 111 1912 b\ 
Kausch, a German surgeon from Berlin. More than 20 yean 
later, Allen O. Whipple and his associates in New York Clb 
reported three cases of pancreaticoduodenal resection, agal; 
for ampullary cancer. Although the early reports descnbe pan 
creaticoduodenal resections that spared the pylorus ane 
retamed the entire stomach, in the 1950s and 1960s, pancreatJ 
coduodenectomy was most commonly performed 111 combina 
tion with a distal gastrectomy (Fig. 29.3-12A). In the 19705, th, 
concept of pylorus preservation during pancreatlcoduodenee 
tomy was repopularized (Fig 29.3-12B). Pylorus preservation I 
favored because It preserves the entire gasuic reserVOir, mair 
tains the pyloric sphincter mechanism, somewhat shortens th 
operative time, appears to be associated with no COJ1SJSter 
adverse sequelae, and is not aSSOCIated With a long-term dew 
ment in quality of Me. Although some have cautioned that pyh 
rus preservation may compromise cancer therapy, this has J1( 

been supported by a significant number of data.3,69,7o In 80% t 

90% of tI1e authors' patients, the pylorus can be successful 
preserved. The two most common causes for sacrificmg th 
pylorus and performing a distal gastrectomy include (1) mtr 
operative findings of tumor involvement of the first portIOn ( 
the duodenum, pylorus, or distal stomach or (2) Ischemia, 
the duodenal cuff after resection, related to devasculanzatJon 

OPERATIVE 'TECHNIQUE. In dlOse patients who are beir 
explored for potential pancreaticoduodenectomy, the iJ1ltJ 
portion of the operative procedure is designed to asse,s f, 
resectabihty.3 Tumor involvement is searched for withm tI 
liver, on the parietal and visceral peritoneal surfaces, at tl 
level of the celiac axis lymph nodes, and throughout the abd 
men. By elevating the duodenum and head of the pancreas 0 

of the retropentoneum (Kocher maneuver), retropentollE 

involvement can be assessed and the superior mesentenc \e 
and its branches and the palpable superior mesentenc arte 
pulse can be Identified. The porta hepatis IS also carefu 
assessed by mobilizing the gallbladder out of the gallblacld 
fossa and following the cystic duct down to its Junction with [ 
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Retained 

B 

FIGURE 29.3-12. A: Classic pancreaucoduodenectomy, to include dIStal gastrectomy. Tap left. The struc­
tures resected mclude the distal stomach; entire duodenum and proxnnaljejunum; head, neck, and uncmate 
process of the pancreas WIth tumor (black); gallbladder; and distal extrahepatic biliary tree. Top rzght. The struc­
tures retained mclude the proximal stomach, body and tail of the pancreas, proximal biliary tree, and Jejunum 
distal to the ligament of Treitz. Bottom: Reconstruction is shown as a proximal end-to-end pancreaticojejunos­
tomy, hepaticojtjunostomy decompressed via a T tube, and a distal gastroJeJunostomy. B: Pylorus-preserving 
pancreaticoduodenectomy. Tap left. The structures resected include the duodenum (except for the initiall to 
2 cm beyond the pylorus and proximal jeJunum); head, neck, and uncinate process of the pancreas, WIth tumor 
(black); gallbladder; and dIstal extrahepatic biliary tree. Tap rzght The structures retained include the entire 
stomach, pylorus and proximal! to 2 cm of duodenum, body and tail of the pancreas, proximal biliary tree, and 
jejunum distal to the ligament of Treitz. Bottom; The reconstruCtlon is shown as a prmumal end-to-end pancre­
aticojejunostomy, hepaticojeJunostomy decompressed via a percutaneous transhepatic catheter, and a distal 
duodenojejunostomy. (From Yeo C], CameronJL. The pancreas. In. Hardy JD, ed. Hardy's textbook of surgery, 2nd 
ed. PhiladeJphia:JB Lippincott Co, 1988'717, with permission.) 

hepatic duct. In those cases that prove resectable, the 
assessment will determine that the tumor is 

only to the area of the head, neck, or uncinate pro-
of the pancreas, with no tumor involvement outside of the 

zone . 
. Several maneuvers can speed the performance of a p~n~re­
'~V'.lU\JU'OlltOClU1l1y and improve the safety of the operation. 

division of the extrahepatic biliary tree allows caudal 
of the distal common bile duct, opening the plane 
the anterior portion of the portal vein in an inferior 

The division of the proximal GI tract is typically per-
approximately 2 em distal to the pylorus, and distally 

jejunum 10 to 20 em beyond the ligament of Treitz is 
The superior mesenteric vein is identified in the plane 
the transverse mesocolon and the uncinate process, 
anterior to the third portion of the duodenum, fre­

surrounded by adipose tissue and receiving tributaries 
the uncinate process and the transverse mesocolon. The 

jejunum and distal duodenum can be delivered dor­
to the superior mesenteric vessels from the patient's left to 
right side, allowing easier dissection of the uncinate pro­
off the right lateral aspect of the superior mesenteric vein. 

Further steps in pancreaticoduodenal resectIOn involve the 
division of the pancreatic neck overlying the superior mesen­
teric vein-portal vein confluence and the final cautious dissec­
tion of the head and uncinate process from the right lateral 
aspects of the superior mesenteric vein, portal vein, and supe­
rior mesenteric artery. 

Multiple options exist for the reconstruction of the pan­
creas, bile duct, and GI tract.3 Most commonly the reconstruc­
tive technique involves an anastomosis of the pancreas first, 
followed by the bile duct and the duodenum or stomach (see 
Fig. 29.3-12). The pancreatic-enteric anastomosis is typically 
performed as a pancreaticojejunostomy, m either an end-to­
end or end-to-side fashion. Controversy continues regarding 
the importance of duct to mucosal sutures, the use of pancre­
atic ductal stenting, and the optimal configuration of the pan­
creaticojejunostomy. An alternative for pancreatic-enteric 
reconstruction involves the use of a pancreaticogastrostomy.71 
The biliary-enteric anastomosis is typically performed in end­
to-side fashion, approximately 10 em downstream on the jeju­
nal limb from the pancreaticoJejunal anastomosis. The third 
anastomosis is the duodenojejunostomy, performed 10 to 15 
em downstream from the bIliary-enteric anastomosis. A more 
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TABLE 29.3-8. Complicauons after Pancreaucoduodenectomy 

Common Uncommon 

Delayed gastnc empty~ng 
Pancreauc fistula 
Intraabdominal abscess 
Hemorrhage 
Wound infection 
Metabohc 

DIabetes 
Pancreatlc exocnne msufficlency 

(From ref. 75, WIth permIssion) 

FIstula 
Blhary 
Duodenal 
GastrlC 

Organ failure 
CardIac 
Hepatic 
Pulmonary 
Renal 

Pancreatitis 
Marginal ulceration 

complete description of the details of pancreaticoduodenal 
resection is available from numerous sources 72,73 

COMPLICATIONS. The operative mortality after pancreati­
coduodenectomy is currently less than 2% to 3% in major surgi-

cal centers with significant experience. The leading cau 
postoperative in-hospital mortality include cardiovascular e::s of 
sepsis, and hemorrhage. In conU-ast to the low mortalit), the .I)~ 
denc: of postoperative complications can approach 10%iI)C).", 
50%.'4--70 The leading causes of morbidity mclude disrupt tq 

10\\0 ,­
failure of healmg of the pancreatlc anastomoSIS (pancreati r 
tula), early delayed gastric empt)1l1g, inu-aabdominal ab C fl.,. 

SCess 
hemorrhage, and others (Table 29.3-8). Many of these COm I ' 
. h . I . I th f Plea. tlons ave mlmma Impact on eng 0 postoperative hos ' _ 

stay. Some complications prolong hospitalization and Pltal 
require mterventional radiologic tech11lques76 or reoperauo may n. 

CONTROVERSIES Several controversies are ongomg 
. . ~ 

tammg to the techmque and performance of paner . 
T' tau· coduodenectomy. I These mclude (1) extent of pancreati 

resection: partial pancreatectomy versus total pancreatectom~ 
(2) classIC pancreaticoduodenectomy versus pylorus-prese~~ 
ing pancreaticoduodenectomy, and (3) extent of penpancre_ 
atic and nodal resection' standard pancreaticoduodenectomv 
versus extended (or radical) pancreaticoduodenectomv ; 

The controversy regardmg the use of total pancreate~tomy as 
a treatment for patients with nght-sided PC has dlm1l11shed in 
recent years. Current practice avoids total pancreatectomy and 

Spleen 

Il'lfeI1or 
pancreatlcoduodenal 
v and a 

Supeoor 
meseruenc v 

FIGURE 29.3-13. Illustration near the completion of a dIstal pancreatectomy and splenectomy for a 
large tumor m the body of the pancreas The spleen and tall of the pancreas have been mobihzed out of 
the retroperitoneum. The pancreatic parenchyma is bemg diVIded usmg the electrocautery (From Cam­
eron]L. Atlas of surgery. Voll. Toronto BC Deckel, 1990.435, Image H, WIth permISSIOn.) 
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the performance of a partIal resectIon By aYOIdmg total 
._~,prtnt11V one aVOids the obhgate requirements for exog­

pancreatic enzyme supplements, avoids the mevitable 
. .,P"HJ""-'" of insulin-dependent DM, reduces the potential 
increased mtraoperatIve blood loss, and aVOids splenectomy 
the loss of splenic function Total pancreatectomy IS cur­

reserved for cases in which the pancreatIc adenocarci­
extends from the right side of the gland to the left or m 

cases m which the pancreatic remnant is too soft, friable, or 
to allow a safe pancreatic-enteric anastomosis. 

Because pylorus-preserving pancreaticoduodenectomy does 
appear to be assocIated with a conSIstent increased rate of 

sequelae and has equivalent survwal and quality of life as 
to classic resection, most groups are now favonng 

resections in patients Wlth pancreatic adeno­
Additional reasons to support pylorus preservation 

maintenance of pyloric sphincter functIon, mainte­
of the entire gastric reservOir, and more normal physiol-

as regards gastric acid secretion and hormone release. 
Several retrospective reports and a few prospectIve trials have 

that extended (radICal) pancreatIcoduodenectomy may 
survivalm patIents with pancreatic adenocarcinoma.78•79 

a prospective randomized trial at Johns Hopkins failed 
reveal a survival advantage for one type of extended resection.59 

this tnal, 294 patients with periampullary adenocarcinoma 
analyzed, having been allocated to standard pylorus-preserv­

illg pancreatIcoduodenectomy or radical pancreatIcoduodenec­
(Omy (which mcluded distal gastrectomy and retropentoneal 
.lymlph:lde,necto,my . Although the mortality between the two 

was similar (2% to 4%), significantly more complicatIons 
in the radical group (29% standard vs. 43% radical; P 

Pauents Wlth pancreatic adenocarcinoma (n = 163) had no 
diffierelnC(~S in either median, I-year, 3-year, or 5-year actuarial sur-

when companng between the standard and radical groups 
survival, 20 to 21 months; 2-year survival, 75%; 3-year sur-

37%; 5-year SUrvIval, 17%). From this, the largest prospec­
randomized clinical uial of standard versus radical resection, 

survival benefit appears to be derived from the addition of dis­
gastrectomy and retroperitoneal lymphadenectomy over a 

pylorus-preservmg pancreaticoduodenectomy. 

Pancreatectomy for Tumors of the Body and Tail 

minority of patients with pancreatic adenocarcinoma .. have 
arising m the left SIde of the pancreas. Such tumors 

, not obstruct the mtrapancre~tlc portIOn of the bile duct, 
do not present with early jaundice, and typically grow to a 
larger Size before diagnOSis. Left-sided tumors are associated 

a much higher incidence of metastatic disease, and the 
·""·uuvuu that curative resection will be possible is therefore 

for such left-sided tumors. However, if the tumor IS dis­
when it is locahzed, not encasing in the celiac axis 

the supenor mesenteric or portal venous systems, resec­
remains a surgical option Importantly, involvement of 

the splel11c artery or the splenic vein, or both, does 
alone render the patient un resectable, as the entirety of 

vessels can be resected en bloc with the tumor. In addi­
to routine imaging studies mcluding either multidetec­

. three-dimensional CT or modern MR, there appears to be 
ah important role for staging laparoscopy in patients with left­

tumors 3 
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At exploration the entire abdomen IS evaluated for meta­
static disease The lesser omentum is opened to allow assess­
ment of the celiac axis and periaortic regIOn. Similarly, the 
greater omentum is dhided through the gastrocolic ligament, 
allowing the entirety of the pancreatIc body and tail to be 
assessed. Furthermore, the ligament of Treitz IS carefully evalu­
ated because tumors in the body of the pancreas may mvade 
the fourth portIOn of the duodenum at this site. 

Locahzed tumors without extensive vascular or retroperitoneal 
ll1volvement are appropriate for surgical resectIon. Splenic preser­
vation is typically not mdicated when the resection is being per­
formed for pancreatic adenocarcinoma. Therefore, the spleen is 
mobilized out of the retropentoneum, often with early ligation of 
the splemc artery. The short gastnc vessels along the gastl1C 
greater curvature require division, as do the vessels within the 
splenocolic ligament. Mobilization of the spleen from the retro­
pentoneum facilitates dissection of the tail of the pancreas and 
elevatIon of the tumor toward the midlme (Fig. 29.3-13). 

The resectability rates for adenocarcinoma of the left side of 
the pancreas 111 the era before routine stagll1g laparoscopy 
were approximately 10%. The use of staging laparoscopy, in 
addition to modern CT and MR, has improved the resectability 
rates. A comparison between the results for nght-sided pancre­
atIc resection (pancreaticoduodenectomy) and left-sided pan­
creatic resection (dIstal pancreatectomy) is shown in Table 
29.3-9 In general, at the time of resectIon, left-sided tumors 
are larger, have a lesser degree of lymph node ll1volvement, 
and are associated Wlth a somewhat poorer outcome.3•80,81 

PALLIATIVE SURGERY 

PalliatIve surgery for pancreatic adenocarcinoma is appropriate 
in patients discovered to have unresectable disease at the time of 
planned resection or in good-risk patients whose tumor-related 
symptoms are poorly alleViated by non operative means. Pallia-

TABLE 29.3-9. Right-Sided versus Left-Sided Pancreatic 
Resection:Johns Hopkins Experience (1984-1999) 

Tumor diameter 
PosItLVe resection 

margms 
Posiuve lymph 

node status (Nl) 
Postoperauve 

mortality 
Overall complIca­

tions 
MedIan length of 

postoperative 
hospItal stay 

SurVIval 
1 y 
5y 
Median 

NS, not signIficant. 

Rlght-Slded 
(Pancreatl-
coduocienectomy; 
n = 564) 

3.1 cm 
30% 

73% 

2.3% 

31% 

lld 

64% 
17% 
18mo 

(From ref. 2, 'wIth permI,slOn.) 

Left-Slded 
(Dzstal 
Pancreatectomy; 
n =52) 

47cm 
20% 

59% 

19% 

25% 

7d 

50% 
15% 
12 mo 

P 
Value 

< 001 
NS 

.03 

NS 

NS 

NS 

NS 
NS 
NS 
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tive surgery is most appropriate for patients with right-sided 
tumors and IS designed to relIeve bilIaIY obstructIon, avoid or 
treat duodenal obstruction, palliate tumor-associated pain, and 
Improve qualIty oflife 3 

The surgical procedures for pallIatIon of obstI'uctive Jaundice 
all include some form of an internal biliary bypass. The three most 
common techl11ques used include hepatlco- or choledochoj~un­
ostomy, choledochoduodenostomv, or cholecystojejunostomy. 
The preferred technique is hepatica- or choledochojejunostomy, 
with the gallbladder being removed before mobilIzation of the bIl­
iary tree. Although choledochoduodenostomy provides effectIve 
relIef of obstruCTIve jaundice m a number of benign COndITIOnS, It 
has generally been avoided m patients with PC due to concerns 
regardmg the proXimity of the bllIary-enteric anastomosis to the 
tumor, with the possibilIty of recurrent jaundice. Although chole­
cystoJejunostomy has been advocated by some surgeons (because 
it can be performed quickly and can be done laparoscoplcally) 
and does not reqUIre dissection of the extrahepatic biliary tree, 
data do not support its use because of recurrent jaundice. A 
number of retrospective reVIews have compared the short- and 
long-term results after hepatico(choJedocho)jejunostomy and 
cholecystojejunostomy for palliatIon of obstructive jaundice. In a 
classic review,82 although operative mortahty and long-term sur-

vival were similar, the inCIdence of recurrent Jaundice II' 

after hepatico(choledocho)Jejunostomy, compared to ~ 
patients undergoing cholecystojejunostomy. Furthenn G 

ore· . 
metaanalysis83 found that cholecystojejunostomy carried 0 I' a. 
89% success rate for alleviatIng jaundice, compared to a 97~ Y <Ill , 
cess rate with hepatico(choledocho )jejunostomy.3 0 SUe. 

At the time of diagnosis of right-sided PC, up to one-third 
patients have some symptoms of nausea, early satiety, and/or <i 
ItIng. Over the years, information has accrued regarding the :Ollk 
ral history of duodenal obstruction associated with PC. In a at\!. 
of more than 8000 surgically managed patients, 13% who did 
undergo gastrojejunostomy at their initial operation required nOt 
trojejunostomy before their death, and an additional 20% ~ , 
patients died with symptoms of duodenal obstruction.82 In ad; 
tIon, an analysis of more than 1600 cases found that 17% ~ 
patients who underwent biliary bypass alone developed duode~ 
obstruction at a mean of 8.6 months after operation and required 
subsequent gastric bypass.83 To date, only one prospective ran­
domized trial has evaluated the role of prophylactic gastrojeJuno&o 
tomy in patients found at laparotomy to have unresectable 
right-sided PC.84 In this study, 87 patients without evidence of 
preoperative duodenal obstruction or intraoperative tumor 
encroachment around the duodenal C loop were randomized to 

FIGURE 29.3- t 4. Anatomy after one method of a completed double-bypass procedure Rzght· Retro­
coilc gastroJeJunostomy, performed to the dependent portion of the gastric greater curvature. Left End-to­
side hepatlcoJeJunostomy to a retrocoilc JeJunal loop, With a downstream slde-to-slde enteroenterostomy 
The gallbladder has been removed (From Cameron JL Atlas of surgery. Vol 1. Toronto. Be Decker, 
1990427, Image V, With permiSSIOn) 

J' 

,1 

P 
h 

p 



eldler a prophylactic retrocolic gastrojejunostomy or no 
procedure. Almough me postoperatIve mortality, morbidity, 

._~,,,r;lllVC lengdl of hospital stay, and mean survival were sinu­
S of 43 patients (19%) Wlmout gastrojejunostomy developed 
gastrIC outlet obstruction requiring intervention, whereas no 

m me prophylactic gastrojejunostomy group required 
intervention (P<.Ol). Based on mese data and me results 

previous retrospective analyses, me aumors typICally performed 
.~~ArC\IIL gastrojejunostomy in patIents found at laparotomy to 

IWresectable right-sided pancreatic adenocarcinoma.3 The 
Ull'U~L~H'r is usually performed as an isoperistaltic loop 

,rflceOlUC, using me jejunum 20 to 30 cm beyond me ligament of 
and placing me horizontal gastrotomy posterior, in me 

dependent portion of me gastric greater curvature (Fig. 
4). USIng mis technique me Incidence of gastric-emptying 

appears to be low, and hospital discharge is not 
Importantly, vagotomy is not performed for me pallia­

of PC, as it may furmer contribute to delayed gastric empty­
Instead, proton pump inhibitors are given to reduce gastric 
secretion, designed to prevent marginal ulceration.3 

The abdominal and back pain assOCiated Wlm an unre­
pancreatic adenocarcinoma can be unremitting, nar­

requiring, and a major debilitating symptom for the 
At the time of palliative surgery, this symptom can be 

by intraoperative chemical (alcohol) block. Only 
prospective, randomized placebo-controlled trial of intra­

~_o,r~t"''' alcohol block has been reported. In mls study from 
Hopkins, the alcohol block (chemical splanchnicec­

tomy) was performed by'injection of eimer 20 mL 50% alcohol 
a salIne placebo of eimer side of me aorta at the level of the 

celiac axIS.S5 Data analyses indicated that mean pain scores (as 
recorded on a visual analog scale) were significantly lower in 
the patients who received the alcohol block, as compared to 
the patients who were given the saline placebo. These data sup­

me routine performance of intraoperative alcohol block 
patients undergoing operative palliation for unresectable 

pancreatic adenocarcinoma. 
The most recently published Johns Hopkins expenence 

with surgical palliatIOn of unresectable pancreatic adenocarci­
noma is summarized in Table 29.3-10. Over a 6-year period, 256 
patients underwent such operative palliation.86 In this group, 
68% of the patients were unresectable due to liver or perito­
neal metastases, and 32% were unresectable due to local vascu­

invasion. The most common operative procedures were 
block (75%), biliary plus gastric bypass (51 %), and gas-

bypass alone (19%). Some patients had pnor operative 
for biliary bypass, whereas some individuals had 

nonoperative biliary decompreSSIOn (via endoprosthesis 
percutaneous drain) that was left intact. The postoperative 

'U-"V'UH.<l" mortality was 3.1 %, the complication rate was 22%, 
the length of postoperative hospital stay was 10 days. The 

,median survival was 6.5 months, wim 1- and 2-year survivals of 
25% and 9%, respectively. 

TIVE ADJUVANT THERAPY 

Despite insights into the overall understandIng of PC at me 
level, improved imagIng techniques to Identify dis-

at an earlier stage, and improved surgical techniques, the 
. survival is still approximately 15% to 20% for resectable 

disease and 3% for all stages combined.3,80 The role of adjuvant 
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TABLE 29.3-10. Johns Hopkins Experience with Surgical 
Palliation (n = 256 patients) 

Age 
Gender 
PresentIng symptoms 

Abdominal pain 
Jaundice 

Procedures 
Chemical splanchnicectomy 
BIlIary and gastric bypass 
Gastric bypass 

OperatIve time 
TransfUSIOns (mean) 
Operative mortality 
Overall morbidity 
Postoperative length of stay 
Median survival 
l-y survival 
2-y survival 

64y 
57% male 

64% 
57% 

75% 
51% 
19% 
3.9h 
o 
3.1% 

22% 
10 d 
6.5mo 

25% 
9% 

(From Sohn TA, Lillemoe KD, CameronJL, et al. Surgical pallIation of 
unresectable periampullary adenocarcmoma in the 1990s. ] Am Coli 
Surg 1999;188658, WIth permiSSIOn.) 

therapy for patients Wlm resected disease IS underscored by the 
pattern of disease relapse after surgical resection. Several retro­
spective analyses have demonstrated mat, in addition to me 
development of distant metastases, local-regional recurrence 
occurs in greater than 50% of patients who have undergone 
potentially curative resection. The combined use of chemo­
therapy with regionally directed radiation has long been pro­
posed as a method to control local-regional disease as well as to 
treat microscopic metastatic disease. 

The current standard of 5-fluorouraCll (5-FU)-based com­
bined modality chemoradiotherapy is based on In VItro data, 
animal studies, and a series of human studIes, me most notable 
being those from the Gastrointestinal Tumor Study Group 
(GITSG). This study, using split-course irradiation in modest 
doses Wlm concurrent bolus (5-FU) followed by maintenance 
5-FU, demonstrated a survival advantage for me therapy in 
comparison to surgery alone.87 Almough criticized for slow and 
limited accrual, me GITSG study was the first to document mat 
adjuvant therapy after surgical resection for pancreatic surgery 
prolonged survival. Additional studies by the GITSG demon­
strated the benefit of combined chemoradiomerapy versus 
chemomerapy alone or radiation therapy alone for patients 
with resectable disease.s8 

A number of groups have further developed this approach 
(Table 29.3_11).89-100 The Johns Hopkins Hospital published 
results of a single-institution prospective but nonrandomized 
trial that was designed to evaluate survival benefit in patients 
with PC after surgical resection.8S This report, involving 174 
patIents, demonstrated that patients receiving GITSG-style che­
moradiotherapy with maintenance 5-FU truncated at 6 months 
(rather than 2 years), or a more intensive regimen (involving 
hIgher doses of irradiation as well as hepatic irradiation admin­
istered without interruptIOn and wim continuous-infusIOn 5-
FU chemotherapy augmented with leukovorin), did better 
man patients receiving no postsurgical therapy. The median 
survival for the more standard regimen was 21 months, Wlm l­
and 2-year survivals at 80% and 44%. For the intensive regi-
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T.!\'BLE 29.3·11. Adjuvant Studies m PancreatIC Cancer 

l-Y 2-Y 5-Y-----.... 
EBRT Medzan Survival SurvIVal SurvIVal 

Adjuvant Study No of Patients Dose (Gy) Chemotherapy Survival (Mo) (%) (%) (%) 

GITSG,198587 22 surgery alone None None 11 49 15 ~ 
21 to chemorad 40 split 5-FUbolus 20 (p= 01) 63 42 NR 

course 
GITSG, 198788 30 40 split 5-FU bolus 18 67 46 NR 

course 
WhIttington et aI., 33 surgery alone None None 15 70 (est) 30 (est) 8 (3}) 

1991241 

10 rad alone 45-63 None 15 72 (est) 40 (est) 5 (3 y) 
28 chemorad 45-63 5-FU bolus and 16 75 (est) 55 (est) 34 (3 y) 

MMC 
Foo et aI., 1993242 29 35.1-60.0 5-FU bolus 228 NR 48 12 
Spitz et aI., 199797 19 50.4 5-FU CI 22 70 (est) 42 (est) 40 (est) 
Yeo et aI., 199789 53 surgery alone None None 13.5 54 30 NR 

99 "standard" 40-45 splIt 5-FU bolus 21 (P= .002) 80 44 NR 
course 

21 "mtenslve" 504-57.6 5-FU CI + leuko- 17.5 (P= .252) 70 22 NR 
splIt course vonn 

WIth liver 
23.4-27.0 

Demeure et al., 30 surgery alone None None 16.9 90 (est) 20 (est) 0 
1998243 , 

(Stage I 29 patIents) 31 chemorad 504-540 5-FU bolus or CI 24.2 (P<.05) 100 (est) 50 (est) 50 (e~t) ." 

" .;! Pendurthi and Hoff- 23 504 5-FU bolus or CI 25 
~~ man, 1998234 

~!;~ Abrams et a!., 199990 23 504-57.6, 5-FU CI 15.9 62 (est) 25 (est) NR 
with hver 
23.4-27.0 

EORTC, 1999244 54 surgery alone None None 12.6 40 (est) 23 10 
60 chemorad 40 5-FU bolus 171 (P= .099) 65 (est) 37 20 

Paulino et aI., 199998 30 chemorad 30.6-64.8 5-FU bolus or CI 26 (P= .004) 84 52 NR 
j!, 

8 rad alone 30.6-648 None 5.5 0 0 0 ~ 
II: Mehta et aI., 200092 52 54 5-FU CI 32 80 62 39 'f. ' ,:~ 
,~ "I Nukui et aI., 200093 16 45-54 5-FU bolus or CI 185 92 (est) 84 Not reached 
" , .. 

17 . 45-54 5-FU CI Wlth cis- Not reached 80 (est) 50 (est) 25 (est) 
<~ 

platin and IFN-a 

,~ .. if 
Chakravarthy et aI., 29 50 split 5-FU CI with MMC 16 84 60 NR 

200099 course andDPM , . 
k ~~ ~~' Sohn et aI., 200080 119 surgery None None 11 48 22 (est) 9 

~ ~ ::~ alone 

"': I "I (Retrospective study) 333 adjuvant tx 40-50 5-FU / ± MMC, DPM 19 (P<.OOOI) 71 38 (est) 20 
~~' ESPACl, 2001 245 200 surgery None None 16.1 NA NA NR 

~~ t,~ alone I: I""' 
~II" 103 chemorad 40 splIt None 155 NA NA NR 

~I iNt,:~ course 
lIu, ,~ " .. 

166 chemo None 5-FU bolus 19.7 60 (est) 39 (est) 16 (est) i:'~ I~') 
, "') ",\ '. alone "II." 

72 chemorad 40 splIt 5-FUbolus NA NA NA NR 
with addl- course 
tlOnal chemo 

Picozzi et aI., 200394 53 45-50 5-FU CI with cis- 46 88 53 49 
platin and IFN-a 

Van Laethem et aI., 22 40 spIlt Gemcitabme 15 50 (est) 15 (est) NR 
2003246 course 

chemorad, chemoradlOtherapy; CI, continuous infUSIon, DPM, dipyridamole; EBRT, external-beam radiation therapy; EORTC, European OrgaDl-
zation for Research and Treatment of Cancer; est, estimated, 5-FU, 5-fluorouraCll; GITSG, Gastromtestmal Tumor Study Group; IFN, mterf~l on, 
MMC, mItomycin C; NA, not aVailable; NR, not reported; rad, radlOtherapy, tx, therapy 

men, the median survival was 17.5 months, with 1- and 2-year and Abrams et al.gO The critical prognostic factors appear to be 
survivals at 70% and 22%. For the control arm, the median sur- the status of resection margins, lymph node mvolvement (espe-
vival was 13.5 months, with survival at 1 and 2 years at 54% and dally having more than 3 lymph nodes mvolved), tumor SIZe 
30%. This approach has been further refined by Sohn et al.8O greater than 3 em, and the presence of a poorly differentIated 

-
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~f)"W_'H mthm the tumor. Using these factors, patients can 
.~~~p,ya[eu into high-risk and low-risk groups, with median 

after standard adjuvant therapy being 30.5 months for 
pauents and 14 months for high-risk patients. 

In an effort to enhance the activity of chemotherapy in PC, 
agents have been exammed in combmation with 5-FU. 
IS an antitumor anubiotic with activity in several GI can­

includmg PC. The University of California at Los Angeles 
has published their expenence using MMC (10 mg/m2 N 

6 weeks) and 5-FU (200 mg/m2/ d admmistered via conun­
infusion), in combmation with leukovorin (30 mg/m2 

and dipyndamole (75 mg PO dally), in 38 pauents with 
advanced pancreauc carcinoma.91 Of these, there were 14 
responders with one complete response. The median sur­

for all patients was 15.5 months, which is an improvement 
historic data for local-regional advanced disease. This regi­
has subsequently been applied to resected PC in combina­
with radiotherapy. The Johns Hopkins group has presented 
on 39 pauents WIth PC after surgical resection, treated with 

nJlllV"'~- radIOtherapy (50 Gy m 25 fractions with a planned 2-
break after 25 Gy) and chemotherapy consisung of 5-FU, 

m2 days 1 to 3; MMC, 10 mg/m2 day 1; leukovorin, 20 
days 1 to 3; and dipyridamole, 75 mg PO q.i.d. days 0 to 4 

adrninlst<~red on weeks 1 and 4. One month after combined che­
pauents received four additional cycles (4 

of the same chemotherapy alone. At 12.6 months 
follow-up, median survival was 16 months.90 

The Virginia Mason Medical Center published their experi­
"euce with 33 patients with resected pancreatic adenocarcinoma 
"who received combined radiotherapy (external beam at a dose 

45 to 54 Gy in standard fractions days 1 to 35) and chemother-
apy (5-FU, 200 mg/m2/d as continuous infusion; weekly CIS­

)latin, 30 mg/m2 N bolus; and mterferon-a, 3 million units 
subcutaneously every other day) during radiation or GITSG-type 
"chemotherapy WIth radiation therapy.93 After combmed modality 
chemoradlOtherapy, chemotherapy alone was admmistered (5-

200 mg/m2/d as continuous infusion) in two 6-week courses 
dunngweeks 9 to 14 and 17 to 22. Of note, 13 ofl7 patients ran­

"domized to the interferon-based chemoradiotherapy had posi-
tive lymph nodes compared to only 7 of 16 patients randomized 

the GITSG-based chemoradiotherapy. Significant grade III/N 
'GI toxicities occurred, mcluding vomiung, mucositis, diarrhea, 
_-and GI bleeding m the interferon-based chemotherapy group, 
"requiring hospitalization in 35% of pauents. However, the in.yor-
tty of pauents were still able to receive more than 80% of the 

therapy. The median overall survival and 2-year actuar­
survival rates were 18.5 months and 54% for patients receiving 

GITSG-based chemoradiotherapy. In contrast, the median 
and 2-year survivals were greater than 24 months and 

84% for the interferon-based chemoradiotherapy. The Virginia 
Mason group has presented a follow-up study of 53 patients with 

pancreas cancer treated with similar interferon-based 
. TOXicities including anorexia, dehydrauon, 
, ~iarrhea, mucositis, nausea, and vomiting necessitated hospital­
,Izauon m 23 of 53 patients. However, the clinical efficacy remains 
-very encouragmg, with a median sUfVlval of 46 months and a 2-
year survival of 53%.94 The American College of Surgeons 

_ OnCOlogy Group is coordinating a multiinsututional phase II 
StUdy of thiS interferon-based chemoradiation regimen in 

:patients 'with pancreatic adenocarcinoma who have undergone 
resection. 
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In July 2002, the Radiation Therapy Oncology Group closed 
R97-04. This phase III study of 518 PC patients randomized 
patients between two arms: (1) 5-FU continuous infusion (250 
mg/m2/d for 3 weeks), followed by 5-FU continuous infUSIOn 
(250 mg/m2/d) dunng radiation therapy (50.4 Gy in 1.8-Gy 
fracuons), followed by two cycles 5-FU continuous infusion; 
and (2) gemcitabme, 1000 mg/m2 weekly x 3, followed by 5-FU 
conunuous mfuslOn during radiation therapy, followed by 
three cycles gemCltabine alone. The experimental question 
being asked was whether gemcitabme before and after 5-FU­
based chemoradlOtherapy would be more efficacious than con­
tmuous-infusion 5-FU before and after the same 5-FU-based 
chemoradiotherapy. In 1997, when this study was designed, 
there was inadequate knowledge regarding how to safely 
administer gemCltabine concurrently with irradiation to allow 
for concurrent gemcitabine and radiotherapy. This study was 
the first North American cooperative group trial since the 
GITSG trial. Although the survival results for this trial will not 
be known until late 2004, a number of important observations 
have already been made. These mclude the fact that neither 
arm was assOCIated with unacceptable acute toxicity during the 
tnal; that accrual was quite rapid (12 to 14 patients per 
month), reflecting the support of the Eastern Cooperative 
Oncology Group (ECOG) and the Southwest Oncology Group; 
and the willmgness of patients and their phYSicians to partici­
pate in adjuvant trials for PC.3 

Despite a growing body of literature supporting the benefit 
of adjuvant combined modalIty therapy after potentially defini­
tive resection in patients with high risk for recurrence, adju­
vant chemoradiation has not been universally accepted as 
standard of care. One of the criticisms has been that none of 
these studies included an observation-only arm. Two studies 
have questioned the benefits of adjuvant chemoradiation. 

A European Organization for Research and Treatment of 
Cancer (EORTC) trial randomized 218 patients with pancre­
atic and nonpancreatic periampullary adenocarcinoma 2 to 8 
weeks after potentially curative resection to either observation 
alone or to combined radIOtherapy (40 Gy usmg a three- or 
four-field technique in 2-Gy fractions with a 2-week break at 
midtreatment) and chemotherapy (5-FU admmistered as a 
continuous mfuslOn, 25 mg/kg/d during the first week of each 
2-week radiation therapy module only).95 No postradiation 
chemotherapy was administered. Median progression-free sur­
vival was 16 months in the observation arm versus 17.4 months 
in the treatment arm (P= .643). Median survival was 19 months 
in the observation group versus 24.5 months in the treatment 
group but was not statistically sigmficant (P = .737). For the 
subgroup of patients with pancreatic adenocarcinoma (n = 

114), the median survival was 12.6 months in the observation 
group versus 17.1 months in the treatment arm but was not sta­
tistically Significant (P = .099). Of note, 21 of 104 patients ran­
domized to the treatment arm were not treated. In addition, 
although the original dose of 5-FU was already modest, 35 
patients in the treatment arm received only 3 days of 5-FU dur­
ing the second module of radiotherapy, secondary to grade 1/ 
II tOXIcities. Therefore, this study could be reinterpreted as an 
underpowered, pOSSIbly posiuve study. 

The European Study Group for Pancreauc Cancer random­
ized 541 patients 'with pancreauc adenocarcinoma m a four-ann 
trial, based on a two-by-two factorial design: (1) observation, 
(2) concomitant chemoradlOtherapy alone (20 Gy in 10 frac-
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tions over 2 weeks ,,,,,nh 500 mg/m2 5-FU IV bolus during the first 
3 days of radiation therapy; the module is repeated after a 
planned 2-week break) followed by no addltlonal chemotherapy, 
(3) chemotherapy alone (leukovorin, 20 mg/m2 bolus, followed 
by 5-FU, 425 mg/m2 administered for 5 consecutive days 
repeated every 28 days for 6 cycles), and (4) chemoradiotherapy 
followed by chemotherapy,96 No Significant difference was found 
in survival between patients assigned to chemoradiotherapy 
(median survival, 15.5 months) versus observation (median sur­
vival, 16.1 months; P= .24). The survival data were similar in the 
subset (n = 285 patients) randomized through the two-by-two 
design. In contrast, there was a sUrvlval advantage for those 
patients treated With chemotherapy alone (median survival, 19.7 
months) versus the observation arm (median survival, 14 
months; P = .0005). For the same subset randomized through 
the original two-by-two design, survival demonstrated a trend 
toward improved survival for chemotherapy alone (median sur­
vival, 174 months) versus observation alone (15.9 months) but 
was not statistically significant (P= .19). Multivariate analysis for 
known prognostic factors, including margin status, lymph node 
involvement, tumor grade, and size, did not alter the effect for 
chemoradiotherapy treatment. The study authors concluded 
that there was no survival benefit for adjuvant chemoradiother­
apy and that a potentlal benefit existed for adjuvant chemother­
apy alone after surgical resectlon. 

Although this European Study Group for Pancreatic Cancer 
trial was a randomized study consisting of more than 500 
patients, its conclusions should be carefully measured.3 To 
encourage maximal patient recruitment, the study was modi­
fied in that 68 patients were assigned separately and random­
ized to either chemoradiotherapy or observation. In addition, 
188 patients were subsequently assigned separately and ran­
domized to either chemotherapy alone or observation. In a 
sense, three randomizations were possible for mclusion into 
the same study. Also, patients in the additional two randomiza­
tions could have potentially received "background chemother­
apy or chemotherapy" that was not specifically defined. The 
background treatment was not known in 82 eligible patients. 
Of note, these patients were still assigned into an arm of the 
study despite lack of definitive knowledge of prior therapy. 
Finally, 25 of the eligible 541 patients refused to accept their 
randomization, and an additional 25 patients withdrew secon­
dary to treatment toxicities. 

NEOADJUV ANT STRATEGIES 

Neoadjuvant therapy IS a potentially attractive alternative to cur­
rent postoperative adjuvant chemoradiation for several reasons: 

1. Radiation is more effective on well-oxygenated cells that 
have not been devascularized by surgery. 

2. Contamination and subsequent seeding of the perito­
neum with tumor cells secondary to surgery could theo­
retically be reduced. 

3. Patients with metastatlc disease on restaging after neoad­
Juvant therapy would not need to undergo defimtive 
resection and might benefit from palliative intervention. 

4. The risk of delaying adjuvant therapy would be eliminated 
because it would be delIvered in the neoadjuvant setting. 

A number of groups have further developed thiS approach 
(Table 29.3-12) .91.97,101-107 

The M. D. Anderson Cancer Center (MDACC) pubr 
their experience of 132 patients with localIzed reSectableiSQed 
creatic adenocarcinoma treated preoperatively With fadl p~~ 
therapy (45.0 to 50.4 Gy in standard 1.8-G) fractions or coatiOll 

ing of 30 Gy rapid fractionation in 3 Gy/fraction) Comb~sISl' 
with chemotherapy (5-FU continuous infusion, 300 mg/~~d 
or gemCltabine, 400 mg/m2/wk, or paclitaxel, 60 mg/m2/ ,:' 
followed by surgical resection. IOI No surgical delays occurre~ ) 
the neoadjuvant group, but delays were noted In 6 of ~n 
patlents who underwent surgical resection first. At a medl 5 
follow-up of 19 months, no significant differences In SUf\i~~ 
were noted between treatment groups, with overall medIans 
vivals of 21 months, Ur· 

The Fox Chase Cancer Center published their expenence of 
53 patients with localized resectable PC who were U-eated pre. 
operatlvely with radiation therapy (50.4 Gy in 180-cGy frac. 
tions) and chemotherapy (MMC, 10 mg/m2 day 2, With 5-FU 
1000 mg/m2/d continuous infusion days 2 to 5 and 29 t~ 
32) .102 Forty-one patients subsequently underwent exploratory 
laparotomy at the conclusion of preoperative chemoradlatlOn, 
From this group of patients, 17 were not resectable (including 
11 patients with hepatic or peritoneal metastases and 6 patients 
with local extension that precluded resection). Twenty-four 
patients eventually underwent potentially curative resection, 
Significant treatment-related hematologic and nonhematolOgIC 
toxicities were identified, including one patient with treatment. 
related toxicities that precluded reexploratlOn. Median survival 
for the entire group was 9.7 months and 15.7 months for the 
group that underwent surgical resection. 

The Fox Chase group has since published a follow-up study 
of 30 patients with localized resectable PC of whom 26 received 
preoperative radiation therapy (50.4 Gy) with 5-FU contmuous 
infuslon. I03 Fourteen patlents who received preoperative ther­
apy subsequently underwent resection. Median survival was 34 
months for the resected group, compared to 8 months in the 
group that could not be resected. 

The MDACC have also used neoadjuvant paclitaxel, 60 mg/ 
m 2 over 3 hours weekly with 30 Gy radiatlon therapy rapid frac­
tionation. I04 Of note, if patients could undergo surgical resec· 
tion, they could also have received intraoperative radiation 
therapy. Grade III hematologic and nonhematologic toxicitIes 
were identified in 16 patIents. No delays in surgery were attribut­
able to preoperative therapy. Twenty of 25 patients who under­
went exploratory laparotomy underwent surgical resection; 
there were no histologic complete responders. With a median 
follow-up of 45 months, 3-year survival for these patIents after 
potentially curative resectlon was 28%, with an overall median 
survival of 19 months. 

Although the distinction between resectable and loca!I~ 
advanced unresectable disease has been clanfied by the AJeC 
sixth editlon staging (locally advanced unresectablc = T4, stage 
III), the distinction between potentially resectable versm unre­
sectable disease can be challenging and can have Important 
Implications from a therapeutic and from a reporting perspectI\e. 
Currently, ECOG is planning to open a prospective random' 
ized trial, allocating patients to intensified gemCltabme-based 

or gemcitabine/5-FU /platinum-based chemoradiotherap~ In 
a neoadiuvant setting. This trIal makes an Important dlstInC

-
" . !Iv tion between clearly unresectable disease and potentIa, 

resectable disease, especially around the issues of partIal ,ersu~ 
complete encasement of the superior mesenteric arter, an 
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Treatment of Lomlly Advanced DISease 969 

Neoadjuvant Studies in Patients with Resectable PancreatIc Cancer 

i\iIedzan 
Medzan Survzval 
Survzval (Resected l-Y 2-Y 5-Y 

Evaluable EBRT (AllPatzents Patzents SurVIval Survzval Survzval 
Patzents % Resected (Gy) Chemotherapy In lvIo) In iHo) (%) (%) (%) 

28 17 (61%) 50.4 + 5-FU CI NA NA NA NA NA 
IORT 

34 11 (32%) 50.4 5-FU bolus and NA 45 70 (est) 60 (est) 40 (est) 
MMC 

39 39 (100%) 30 or 50.4 5-FUCI 19 19 75 (est) 35 (est) NA 
and 
IORT 

91 52 (57%) 30 or 50 4 5-FUCI 202 192 76 (est) 38 (est) 28 (est) 

70 25 (36%) 50.4 5-FU bolus and NA 20 75 (e,t) 40 (est) 8 (est) 
MMC 

53 24 (45%) 504 5-FU bolus and 97 157 72 27 8 
MMC 

35 20 (74%) 30+ IORT 5-FUCI 7 25 84 56 (est) NA 

38 4 (10%) None 5-FU CI/MMC/ 155 41 100 75 NA 
DPM 

53 resect- 28 (53%) 45 5-FU CI and Not reached Not 100 52 (est) 38 (est) 
able MMC/CDDP reached 

58 11 (19%) 45 5-FU CI and Not reached Not 65 (est) 16 (est) 0 
advanced MMC/CDDP reached 

132 132 (100%) 30.0-50.4 5-FU CI or Gem 21 21 78 (est) 50 (est) 23 
and/or or pachtaxel 
IORT (TaxoI) 

19 15 (79%) 30 or 45 5-FU bolus and 20 30 NA 52 NA 
CDDP 

26 14 (54%) 50.4 5-FU and/or NA 34 75 (est) 68 45 
MMCorGem 

35 20 (57%) 30 and Pachtaxel 12 19 75 (est) 35 (est) 10 (est) 
IORT 

32 19 (59%) 30 or 45 5-FU CI + CDDP 16 30 82 (est) 59 NA 

cisplatin; CI, contmuous infusIOn; DPM, dipyndamole; EBRT, external-beam radiation therapy; IFN, mterferon; IORT, mtraop radiation 
5-FU, 5-fluorouracil; Gem, gemcitabme, MMC, mltomycm-C, NA, not available. 

length of superior mesenteric vein involved by tumor at im­
presentation. 

date, the current data demonstrate that, although neoad­
chemoradiotherapy can be administered safely, there is 

survival advarltage to this strategy compared to postop-
therapy. In the realm of marginally resectable patients, it 

to be seen whether there is a meaningful cohort of 
for whom this approach may represent an important 
. advantage based on "down-staging" and subsequent 
surgical outcomes. 

TMENT OF LOCALLY 
ANCED DISEASE 

advanced PC is most commonly defined as patients with 
sixth edition T4 lesions, in which the primary tumor 

branches of the celiac axis or the superior mesenteric 
Such involvement connotes an unresectable primary 
and represents stage III disease. Such patients may 
nonoperative palliation of disease-related processes such 

at> obstructIve jaundlCe, gastroduodenal obstruction, or abdominal 
pain. In some settings operatIve palliation can additionally be 
used. Focused anticancer treatment for such locally advanced pan­
creatic adenocarcmoma can mvolve chemoradiation approaches, 
chemotherapy alone, or locally directed therapy. 

NONOPERATIVE PALLIATION 

The nonoperative pallIatIVe management of patIents with PC 
can be applied to those With unre~ectable locally advanced dis­
ease, less frequently to patients with distant metastases, or to 
patients with acute or chrome debilItatIng diseases that make 
anesthesia and surgery prohibitive.3 The one exception to 
these indications favoring nonoperatIve management are those 
patients with symptomatic upper GI obstruction (from tumors 
that obstruct at the duodenal C loop or at the lIgament of 
Treltz) in whom nonoperative pallIation is not reliable and gas­
trojejunostomy may be the best method of palliation. In 
patlents who are to be managed nonoperatlvely, a tlssue diag­
nosis can be obtamed VIa biopsy of distant metastases or of local 
tumor. Jaundice is present Jl1 the majority of the patients with 
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pancreatIc adenocarcllloma. If untreated, obstructive Jaundice 
can result in progressive !lver dysfunction, hepatic failure, and 
early death.3 Furthermore, the pruritus associated With obstruc­
tlve JaundIce can be qUite debilitatlllg and rarely responds to 
medICations. Fortunately, bilIary decompressIOn can now be 
achIeved eIther by endoscopic or by percutaneous transhepatic 
techniques in nearly all patients who are not candidates for sur­
gicalllltervention. 

The techmque of endoscopic bIlIary stem insertIOn for palli­
ation of malignant obstructive jaundice is associated with a tech­
nical success rate exceeding 90% in the hands of skilled 
endoscopists performing such endoscopIC stentlng on a regular 
basis. Once biliary cannulatIon has been accomplished, a guide­
Wire IS typICally mampulated above the malIgnant stricture, and 
a No.7 to 10 French plastic endoprosthesis is secured in posi­
tion, bemg pushed over the guideWire. After stent placement, 
serial lIver function tests are obtained to confirm a decline in 
the serum bilirubin Early complications after endoprosthesis 
placement mclude cholangitIs, pancreatitis, bleeding, and bile 
duct or duodenal perforation. Late complIcations mclude stent 
occlusion, cholecystitis, and stent mIgratIOn. Metallic expand­
able endoprostheses have been developed by a number of 
manufacturers and have been modIfied to allow endoscopic 
placement. Once fully deployed, these metallic endoprostheses 
become embedded in the wall of the bile duct and should be 
considered permanent, although they can be removed at sur­
gery. Such metallic endoprostheses greatly reduce the problem 
of stent migration; however, tumor ingrowth remains a prob­
lem, causing late stent occlusion.3 

Percutaneous transhepatic biliary drainage is now used only 
if endoscopic bilIary endoprosthesis placement cannot be per­
formed. For thIS technique, diagnostic cholangiography first 
defines the site of bile duct obstruction and serves as a road 
map for the advancement of a percutaneous transhepatic bili­
ary catheter through the biliary obstruction, with the catheter 
being advanced into the duodenum. In most cases biliary 
drainage with an mternal-external catheter serves as the initIal 
management, with subsequent management mvolving either 
maintenance of such an mternal-external catheter or percuta­
neous placement of a totally indwelling endoprosthesis. Com­
plIcations of percutaneous transhepatIc catheter drainage 
mclude stent occlusion, he mobIlia related to the transhepatIc 
route, bile peritonitis, bile pleural effUSIOn, cholangitis, pan­
creatitiS, and acute cholecystitIs. The available data support the 
use of the endoscopic method as the prImary approach for 
nonoperative palliation of jaundice in patients With locally 
advanced PC.3 

The pain associated With locally advanced PC can be an 
incapaCItating symptom of the dIsease. Unfortunately, for 
many patients, such pain is poorly controlled, and it can 
remam a SIgnificant problem l,lP until their demise.3 In gen­
eral, thIS pain IS not relIeved by endoscopic or percutaneous 
biliary decompression Analgesic therapy IS guided by the 
Three-Step Analgesic Ladder of the World Health Organiza­
tion. IOS Tumor-associated pam is best treated with long-acting 
oral analgesics in appropriate doses, with dose escalations as 
appropriate. In patients who cannot take oral medIcations, top­
ical analgesics worn as continuous-release patches can be 
highly effectIve. Poorly controlled pam IS often the result of 
inadequate analgesic dosmg and may require the expertise of 
pam management speCIalIsts. Several nonoperative treatment 

modalities, such as percutaneous or endoscopic celiac 
block or external-beam radiation therapy (EBRT) dlrec~el\'e 
the primary tumor and celIac plexus, can be conSIdered d at 
management of pam mtractable to appropnate oral or to .for 
pain medlcati(;ms. In the authors' experience most patJen PICal 
be well managed without resorting to such mvasive thera ts can 

pIes. 

OPERATNE PALLIATION 

At times, patIents undergo exploratIOn for a presumed r 
" esec· 

table pancreatic adenocarcll1oma, only to find that the) are 
fact unresectable due to unanticipated locally advanced d;~ 
ease. At the time of laparotomy, these patients are canciIdat 
to undergo pallIatIVe procedures such as bJliary-entenc b\.pa~\ 

} SS, 
gastrojejunostomy, and chemical (alcohol) nerve block, as dIS-
cussed previously 111 Treatment of Potentially Resectable DIsease' 
Palliative Surgery. 

CHEMORADIA nON APPROACHES 

Although EBRT alone can improve symptoms asSOCIated \vlth 
locally advanced disease, the high local failure rate and synergy 
observed when EBRT is combined with chemotherapy have led 
to trials using both modalIties. Chemoradlation approaches haw 
shown improved survival compared to either modalIty alone, hut 
the improvements are modest and local control remains a slgnif. 
icant challenge. No randomIzed comparisons have been made 
of radiation or chemotherapy, or both, versus Supportive care 
(aSIde from subset analyses in trials for metastatic disease) 

Several prospective randomized mals have shown a benefit 
with chemoradiation compared to either radiation or chemo. 
therapy alone in the management of locally advanced dl;,ease 
(Table 29.3-13). The first trial was published 111 1969 and 
included patients with different types of Gl cancers, 64 of 
whom had locally unresectable PC randomIzed to either 5·FU 
or placebo, combined with 35 to 40 Gy radiation. loo Median 
survival in the combined modality arm was significantly higher 
than in the radiation therapy-only ann (10.4 vs. 6.3 months), 
The GlTSG randomized 194 locally advanced PC patient, to 

receive split-coun,e EBRT, either alone (60 Gy) or combmed 
(either 40 or 60 Gy) With 5-FU, 500 mg/m2 on the fin,t 3 days 
of each 20 Gy radiatIOn. 1lO The EBRT-alone arm was dl)contin' 
ued after an intenm analysis showed improved median time to 
progression and overall survival in the combll1ed modality 
arms. No significant dIfferences were seen between the hIgh, 
and low-dose EBRT in the chemoradiation arms, although 
there were trends favoring the higher-d.ose arm Il1 tllne to pro­
gression and survival. A second GlTSG study compared SMF 
(streptozotocin, mItomycin, and 5-FU) chemother<lpy alone 
versus SMF combined with EBRT (54 Gy) and showed a ligl1lfi· 
cant improvement 111 median survival (9.7 vs. 7.4 month.,) for 
the chemoradiatlon arm.ll1 In contradistll1ctlon to the GITSG 
studies, a randomized ECOG study of91 patient'> com paling 5-
FU, 600 mg/m2 weekly WIth or without EBRT (40 G), whiCh has 
been critIcized as an insufficient dose), did not find a signifi· 
cant benefit to combined modality therapy over chell10therapl 
alone. lll Thus, three randomized studies have demomtrated J 

modest survival benefit for combmed modalit) therap) Ol'e! 

chemotherapy or EBRT alone, and one ECOG stud\ \\lth a pos 
sibly suboptimal dose of EBRT (40 Gy) dId not ~hll\\ a benefi 
over 5-FU alone. 
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Selected Randomized Trials in Locally Advanced Pancreatic Cancer 

Radwtion (Gy) Chemotherapy iVo. of Patzents Medzan Survzval (Mo) l-Y SurvIVal (%) 

VS. RADIATION ALONE 
35-40 5-FU 32 lOA" 25a•b 

35-40 Placebo 32 63 6b 

60 5-FU III 114 44a 

40 5-FU 117 8.1 39a 

60 25 53 14 

VS. CHEMOTHERAPY ALONE 
40 5-FU 47 8.3 28b 

5-FU 44 8.2 3Ib 

54 5-FU andSMF 22 97a 4Ia 

SMF 21 74 19 

WITH DIFFERENT CHEMOTHERAPY REGIMENS 
60 mCCNU and 5-FU 33 88 40b 

60 mCCNU and 5-FU and testo- 29 69 27b 

lactone 
60 5-FU 73 8.5 33b 

40 Doxorubicin 70 7.6 26b 

50-60 5-FU 44 78 34b 

50-60 Hycanthone 43 7.8 26b 

Cooperative Oncology Group, 5-FU, 5-fluorouraCll, GITSG, Gastrointestinal Study Group; Gy, Gray, mCCNU, methyllomustme; 
srn:VlIJLL'LU'Clll, mitomycm, 5-FU; SWOG, Southwest Oncology Group. 

from survival curve 
from Earle CC, Agboola 0, Maroun j, et al The treatment of locally advanced pancreatIc cancer: a practice guidehne. Can] Gastroenterol 

(3)'161 ] 

Several trials have examined the use of different chemother­
agents with radiation therapy m the locally advanced set­
The first was a Southwest Oncology Group study published 

randomizing 69 patients to mCCNU (methyl lomus-
and 5-FU with or without testolactone, combined with 60 

radiation 113 No significant difference was found in overall 
and myelosuppression (87%) and GI toxicity (23%) 

common. A GITSG study randomized 143 patients to 
with either weekly 5-FU or doxorubicin.l14 Median sur­

was similar in both arms (approximately 8 months), but 
doxorubicin arm had more frequent severe toXICity. Finally, 

:an,dOIni2:ed phase II study of 87 patients compared the radia­
sensitizer hycanthone to 5-FU, both gIVen With 60 Gy of 

radiation, and found no difference m survival 115 

three trials failed to demonstrate a survival advantage of 
chemotherapy regimens given with radiation therapy 

to 5-FU, which tended to have less toxicity. 

'~'''',-/'',",l..nr-\cTION USING GEMCITABINE 

interest has been shown in combining EBRT with 
due to its clinical benefit m the metastatic setting 

potent radiosensitizmg properties. Studies combining 
with gemcitabine have proceeded cautiously 

of this synergy. Early trials were designed to determme 
maximal tolerated dose of gemCItabine when delivered 

and mtegrated with radiation therapy consisting of 50.4 
standard 1.8-Gy fractions. I 16 A margm of 3 em around the 
target volume was required for the inItial field of 39.6 Gy. 

margin was subsequently reduced to 2 em for the final 

10.8-Gy boost. The starting dose of gemcitabine was 300 mg/ 
m2. Hematologic and GI toxicities were identified as dose limit­
ing at 700 mg/m2. Blackstock et aI., 117 in a phase I study, exam­
med gemcitabine (starting at 20 mg/m2) twice weekly in 
combination with radiation therapy (total dose 50.4 Gy in 1.8-
Gy fractIOns) in 19 patients with locally advanced pancreatic 
adenocarcmoma. Thrombocytopenia, neutropenia, and nau­
sea/vomiting were dose-limiting toxicities. Of the 15 patients 
assessable for response, three partial responses were identified. 
A dosage of 40 mg/m2 twice weekly in combination with radio­
therapy to a total dose of 50.4 Gy was subsequently examined 
by the Cancer and Leukemia Group B (CALGB) in a phase II 
study of 38 patients with locally advanced PC. liB After chemora­
diotherapy, patients without disease progression received gem­
citabine alone, 1000 mg/m2 weekly x 3 every 4 weeks for five 
addItIOnal cycles. Grade III/IV hematologic toxicity was Signifi­
cant and identified in 60% of patients. In addition, grade III/ 
IV GI tOXicity was identified in 42% of patients. With a median 
follow-up of 10 months, median survival was 7.9 months. 

The MDACC has since publIshed a corollary phase I study 
of 18 patients With locally advanced disease using rapid frac­
tionation external-beam radiation,u9 Patients received dose­
escalation gemcitabine from 350 mg/m2 to 500 mg/m2 weekly 
x 7 with concurrent rapid fractionation 3000-cGy EBRT during 
the first 2 weeks of therapy. Hematologic and nonhematologic 
toxicities were significant in all three patient cohorts; there 
were eight responses (four minor and four partial). One of two 
patients who were subsequently explored had a resection. The 
recommended phase II testing dose of gemcitabine was 350 
mg/m2. 
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These dose-finding studies suggest that the maximal toler­
ated dose of gemcitabine when combined with radiation ther­
apy is dependent on the radiation therapy field size. Planned 
confirmatory studies will follow up on these observations. 

The University of MlChigan has described an alternative 
approach using standard doses of gemcitabine at 1000 mg/m2 
weekly x 3 every 4 weeks and admimstering radiation therapy as 
dose escalanon, beginning at 24 Gy (l.6-Gy fractions in 15 frac­
nons) in 34 patients with locally advanced disease.I2o The 
majority of patients received chemotherapy after combined 
modality treatment, at the discretion of the treating physician. 
Three-fourths of the patients received at least 85% of the 
planned gemcitabine. Two of six assessable patients experi­
enced dose-limiting toxicity at the final planned radiation dose 
of 42 Gy in 2.8-Gy fractions. Late GI toxicities developed in an 
additional two patients at this dose level. Six patients were doc­
umented to have a partial response, with a complete radio­
graphic response in two patients. In addinon, four patients with 
documented stable disease at time of study entry experienced 
objective responses (2 partial and 2 complete responses). 
Resection was performed in one of three surgically explored 
patients. With median follow-up of 22 months, median survival 
for the entire group was 11.6 months. The recommended 
phase II radiation dose was 36 Gy in 2.4-Gy fractions. 

Other chemotherapy agents have been added to gemcita­
bine combined with radiation therapy. ECOG published a 
phase I study of seven patients with locally advanced disease 
using 5-FU / gemcitabine combined with radiation therapy to a 
maximum dose of 59.4 Gy in 1.8-Gy fractions.l2l 5-FU (200 mg/ 
m2/d as continuous infusion throughout radiation therapy) 
was administered with weekly gemcitabine dose escalation 
beginning at 100 mg/m2. Because of dose-limiting toxicities 
seen in two of the first three patients, the study was amended to 
lower the initial dose of gemcitabine to 50 mg/m2, However, 
dose-lImiting toxicities were subsequently seen in three of four 
patients at the 50-mg/m2 dose. Three of the five dose-limiting 
toxicities occurred at radiation doses less than 36 Gy. The study 
was subsequently closed. 

Gemcitabine has also been combined with cisplatin and 
radiation in published phase 1 trials, following up on promis­
ing preclinical synergistic data. A study based at the Mayo 
Clinic gave twice-weekly gemcitabine and cisplatin for 3 weeks 
during radiation (50.4 Gy in 28 fractions) .122 Dose-limiting tox­
icities consisted of grade 4 nausea and vomiting,-and the rec­
ommended phase II dose was gemcitabine, 300 mg/m2, and 
cisplatin, 10 mg/m2. Another trial used strictly time-scheduled 
gemcitabine (days 2, 5, 26, and 33 because a weekly regimen 
was too toxic) and cisplatin (days 1 to 5 and 29 to 33) com­
bined with radiation, with a recommended phase II dose of 
20 mg/m2 for cisplatin and 300 mg/m2 for gemcitabine.123 The 
response to chemoradiation allowed 10 of 30 initially unresec­
table patients to undergo surgery, with an RO resection in nine 
cases and a complete response in two cases. 

Given the current published data, would 5-FU or gemcita­
bine be better suited to be used concurrently with radiation 
therapy for either resected or locally advanced disease? The 
MDACC retrospectively examined their database of 114 
patients with locally advanced disease treated with combination 
radiation therapy (rapid fractionation 30 Gy in 10 fractions) 
with either 5-FU continuous infusion, 200 to 300 mg/m2 (61 
patients), or gemcitabine, 250 to 500 mg/m2 weekly x 7 (53 

,I f If 

patients).124 A significantly higher incidence of severe 
toxiCity (defined as toxicity requiring a hospital stay of aCUte 
than 5 days, mucosal ulceration with bleeding, more thll10re 

dose deletions of gemCitabine, or discontinuation of 5-F: 3 
toxiCity resulting in surgical intervention or death) devel ' Or 
in panents receiving gemCitabine compared with those r:P~d 
ing 5-FU (23% vs. 2%, P <.0001). Five of 53 patients trecei\, 
with gemcitabine/radiation therapy subsequently unde~ted 
surgical resection compared to 1 of 61 patients treated \\1t~~t 
FU/radiation therapy. However, With short median follow_ 0-

median survival was similar (11 months vs. 9 months, p", .l9~:' 

CHEMOTHERAPEUTIC APPROACHES ALONE, 
WITHOUT RADIATION 

Because the benefit of chemoradiation is relatively modest, and 
the aforementioned randomized ECOG study showed no benefit 
to radiation added to 5-FU alone, 112 some oncolOgists reCOll1_ 
mend chemotherapy alone for locally advanced disease. Gell1cit­
abine is the most commonly used agent, extrapolating from the 
metastatic disease setting. This is based on the randomized trial by 
Burris et al.,125 in which 26% of the study subjects had locally 
advanced disease. Gemcitabine ameliorated symptoms and mod­
estly improved survival compared to 5-FU, but the results for 
patients with locally advanced disease were not reported sepa­
rately. An ECOG phase III trial (E4201) comparing gemCitabine 
(600 mg/m2 weekly)/radiation (50.4 Gy in 28 fractions) followed 
by weekly gemcitabine (1000 mg/m2 weekly, 3 of 4 weeks) versus 
gemCitabine opened in April 2003 and is examining this issue. 

LOCALLY DIRECTED THERAPY 

Brachytherapy and intraoperative radiotherapy (IORT) have 
been used in the setting of locally advanced disease. Both 
modalities are aimed at improving local-regional tumor con­
trol. Given the propensity of this disease to disseminate mto 
the liver, adjacent peritoneum, and systemically, what can be 
achieved overall for patients by the addition of either of these 
modalities to external-beam irradianon and chemotherapy IS 

not completely clear . 
Mohiuddin et al.l26 reported on 81 patients with localized 

unresectable carcinoma of the pancreas managed using intraop­
erative iodine 125 (1251) implants, external-beam irradiation, 
and perioperative systemic chemotherapy. The radiOactlve 
iodine implant was designed to deliver a minimum penpheral 
dose up to 1200 cGyover 1 year. Patients were also treated with 
50 to 55 Gy external-beam irradiation and systemic chemother­
apy consisting of 5-FU, mitomycin, and occasIOnally CCNU, 
Implants were performed at laparotomy. The mortality was 5%, 
and a 34% acute morbidity rate occurred, with cholangitiS, 
upper GI bleeding, and gastric outlet obstruction being the most 
common. In addition, there was a 32% late morbidity rate, With 
GI bleeding, cholangins, and radiation enteritis being the most 
common late developments. Local control was obtained m 39 of 
53 (74%) evaluable patients. Of 14 patients undergoing feeX-
pi oration more than 6 months after implantation, 86% showed 
extensive fibrosis and had negative biopsies from the regiOn of 
the tumor. In eight patients undergoing autopsy, five (63%) 
were without evidence of local or regional tumor. Nevertheless, 
52 of these 81 patients (64%) failed, with intraabdomma1 diS­
ease, primarily hepatic and peritoneal. With a mmimum follol
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f 2 years at the time of publIcation, the median survIVal for 
~otal group was 12 months, the 2-year survival was 21 %, and 
5-)ear survival was 7%. DespIte satisfactory local control i~ 

patients, many centers would not be wlllmg to accept thIS 
of therapeutlC mtensity in a group of patients for whom the 

,na!!t:lJ"~'" paradigm is not curauve 
Nori et al.127 have reported on a series of 15 patients under­

simIlar management but using palladium 103 mstead of 
The implant was designed to proVlde a matched peripheral 
of 1l 00 cGy. Patients also received external-beam irradia­
of 4500 cGy over 4.5 weeks and chemotherapy with 5-FU 
MMC. Meruan survival was 10 months. The authors con­

that palladium 103 is an alternative to 1251 for mterstitial 
for unresectable patients and that symptom relief 

to occur somewhat faster. The study did not show any 
tnnwemt:UL in the medIan survival as compared to 1251. Finally, 

of cauuon was raised by Raben et al.128 on the use of palla­
brachytherapy for locally unresectable carcinoma of the 

In their series of 11 patients, they found an unaccept­
hIgh complication rate, including gastric outlet obstrucuon, 

perforauon, and sepsis. They did not find an improve­
in median survival over other modalities and did not rec­

this approach for further study. 
The use of IORT usmg single-fraction electron-beam treat­

has also been extenSively studIed. In experienced hands, 
can be given with acceptable morbidity. However, there 

occaslOnal reports of unacceptably high complicauon rates. 
lJClll<:;14UY, intraoperative radiation therapy has been given in 
,~U1.IIUIJ,l"U'Vll with EBRT m the range of 45.0 to 50.4 Gy with 5-

alone or 5-FU-based combination chemotherapy. The Radia­
Therapy Oncology Group reported on 51 patients with 

jlnJresE:cte,d nonmetastatic PC treated with IORT and EBRT/5-
and found a major postoperative complication rate of 

.129 Two patients had major morbidity leading to death. 
et al.130 have suggested that the use of intraoperative radia­

therapy as an adjuvant to resection decreases the risk of 
recurrence. As reviewed by Willett and Warshaw, 131 the 

of mtraoperative radiation therapy is generally in the range 
10 to 20 Gy, with some investigators prescribing to the 90% 

and others prescnbing to the 100% line. 
In additlOn to local radiation delivery, a variety of other tech­

and agents are under development for the treatment of 
advanced PC. One example is intratumoral injecuon via 

"'''JO\'''U~LL ultrasound of ONYX-015, an engineered adenovirus 
selectively rephcates m tumor cells. A phase I/ll trial of this 

combined with gemcitabine m 21 patients showed that the 
was feasible, and two partial responses were seen.132 

novel biologic agent in development is TNFerade, a 
adenovector carrying a transgene encodmg 

human tumor necrosis factor-a regulated by a radiation­
'ble promoter. m Weekly intrarumoral injections have been 
in combination with chemoradIauon (50.4 Gy along with 

~-"~W"VL"-1ILllULMlJ'1l5-FU, 200 mg/m2 daily). In a phase I trial, 2 
17 paUents converted from unresectable to resectable, and 1 
these had a patholOgiC complete response. 

TMENT RECOMMENDATIONS FOR 
,'-~'-nLI Y ADVANCED DISEASE 

J'he opumal treatlnent for locally advanced PC remains contro­
No randomized trials have compared either chemoradi-
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auon strategies versus best supportive care or chemotherapy 
alone (aside from the GITSG trial m which 5-FU and radiation 
were added to SMF chemotherapy), and the survival benefit 
from combined modality therapy for locally advanced disease 
has been modest in various trials. Nonetheless, most practition­
ers in the United States use radiation therapy (typically, 54 Gy 
in 1.8-Gy fractions) With simultaneous chemotherapy, the stan­
dard being 5-FU. Although several chemotherapy regimens 
have been compared to 5-FU in randomized trials, none have 
proven more efficaclOus, and they are typically more toxic. Var­
ious ways of giving 5-FU have been used in these trials, but 
most practitioners choose either continuous-infusion 200 mg/ 
m2/d during radiation therapy or a 500-mg/m2 bolus given on 
the first 3 days and last 3 days of radiation. Studies are under 
way that will examine the role of gemcitabine (alone and com­
bined with radiation) for locally advanced disease. In addiuon, 
given the limited success of current treatments, several novel 
approaches are bemg actively explored, with the aim of allow­
ing patients who present with unresectable disease to undergo 
curative surgery. 

lREATMENT OF METASTATIC 
AND RECURRENT DISEASE 

The standard treatment of patients with advanced metastatic or 
recurrent pancreatic adenocarcinoma and adequate perfor­
mance status, or both, is systemic chemotherapy. The natural 
history of PC with a high intrinsic tendency to early spread to 
lymph nodes and other organs, as well as the relative inefficacy 
of existing treatlnents for localized or locally advanced disease, 
implies that the vast majority of patients will eventually be con­
SIdered candidates for systemic treatments. 

Several general considerations can be made regarding the 
role of chemotherapy in patients with PC. First, PC is intrinsi­
cally highly resistant to tlle majority of existing anticancer 
agents. The outcome of patients treated with currently available 
drugs is poor, and treatlnent should be considered palliative. 
Second, pauents With advanced PC are frequently symptomatic 
and debilitated, with a poor perfonnance status and symptoms 
such as pain, nausea and vomiting, fatigue, anorexia, weakness, 
and weight loss that compromise the ability to administer full 
and rigorous chemotherapy treatments. Third, patients with PC 
often have elevated bilirubin and alkaline phosphatase as well as 
alterations in other liver function parameters, which further 
limit the administration of drugs that are cleared by the liver. 
Finally, the assessment of objective response to chemotherapy is 
difficult, because PC pauents frequently lack bidimensional 
measurable disease. This last factor has resulted m a large vana­
tion in response rate in phase II studIes published in the litera­
ture and complicates the evaluation of new drugs in this disease 
More recently, the less biased parameters of time to tumor pro­
gression, progression-free survival or overall s~rvival, and quality­
of-life end points are frequently used for this purpose. 

mSTORICAL PERSPECTIVE 

The role of chemotherapy in PC has been evaluated in climcal 
studies that compare the quality of life and survival of patients 
with PC who received chemotherapy against patients who were 
treated Vvith supportive care alone. Glimelius et al. i34 random-
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Ized 90 patients WIth advanced pancreatic or biliary tract can­
cer to chemotherapy wIth eIther 5-FU /leucovorin and 
etoposide or 5-FU /leucovorin alone versus best supportive 
care. Patlents treated with chemotherapy had better improve­
ment m qUalIty of hfe as determmed by the EORTC Quality of 
Life Questionare-C30 scale (36% improvement in the chemo­
therapy group vs. 10% in the best supportive group, P = .01) 
and surVIval (median survival, 6.0 vs. 2.5 months; P<.OI). A sec­
ond small randomized trial that compared treatment with 5-
FU/adriamycin and MMC with supportive care reported a 
median survival of 8.5 months in patients treated with chemo­
therapy and 3.75 months in patients who received best support­
ive care alone (P = .002) .135 Furthermore, in a Japanese study 
patients with advanced pancreatic and biliary tract cancer were 
randomized to either treatment WIth FAM (5-FU, adriamycin, 
and MMC) or supportive care. Pahents treated with FAM had 
longer tlme to tumor progression but not overall sUfVIvaJ.l36 
Altogether these studies indicate that systemic chemotherapy 
has a palliative role in patients with advanced Pc. 

5-FU had been considered the most active chemotherapeu­
hC agent in the treatment of patients with advanced PC for 
many years. Response rates ranged from 0 to 20% in phase II 
studies in which responses were assessed using modern CT, 
whereas responses were as high as 28% in studies In which rig­
orous assessment of tumor response was not apphed. Median 
survival of patients treated with 5-FU ranged from 4 to 5 
months in most of these studies. No clear evidence has been 
shown that the varied administration schedules (bolus vs. 
infusion regImens) and dose-regimens of 5-FU result in a bet­
ter outcome. In addItion, modulation of 5-FU with other 
agents, such as leucovorin, methotrexate, interferon-a, or N­
(phosphonacetyl)-L-aspartate (PALA) did not result in 
increased response rate in phase II studies. Because ofits sin­
gle-agent activity, 5-FU was also an important component of 
multlchemotherapy regimens. A number of combination che­
motherapy regimens were developed and tested from the 
1970s to 1990s, such as combinations of 5-FU with adriamycin 
and MMC (FAM); cyclophosphamide, methotrexate, vincris­
tine, and MMC (Mallison regimen); epirubicin, cisplatin, car­
boplatin, caffeine, and high-dose cytarabme (CAG); and 
streptozotocin. The detailed summary of these studies, which 
have historic interest, is beyond the scope of this chapter and 
can be found in previous editions of thIS textbook. I37 In gen­
eral, these combination phase II studies showed higher response 
rates than 5-FU single-agent regimens, with responses as high as 
37% to 43% observed in phase II studies with the FAM and 
SMF regimens. These promising results, however, were not 
confirmed in randomized phase III studIes, in which the sur­
vival of patients treated with 5-FU alone was not statistically 
different from that of patients treated with more aggressive 
and toxic chemotherapy regimens. In summary, past studies 
indicated that single-agent 5-FU was the most achve agent in 
PC and that alternate schedules and doses, modulation strate­
gies, and multichemotherapy treatments were not superior to 
5-FU alone. 

SINGLE-AGENT CHEMOTHERAPY 

During the last decade, a large number of chemotherapeutic 
agents have been tested m phase II and phase III studies in 
patients with advanced PC. Table 29.3-14 summanzes the most 

salIent features of selected phase II studies "'-ith thes d 
. e ru . 

and a dIscussIOn of the most relevant agents IS prOVIded ~. 
following paragraphs. In the' 

GEMCITABlNE 

Gemcitabine (2',2'-difluorodeoxycytidine, dFdC, Gemzar' . 
Lilly, Indianapolis, IN) is a nucleoside analog that showed' ~I 

.... l' . 1 d 1 f anti_ tumor aChVIty m vanous prec mICa mo e s 0 cancer, ll1c\ud' 
PC.138,139 On the basis of Its favorable toxicity profile In Pha,lug 

d· . b' 1 d' h se I stu Ies, gemcita me was eva uate m p ase II studIes . 
patients with PC. Table 29.3-15 summarizes smgle-agent ge I~ 
tabine phase II and III stu~ies, comp~ring gemcitabine :~~ 
other chemotherapy agents m PC. StudIes companng gemcita_ 
bine with novel drugs are discussed m Combination Chem 
therapy RegImen, later in this chapter. In a mulucenter Pha: 
II study in which gemcitabine was given at a dose of 800 mg/m2 

as a 3D-minute intravenous injection weekly for 3 conseculJve 
weeks followed by 1 week of rest, 5 of 44 patients (11 %) had an 
objective response. I61 In a SImilar study that enrolled 34 
patients,2 (6.3%) had an objective response, and the median 
survival was 6.3 months. 1b2 An important observation in these 
initial studies was that despite a very modest objechve response 
rate, patients improved in other clmically relevant parameters 
such as weight loss, pain, requirements of analgesia, and pe:­
formance status. This finding prompted the evaluauon of the 
drug in two subsequent studIes incorporating a new clinical 
end point called climcal benefit response (CBR). CBR was defined 
as a composite measurement m two primary parameters, Kar­
nofsky performance status and pain, and a secondary parame" 
ter, weight gain. Patients needed to be stable m pain and 
analgesic consumptIOn before study entry. They were claSSIfied 
as having a positive response if they had an improvement that 
lasted more than 4 weeks m any of the parameters, Without 
simultaneous deterioration in any other parameter. The first 
study evaluated the activity of gemcitabme in 74 patients with 5-
FU-refractory PC.163 Sixty-three patIents completed a prestudy 
pain stabIlIzation phase and were treated with 1000 mg/m2 

gemcitabine administered weekly for 7 consecutive weeks fol­
lowed by I-week rest and then weekly for 3 consecutive weeks 
every 4 weeks. Seventeen of 63 patients (27%) attamed a CBR. 
The median duration of CBR was 14 weeks, and the median 
survival for patients treated with gemCltabine was 3.85 months. 

A second randomized phase III climcal trial compared the 
CBR, time to progression, and survival of patients With advanced 
metastatic adenocarcinoma of the pancreas who had not 
receIved prior systemic therapy.164 One hundred twenty-siX 
patients with advanced symptomatic PC completed a lead-in 
penod to characterize and stabilIze pam and then were random" 
Ized to receive either gemcitabine at the same dose and schedule 
described above (63 patients) or to 5-FU, 600 mg/m~ once a 
week (63 patients). More than 70% of the patients had stage IV 
dIsease and a Karnofsky performance status of 50% to 70%. A 
positive CBR was experienced by 23.8% of gemcitabme-u"eated 
patients compared with 4.8% of 5-FU-treated patIents (P ~ 
.0022). The median survival durations were 5 65 and 441 
months for gemcitabine-treated and 5-FU-treated pauents, 
respectively (p= .0025). The survival rate at 12 mOl1lh~ was 18% 
for gemcitabine patients and 2% for 5-FU patients The response 
rate was 5.4% for gemcitabine and 0% for 5-FU, supportl11g the 
notion that the response rate is a poor marker of c1mkal benefit 
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Selected Single-Agent Chemotherapy Studies in Patients vmh Advanced Pancreatic Cancer 

No. of Patient 
Agent Patzents Characterzstlcs 

Docetaxel 43 Flrstlme 

Docetaxel 33 FlfSt Ime 

Docetaxel 21 First hne 

Docetaxel 21 Fmt Ime 

Pachtaxel 18 Secondlme 

DHA-pacli- 42 FIrst line 
taxel 

Oxahplatm 18 NR 

Irinotecan 34 FIrSt line 

Rubltecan 19 First and second 
line 

Exatecan 39 FIrst and second 
line 

Capecitabme 42 Firstlme 

UFT 14 NR 

S-l 31 First line 

Medzan 
RR Survzval (Mo) 

15 7 

6 9 

47 59 

0 39 

5.5 NR 

3.3 76 

0 2.6 

9 52 

286 525 

5 55 

73 6 

0 3.75 

226 153 

J-Y 
Survzval 

NR 

364 

NR 

NR 

NR 

NR 

NR 

NR 

167 

27 

NR 

NR 

NR 

Reference 

RougIer et al , 
2000140 

Androulakls et aI., 
1999141 

Lenzi et aI., 
2002142 

Okeda etal, 
1999143 

Oettle et aI., 
2000144 

Jacobs et aI., 
2003145 

Rougier et al , 
2000146 

Wagener et aI., 
1995147 

KonstadoulakIs et 
al,2001 148 

D'Adamo et ai, 
2001 149 

Cartwright et aI., 
2002150 

5-FU-enilu- 116 FIrst and second 8 (first Ime), 3.6 (first Ime), 16 (first hne), 
10 (second 
line) 

Mani et aI., 
1998151 

Hayashi et aI., 
2003152 

RotlJenberg et aI., 
2002153 racil line 

Pemetrexed 42 Flrstlme 

RalUtrexed 42 NR 

Raltitrexeda 19 Secondlme 

ZD9331 b 30 First line 

Troxacitabine 55 First line 

Flutamlde 14 Secondlme 

Flutamide' 24 First hne 

2 (second 3 4 (second Ime) 
Ime) 

5,7 65 

5 NR 

0 43 

3 5 

0 NR 

0 47 

NR 8 

28 

NR 

NR 

NR 

NR 

MIller et ai, 
2000154 

Pazdur et aI., 
1996155 

UlrIch-Pur et aI., 
2003156 

Smith and Gal­
lagher, 2003157 

Lapomte et al , 
2002158 

Shanna et al , 
1997159 

Greenway, 1998160 

de(:os:ahl;xanoK acid; NR, not reported; RR, response rates; UFT, uraCll/ftorafur 
tldombted versus raltitrexed + mnotecan 
,uu.umoeu comparison to gemcitabine. 

comparison to placebo. Statisucally sigmficant better SUrvIval for flutamlde group versus placebo group (4 months, P = .01) 

with Pc. Because of the CBR advantage observed in 
studies, gemcitabine was made available through an inves­

new drug program before regulatory approval. This 
enrolled 3023 patients, 80% of whom had stage IV dis­

A retrospective analysis of these patients indicated that 
had improvement in symptoms. The response rate in 982 

patients was 12%, and medIan progression-free sur­
and overall survival were 2.7 and 4.8 months in 2012 and 
evaluable patients, respectively.165,166 Based on these stud­

gemcitabine was approved for the treatment of patients ",ith 
PC in the United States and many other countrles and 

considered the standard agent for the treatment of 
disease, as well as the accepted control with which to com­
new drugs and interventions. 

Other studies have explored alternative schedules for 
administering gemcitabine. Based on the mechanism of action 
of the drug, it was postulated that a prolonged administration 
schedule would result m a more sustamed mtracellular accu­
mulation of the active metabolIte dFdCTP.167 Phase I studies of 
gemcitabine usmg a fixed-dose-rate admil1lstration in patIent!> 
with solid tumors showed that the maximum tolerated dose was 
1500 mg/m2 admmistered as 10 mg/m2/min.168 ThiS promis­
ing approach was subsequently tested in a randomized phase II 
study m patients with chemotherapy-naive PC.169 Nmety 
patients were randomized to receive gemcitabme at a dose of 
2200 mg/m2 as a 30-mmute infusion or 1500 mg/m2 at a fixed 
dose rate of 10 mg/m2/min. The drug was given weekly for 3 
consecutIve weeks every 4 weeks in both arms of the study 
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TABLE 29.3-15. Studies of Smgle-Agent Gemcitabme in Pancreatic Cancer 

Median 

----------No of Patient RR Survival 
Authors Phase Dose/Schedule Patzents Charactenstzcs (%) CBR(%) (Mo) 1-Y Survival I 0/. 

Ca;per et al , II GemCltabll1e, 800 mg/m2 44 First 11l1e 11 NR 56 
-------.:' } 

23 -
1994161 days 1, 8, 15 q4wk 

Carmichael II Gemcitabll1e, 800 mg/m2 34 FIrSt 11l1e, 58% 6 NR 33 l\R 
et ai, days 1, 8, 15 q4wk stage IV 
1996102 

Rothenberg II GemCltabme, 1000 mg/m2 63 5-FU refractory 10.5 27 3.8 4 
et ai, weekly x 7, 1 wk rest; 
1996163 days 1,8, 15 q4wk 

Burris et al , III GemCltabme, 1000 mg/m2 63 FIrSt line, >70% 54 238 (p= 56 (P= IR 
1997164 weekly x 7; 1 wk rest, stage IV 0022) .0025) 

days 1, 8, 15 q4wk 
5-FU, 600 mg/m2 weekly 63 0 48 44 

Stormolo et TIND Gemcltabme, 1000 mg/m2 3023 FIrst and second 12.1 17.2 57 I" 
aI., 1999165 weekly x 7; 1 wk rest, Ime 

days I, 8, 15 q4wk 

CBR, chmcal benefit response; 5-FU, 5-fluorouracil, NR, not reported, RR, response rate, TIND, treatment mvestIgatlOnal new drug -
----------------------------------------------------------------------------
Patients treated with the fixed-dose-rate regimen experienced 
more toxicities, With 49% and 37% occurrence of neutropenia 
and thrombocytopenia versus 28% and 10%, respectively, in 
patients treated in the conventional schedule. Patients on the 
fixed-dose-rate had a higher response rate (11.6% vS. 4.1 %), 
median survIval (8 vS. 5 months), and I-year survival (23.8% vS. 
7.3%) than patients treated on the conventional schedule. 
Consistent with prior observations, the fixed-dose-rate infusion 
resulted in higher intracellular levels of dFdCTP in peripheral 
blood mononuclear cells. ThIS strategy is now bemg tested in 
randomized phase III studies. 

COMBINATION CHEMOTHERAPY REGIMENS 

The superiority of single-agent gemcitabine versus 5-FU in 
patients with advanced PC led to the acceptance of this drug 
as the standard of care for these patients and introduced an 
agent with which to combine other existing and new drugs. 
Smce the approval of gemcitabine, a large number of phase 
1/11 and, more recently, phase III clinical trials have tested 
the safety and tolerabihty of gemcitabme m combination with 
other drugs and compared the efficacy of the combination 
regimens with single-agent gemcitabine. In general, the ratIO­
nale to develop these regimens has been based on clinical 
and pharmacologic criteria, with the goal to combine drugs 
with demonstrated smgle-agent activity, not overlapping tox­
icity, and different mechanisms of action. Most of the studies 
have used the conventlOnal 30-mmute infusion regimen of 
gemcitabine, whereas more recent studies have also incorpo­
rated the fixed-dose-rate infusion regimens. The next section 
describes the main features of some of these regImens. 

Gemcitabine-Fluoropyrimidine Combinations 

The combination of gemcitabine and 5-FU has been exten­
sively studied in multiple clmical trials, the most relevant of 
which are summarized in Table 29.3-16. The fluoropyrimi­
dine studied has varied substantially and has included single­
agent 5-FU (given as bolus, 24- and 48-hour infusion, and 

protracted contmuous infusion), modulated 5-FU, and Olal 
fluoropynmidines such as capecitabme and uracil/ftorafur 
The combination of gemcitabine and 5-fluoropyrimldll1es has 
been, in general, very well tolerated and has permitted the 
administration of both agents at full dose m most c1imcal tn­
also In noncomparative studies, the combmation regimens 
have been associated with a modest increase in response rate, 
median survival, and I-year survival, although a substantIal 
variabilIty is seen among trials. Of interest, the m~ority of 
studres that assessed CBR have reported a high rate of symp­
tom improvements in these trials, with responses m the 40% 
to 50% range. 

Three studies have compared the toxicity and efficacy of 
gemcitabine combmed ",ith fluoropyrimidines versus gemCI­
tabine alone. Di Constanzo et al. 181 compared a combmatlon 
of gemcitabme plus continuous-infusion 5-FU wIth gemcita­
bine alone in 92 patients With advanced PC in a randOlmzed 
phase II design. Patients treated with the combmed treat­
ment arm experienced more frequent thrombocytopellld 
and mucositis. No dIfferences in outcome were obsened in 
this trial, which reported 8% and 11 % response rates in the 
single and combined arm, respectively, and an identIcal ()­
month median survival A similar randomized phase II ,tudy 
compared the combination of gemcltabine plus the oral fluo­
ropynmidine capeCItabine with gemcitabme alone,IRK with 
no dIfferences in any outcome parameter being observed 
Berlin et al.182 reported a randomized phase III study (on­
ducted by the ECOG, in which patients with locally ad\anced 
or advanced PC were treated with either gemcitabme alone 
or the combination of gemCItabme plus weekly bolus S-FI' 
Patlents treated with the combination arm had a siglllficanci) 
longer progression-free surviYal (3.4 months) than patlent~ 
treated wIth single-agent gemcltabine (2.2 months). No dIf 
ferences were observed With regard to response rate ane 
overall survival. In summary, although the combmatlOl1 0' 

gemcitabine wIth a fluoropyrimidine is well tolerated, thert 

is no evidence of meaningful improvement many re!e\,UI 
parameter of outcome, and therefore the combmatlon can 
not be recommended for routine use. 

--
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GemCltabine-Fluoropynmidme Combinations in Advanced Pancreauc Cancer 

Medzan l-Y 
Fluomp)'rzmldzne No. of Response CBR Survival Survival 

Gemcztabme Dose/Schedule Dose/Schedule Phase Patients Rate (%) (%) (Mo) (%) 

I 
1000 mg/m2 d I, 8, 15 5-FU, 600 mg/m2 bolus d I, n 54 37 51 7 22 

q4wk 8,15 q4wk 
900 mg/m2 d I, 8, IS q4wk 5-FU, 200 mg/m2/d contmu- I/II 26 19 45 10.3 39.5 

ous mfusion 
1000 mg/m2 d 1,8,15 5-FU, 600 mg/m2 bolus d I, n 36 14 NR 44 8.6 

q4wk 8,15 q4wk ~ 1500 mg/ m2at 10 mg/m2/ 5-FU, 600 mg/m2 bolus d I, 8 II 34 17 17 5.7 Ii! 
mm d I, 8 q3wk q3wk ~ 1000 mg/m2 d I, 8, 15 Leucovonn, 200 mg/m2 2-h II 38 5 NR 9.3 32 
q4wk mfusion, and 5-FU, 750 t mg/m2 24-h infusIOn d I, 

8,15 q5wk 

I 1000 mg/m2 d 1, 8, 15 5-FU, 500 mg/m2 contmuous II II 9 64 NR NR 
q4wk mfusion d 1-5 

1000 mg/m2 d 1,8, 15 6S-stereoisomer of leuco- II 42 16 47 7 21 
q4wk vonn (6SLV), 250 mg/m2 I 2-h mfusIOn on d 1; oral 

6SLV, 7.5 mg/12 h on d ! 
2-14, and oral UIT, 390 ~ 
mg/m2/d (m 2 doses) on I d 1-14 

1000 mg/m2 d 1, 8, 15 5-FU, 200 mg/m2/d contmu- II 29 10 39 4 NR I q4wk ous infUSIOn d 1,8,15 
q4wk 

1000 mg/m2 d 1, 8, 15 5-FU, 200 mg/m2/d connnu- II 25 20 65 7 NR 

I 
q4wk ous infusion 

1000-1500 mg/m2 on d 3 Leucovonn, 400 mg/m2 over 2 II 62 26 49 9 32 
q2wk h, followed by 5-FU, 400 

mg/m2 bolus and 2-3 g/m2 
mfused over 46 h q2wk 

1000 mg/m2 d 1, 8, 15 Leucovorin, 20 mg/ m 2; 5-FU, II 29 21 NR 8.4 36 i 
q4wk 600 mg/m2 bolus d 1, 8, ~ 

i 15 q4wk i Arm A: 1000 mg/ m 2 weekly Arm A- None II 48 8 NR 6 NR 

I x 7; 1 wk rest; d 1,8, 15 
q4wk 

I Arm B 1000 mg/m2 weekly Arm B. 5-FU, 200 mg/m2/d 44 II NR 6 NR 
x 7; 1 wkrest, d 1, 8, 15 connnuous infUSIOn 6 wk 
q4wk on 2 wkoff 

Arm A. 1000 mg/m2 d 1, 8, ArmA- None III 163 56 NR 54 NR 

I 15 q4wk 
Arm B. 1000 mg/m2 d 1, 8, Arm B' 5-FU, 600 mg/m2 164 69 6.7 

15 q4wk bolus d 1, 8, 15 q4wk (p= .9) 
1200 mg/m2 at 10 mg/m2/ Oral UIT, 400 mg/m2/d (m II 43 33 64 11 32 

~ mm d 1, 8,15 q4wk 2-3 doses/d) for 3 consec-
utive wk q4wk 

1000-1200 mg/m2 d 1, 8, 5-FU, 2000-2250 mg/m2 24-h I/II 21 95 50 II 33 I 15 q4wk mfuslOn d 1,8,15 q4wk 
1000 mg/m2 d 1,8,15 q4wk 5-FU, 500 mg/m2 bolus days II 26 29 41 9 30 

1,8,15 q4wk I 1000 mg/m2 d 1,8 q3wk Leucovorin, 100 mg/m2, by II 42 31 NR 13.1 NR 
5-FU, 400 mg/m2 bolus d 
1-3 q2wk ! 

1000 mg/m2 2 wk on 1 wk Capecitabme, 500--800 mg/ I/II 36 15 NR 6.3 33 ~ off m2 bid. continuously for I 2wkq3wk 
Arm A 2200 mg/m2 every ArmA None II 42 14 33 8.2 37 i 

otherwk I 
Arm B. 2200 mg/m2 e\ery Arm B. Capecltabme, 1250 41 17 48.4 9.5 31.8 I otherwk mg/m2bl.d 1 wkon 1 wk 

off I ,'"--
{:BR, chmcal benefit response; 5-FU, 5-fluorouraClI; NR, not reported; UIT, uraCil; ftorafur 

I 
I 
I , 
I 
I 

I ! 
} 
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Gemcitabine-Cisplatin Combinations 

Studies testmg the combination of gemcitabine with cisplatin 
are summarized in Table 29.3-17. The rationale for this com­
bination is based on preclinical studies demonstrating syner­
gistic activity between the two drugs, lIkely due to a 
decreased ability of the cell to repair DNA damage induced 
by cisplatm in the presence of gemcitabine. In addition, cis­
platin has modest single-agent activity in PC, with a 21 % 
objective response rate and a 5-month median survival in 
phase II studies. 195 Furthermore, the toxicity profile of cis­
platin (with nausea and vomiting and nephro-, neuro-, and 
ototoxicity) does not overlap With the preferential hemato­
logic toxic effects of gemcitabine. The combination studies 
have used a weekly administration schedule of the two drugs 
and have demonstrated a reasonable tolerability profile. As 
occurred in the combination studies with fluoropynmidines, 
the response rates and median survivals of patients treated 
with gemcitabine in combination with cisplatin have been 
higher than those reported with gemcitabine alone and have 
ranged from response rates of 9% to 31 %, with median sur­
vival figures ranging from 5.0 to 9.6 months. In a random­
ized phase II study conducted by Colucci et al.,192 the 
combination of gemcitabine and cisplatin resulted in a 
higher response rate (26.4% vs. 11.0%) and time to tumor 
progression (5 vs. 2 months) but no significant differences in 
median or I-year survival. The combination arm resulted in 
higher hematologic toxicity. The preliminary results from a 
phase III randomized clinical trial have also been pre­
sented.194 The trial enrolled a total of 198 patients with 
advanced or locally advanced PC. The combined gemcita­
bine-cisplatin regimen resulted in a statistically significant 
prolongation of time to tumor progression from 2.5 to 6.4 
months, with no significant improvement in the objective 
response rate or overall survival. 

Gemcitabine-Oxaliplatin Combinations 

The combination of gemcitabine with oxahplatin h 
reported in two published phase II studies. The G~~ bee~ 
(Oncology Multidisciplinary Research Group) coo C?a. 
group assessed the efficacy and toxicity of a biweerle.ratw~ 
men of oxaliplatin, 100 mg/m2, and gemcitabine, 1006 reg!. 
m2 administered as a 10-mg/m2 fixed-dose-rate infu . Illgl 

SIOn i . 
patients with advanced or locally advanced PC.196 Sixty_£ n 
patients were treated, and 30% of them achieved an ob?ur 
tive response. Symptom improvement was noticed in 40iec •. 
the patients. The median survival and I-year survival: ()f 
5.3 months and 36%, respectively. Overall, the treatlll ere. 
was very well tolerated, with fewer than 15% of the patie

ent 

having grade 3 to 4 toxicity. The second study Was c:: 
ducted by the North Central Cancer Treatment Group CO() 

erative and enrolled 47 patients in a regimen of oxahplatJP-
100 mg/m2 on day 1, and gemcitabine, 1000 mg/m2 on da;' 
1 and 8, with cycles repeated every 3 weeks, a regimen base~ 
on a prior phase I study conducted by the same group.197,198 
The overall response rate was 10.9%, and the median sur­
vival was 6.2 months. In a preliminary report of a phase III 
study, the combination of gemcitabine-oxaliplatin using the 
GERCOR regimen described above resulted m an mcrease 
in progression-free survival from 4 to 6 mon thS. 199 The 
study, however, included two variables: the addition of oxali­
platin and the use of a fixed-dose-rate infusion rather than 
the conventional 30-minute infusion, makIng It difficult to 
determine which one is responsible for the apparent Improve. 
ment. Based on these data, ECOG 6201 is comparing standard 
gemcitabine, with fixed-dose-rate infusion gemcitabine, with 
the gemcitabine-oxaliplatin combination as developed by 
the GERCOR group. This study will provide definitive data 
with regard to the relative merits of adding oxaliplatin to 
gemcitabine, as well as the dosing schedule of gemcJtabine. 

TABLE 29.3-17. Gemcitabine-Cisplatin Combinations in Advanced Pancreatic Cancer 

Author 
Gemcztabzne Dose/ 
Schedule 

Cisplatin Dose/ 
Schedule 

No. of 
Phase Patients 

Response CBR Medwn J-Y SurVIval 
Rate (%) (%) Survival (Mo) (%) 

----------------------------------------------------------------------------------------------
Brodowicz et 

al., 2000189 

Heinemann 
etal., 
2000190 

Phihp etal., 
2001191 

ColuccI et 
al.,2002192 

Cascinu et 
al.,2003193 

Heinemann 
et al, 
2003194 

1000 mg/m2 d 1, 8, 15 
q4wk 

1000 mg/m2 d 1,8, 15 
q4wk 

1000 mg/m2 d 1, 8,15 
q4wk 

Arm A: 1000 mg/m2 
weekly x 7; 1 wk rest; 
d 1, 8, 15 q4wk 

Arm B: 1000 mg/m2 
weekly x 7; 1 wk rest, 
d 1, 8,15 q4wk 

1000 mg/m2 d 1, 8 q3wk 

35 mg/m2 d 1, 8, 15 
q4wk 

50 mg/m2 d 1 and 15 
q4wk 

50 mg/m2 d 1 and 15 
q4wk 

Arm A: None 

Ann B: 25 mg/m2 
weeklyx 7, 1 wkrest; 
d 1, 8,15 q4wk 

25 mg/m2 d 1, 8 q3wk 

AnnA 1000 mg/m2d 1, Arm A: None 
8,15 q4wk 

Arm B: 1000 mg/m2 d 1 
and 15 q4wk 

Ann B. 50 mg/m2 d 1 
and 15 q4wk 

CBR, clmical benefit response; NR, not reported. 

II 16 

II 41 

II 42 

II 44 

53 

II 45 

III 100 

98 

31 NR 9.6 NR 

11.4 NR 8.2 27 

26 NR 71 19 

9.2 49 5 11 

264 (p= 53 7.5 Il3 
.02) 

9 24 5.6 

8 NR 6 

10.2 NR 7.6 (P= .1) 

I 

I 
~ 

I 



... ~ftalJitte-u()ce'ta.xel Combination 

combination of gemcitabine and docetaxel was developed 
on early reports suggestmg that docetaxel 'was very active as 

agent 111 patients with pc.140 Cascinu et al.2oo from the GIS­
(ItalIan Group for the Study of Digestive Tract Cancer) 

a phase lIli study of docetaxel, 70 to 80 mg/m2 on day 
gemcitabine, 1000 mg/m2 on days 1 and 8 every 21 days. 

maximum tolerated dose of the regImen was 70 mg/m2 doce­
with higher doses resulting in dose-lImiting hematologic 

Eighteen patients were treated 111 the phase II portion of 
with only one partial response (5.5%) and a median sur­

of 5.4 months, which resulted 111 early termination of the 
conducted a phase II study of docetaxel, 75 mg/ 

day 1, and standard gemcitabine, 1000 mg/m2 on days 1, 8, 
15 every 28 days. The regimen had to be modified to a weekly 

schedule of 40 mg/m2 on days 1 and 8, with gemcita-
1000 mg/m2, administered the same days every 21 days, 
grad~ 2 to 3 hematologic toxicity developed in 13 of the 

18 patients. Overall, seven patients achIeved a partial 
for a median time to progression of 5.25 months. The 

linl)in<lllcm of gemcitabine-docetaxel (gemcitab111e, 800 mg/m2 

days 1 and 8, and docetaxel, 85 mg/m2 every 3 weeks) has 
compared to cisplatin-docetaxel (cisplatln, 75 mg/m2 on day 

and docetaxel, 75 mg/m2 on day 1 every 21 days) in a random­
phase II study conducted by the EORTC.202 PrelIminary data 
this study indicate that the regimens are equally effective, 

a response rate of 16% and a median survival of 7.6 and 7.1 
respectively. The combination of docetaxel-gemcitabine 

r",,-pr,t!,, one of the experimental arms of CALGB 89904, a 
III randomized clinical trial in which patients with 

PC are randomized to treatlnent with fixed-dose-rate 
(10 mg/m2/mm x 150 minutes on days 1, 8, and 15 

28 days), gemcitabine-cisplatin (gemcitabine, 1000 mg/m2 
1,8, and 15, and cisplatln, 50 mg/m2 on days 1 and 15), 

emc:itaiJine-d.ooetaxel (gemcitabine, 1000 mg/m2 on days 1 and 
and docetaxel, 40 mg/m2 on days 1 and 8 every 21 days), or 

,genlCitllbirle-irinotecan (gemcitabine, 1000 mg/m2 on days 1 and 
irinotecan, 100 mg/m2 on days 1 and 8). 

.lie:mClttaIOil1te Topoisomerase I Inhibitor 
~(]1'll/Jlma.t1(1n Studies 

topoisomerase inhibitor most widely studied in PC is Irinote­
In a phase I study of gemcitabine combined with irinotecan, 

maximum tolerated dose of the drugs was 1000 mg/ m2 gemci­
and 100 mg/m2 irinotecan on days 1 and 8 every 21 days.202 

SUbsequent phase II study with this regimen showed a 20% 
response rate in 45 patients treated, and 30% of the 

had a greater than 50% reduction in CA 19-9 levels.203 

and I-year survival were 5.7 months and 27%, respectively. 
results are very similar to those obtained by Stathopoulos et 

a different regimen in which patients received gemcita-
1000 mg/m2 on days 1 and 8, and irinotecan, 300 mg/m2 on 

8, with cycles repeated every 21 days.204 A total of 60 patients 
, treated, reporting an objective response rate of 24.7%, 
median survival of 7 months, and I-year sUrvIval of22.5%. Despite 
, encouraging results, a phase III randomized trial that com­
pared gemcitabine with gemcitabine plus irinotecan using the day 
-I and 8 schedule mentioned above in a total of 360 patients with 
lOcally advanced or advanced PC failed to demonstrate a survival 
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benefit for the combinatlon.205 Patients treated with the combma­
tion had a hIgher response rate ofl6.1% versus 4.4% (P= .001) 
but simIlar time to tumor progression (3.5 to 3.0 months; P = 
.352) and survival (6.3 vs. 6.6 months; P= .789). ToXIcity was simi­
lar in the two groups, with patients treated with the combination 
arm having a hIgher occurrence of dIarrhea (19% VS. 2%) and the 
groups having similar quahty-of-life scores. As mentioned earlier, 
CALGB 89904 is currently testing the gemcitabine-irinotecan 
combination 111 a phase III study. Phase II and III studies of other 
topoisomerase inhibitors such as exatecan and rubltecan are also 
being conducted, but results are not available. 

Gemcitabine-Antifolate Combinations 

The two antifolates that have been studIed in combination regI­
mens in PC are raltltrexed and pemetrexed. The combination of 
raltitrexed (3 mg/m2 as a 15-minute mfusion on day 1 and gemci­
tabine, 1000 mg/m2 on days 1 and 8 every 21 days) was tested in 
25 patients with advanced or locally advanced PC.206 Three partial 
remissions (12%) occurred, and the median survival of the entire 
cohort was 6.1 months. Pemetrexed is synergistic with gemcita­
bine zn Vttro, and m a phase I study the combination was well toler­
ated.207 A subsequent phase II study combining gemcitabine, 1250 
mg/m2 on days 1 and 8, with pemetrexed, 500 mg/m2 on day 8 
with folic aCId and vitamin BI2 supplementation, enrolled 42 
patients.208 The response rate was 15%, median survival was 6.5 
months, and I-year survival was 29%. Based on these results, a 
multicenter phase III study targeting a sample size of 520 patients 
has been completed.209,2JO 

Other Combination Chemotherapy 
Regimens in Pancreatic Cancer 

The anthracycline epirubicin has single-agent activity in patients 
with PC, which, in a randomized trial, was similar to a 5-FU-based 
combination.211 Several phase II studies have explored the activity 
of epirubicin 111 combination with gemcitabine. Neri et al.212 

administered epirublCin, 20 mg/m2 on days 1, 8, and 15, with 
gemcitabine, 1000 mg/m2 on days 1, 8, and 15, every 4 weeks to 
44 patients with locally advanced or metastatic pancreatic adeno­
carcinoma, or both. The overall response rate was 25%, and the 
median survival was 10.9 months. A total ofl2 of27 (44.4%) eligi­
ble patients attained a CBR. Other gemcitabine-based combina­
tions that have been tested m phase II studies included 
gemcitabine-celecoxib and gemcitabine-flutamide.167,213 

Few studies have evaluated three or more drug combination 
regimens in Pc. Reni et al.214 published a phase II study of gemci­
tabine, 600 mg/m2 on days 1 and 8; cisplatin, 40 mg/m2 on day 1; 
epirubicin, 40 mg/m2 on day 1; and continuous-infusion 5-FU, 
200 mg/m2 on days 1 to 28. A total of 49 patients were treated in 
the study, with a response rate of 58%, median survival of 10 
months, and I-year survival of 39%. Twenty-eight percent and 
51 % of the cycles were complicated by grade 3 and 4 thrombocy­
topenia and neutropenia, respectively. Several other triple- and 
quadruple-drug combmations have also been reported. 

NEW DRUGS IN PANCREATIC CANCER 

Dunng the last few years, an increasing number of new drugs, 
many of them targeted to specific alterations in malignant cells, 
have been tested in PC, as well as in other tumors. The rationale 
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'I}\BLE 29.3-18. Studies with Novel Drugs in Advanced Pancreatic Cancer 

Median ~ Gemcltabzne Dose/ Novel Drug Dose/ No of Response Survival 
Novel Agent Author Schedule Schedule Phase PatIents Rate (%) (Mo) SUl'1llv/ll 

(%) 
~ MMPI Rosemurgy Manmastat, 5-75 64 NR 5.3 

21 etal., mg PO b.i.d, 
1999226 10-25 mg PO / d 

MMPI Evans etal., Marimastat, IO- n 130 38 
2001 217 100 mgPO 

b.ld." 
MMPI Bramhall et Arm A: 1000 mg/m2 AnnA:- III 103 26 5.6 19 

a1.,2001 218 weekly x 7; 1 wk rest; Arm B: marimastat, 104 3 3.7 14 d 1, 8,15 q4wk 5mgb.i.d 
AnnB,C,D'- Arm C: marima- 105 3 3.5 14 stat, 10 mg bj.d. 

Arm D: marima- 102 3 42 20 
stat, 25 mg b.i.d. 

MMPI Bramhall et 1000 mg/m2 weekly x 7; Arm A: marima- III 120 11 5.5 NR 
a1.,2002219 1 wk rest; d 1, 8, 15 stat, 10 mg bj d. 119 16 55 NR 

q4wk Ann B: placebo 
MMPI Moore et al., AnnA: 1000 mg/m2 Arm B: BAYl2- III 139 6 6.59 25 

2003220 weekly x 7; 1 wk rest, 9566,800mg 138 0.9 3.74 (P<.OOl) 10 
d 1, 8, 15 q4wk POb.i.d. 

AngiogenesIs Kindler et al., 1000 mg/m2 d 1, 8,15 Bevacizumab,10 II 30 27 Not reached 53b 

inhibitor 2003221 q4wk mg/kg IV, days 1 
and 15 

FII Cohen etal, Tipifarnib, 300 mg II 20 0 4.8 NR 
2003223 POb.i.d. 

FII Van Cutsem 1000 mg/m2 weekly x 7; Ann A: tipifarnib, III 688 NR 64 27 
et al., 1 wk rest; d 1, 8, 15 200 mg PO b.Ld. 61 24 
2002224 q4wk Ann B: placebo 

FII Lersch et al., AnnA: 1000 mg/m2 Ann B: lonafarmb, II 30 3 4.4 NR 
2001225 weekly x 7; 1 wk rest; 200 mg PO b.Ld. 33 6 3.3 

d 1, 8, 15 q4wk 
EGFR Safran and 1000 mg/m2 weekly x 7; Trastuzumab, 2 II 23 24 7.5 24 

Schwartz, 1 wk rest; d 1, 8,15 mg/kg/wkc 
2001227 q4wk 

Abbruzzese 1000 mg/m2 weekly x 7; Cetuximab, 250 II 41 125 6.7 33 
et al., 1 wk rest; d 1, 8,15 mg/kg/wkd 
2001228 q4wk 

EGFR, epIdermal growth factor receptor; FII, farnesyltransferase inhibitor; MMPI, matnx metalloproteinase inhIbitor; NR, not reported 
"Ninety percent of the patients received 25-mg dose . 
bActuarial estimated . 
'Loading dose of 4 mg/kg/wk. 
<!Loading dose of 400 mg/kg/wk. 

to develop these drugs in PC comes from better understanding of 
the biologic basis of the disease that has made possible the identi­
fication and validation of some of these targets in Pc. In addition, 
the poor prognosis of patients with this disease, and the evidence 
from clinical trials discussed above that conventional chemother­
apy may have reached a plateau with regard to improving out­
come, has also motivated an aggressive evaluation of new drugs in 
PC.215 Table 29.3-18 summarizes the key features of selected stud­
ies conducted with novel drugs in PC. 

Matrix Metalloproteinase Inhibitors 

The matrix metalloproteinase (MMP) inhibitors are a group of 
closely related proteases, which are dysregulated in the major­
ity of human neoplasms including PC. The increased activity of 
these enzymes has been related to tumor growth, progression, 
invasion, generation of blood vessels, and metastasis. Several 
inhibitors of the MMPs have been developed as anticancer 

agents, and two of them, marimastat and BAYI2-9566, have 
been more extensively studied in PC.216 

Marimastat is a hydroxamate peptidomimeuc broad-spec· 
trum inhibitor of the MMP family, including MMP 1,2, and 9, 
In phase I studies in PC, dosages from 10 to 25 mg orally twice 
a day were well tolerated. In a large phase II study that enrolled 
113 patients, 90% of whom were treated with 25 mg once a day, 
a 30% decline or stabilization in the tumor marker CA 19-9 was 
reported, with a median survival of 3.8 months.217 Arthralgias, 
the most common toxicity encountered with marimastat, deve!· 
oped in 29% of the patients. The efficacy and toxicit; of man­
mastat at dosages of 5, 10, and 25 mg twice a day were 
compared to those of gemcitabine in a phase III study. Patients 
treated with gemcitabine had a longer progression-free sUf\wal 
of 3.8 months versus 1.9 to 2.0 months for the manmastat:­
treated group (P = .001) .218 Overall survival was also betterfor 

gemcitabine and significantly worse for patients treated "1.th 
marimastat at doses of 5 and 10 mg, whereas no statistically Slg' 
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differences were observed in overall survival with the 
twice-a-day dose. A subset analysis in this study showed 

benefit of gemcitabine was restricted to patients with 
disease and that those with locally advanced tumors 
from marimastat, supporting the hypothesis that 

drugs may be more active in situations of early disease. 
the combination of gemcitabine with marimastat was 

against gemcltabme alone in a randomized phase III 
with no Improvement in any parameter of outcome in 

bined-treatment group.219 
second MMP inhibitor extensively studIed in PC is 

m".u,>,nn, a peptidomimetic inhibItor specific for the MMPs 
9 The drug was compared in a phase III study to smgle­
gemCltabine.22o Of a planned sample of 350 patients, 270 
enrolled, after an interim analysis demonstrated that 

treated with gemcitabine had a significantly better 
to tumor progression (3.5 vs. 1.6 months; P <.001) and 

survival (6.59 vs. 3.74; P <.001). Quality-of-life analysis 
favored gemcitabine. In summary, these studies suggest 
current MMP inhibitors do not have relevant antitumor 

in patients with advanced PC. Whether or not these 
or newer-generation analogs ""ill be effective in earlier 
of PC remains to be determined. 

futl){1ene:5ls Inhibitors 

angiogenesis mhibitor that appears most promising in PC 
J(;V,~,-,.LCUHU'J, a recombinant, humanized monoclonal anti­

agamst the vascular endothelial growth factor, which is a 
factor that has been implIcated in PC progression m 
preclinical studies. BevaClzumab has been studied m 

aU,HUL.V" with gemcitabine m a phase II study in patients 
PC.221 Patients with advanced or locally advanced PC 

gemcitabine, 1000 mg/m2 on days 1, 8, and 15 every 
days, and bevacizumab, 10 mg/kg intravenously on days 1 

15. Results on the first 26 evaluable patients have been 
WIth a response rate of 27%, median time to tumor 

OgT,eSSllon of 6 months, and estimated I-year survival of 53%. 
studies suggest that patients with higher baselme 

of vascular endothelial growth factor tend to have poorer 

mm.T","" of the Ras Oncogene 

in the oncogene Ras are the most frequent genetic 
in PC. Because Ras must be famesylated to be 

posttranslational modification mediated by the 
famesyltransferase), inhibitors of this enzyme have 

developed as potential Ras inhibitors.222 Two of these far­
inhibitors, tipifamib and lonafamib, have 

studied in disease-onented studies in PC. Tipifamib was 
in a single-agent phase II study m patients with advanced 

admimstered at a dosage of 300 mg orally twice a day.223 
patients were treated, with no objective responses and a 
survival of less than 5 months. Correlative studies con­
in penpheral blood mononuclear cells demonstrated 
inhibition of the target famesyltransferase enzyme. In 
to this study, a randomized phase III study compared 

combination of tipifamib plus gemcitabine versus gemcita­
plus placebo in patients with advanced PC224; 688 patients 
treated, without demonstrating any improvement in out-
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come m those given tiplfamib plus gemCltabine. Lonafamib 
was evaluated in a randomized phase II study m companson to 
gemcitabine.225 The 3-month progresslOn-fi-ee survival rate for 
patients treated with lonafamib was 23%, compared to 31 % for 
gemcitabine, and the median overall survivals were 3.3 months 
and 4.4 months, respectively. Two partial responses occurred in 
patients treated v.ith lonafarmb, and one partial response was 
observed in the gemcitabine-treated group. 

Inhibitors of the Epidermal Growth Factor 
Receptor Family of Receptors 

PharmacologIcally, the inhibitors of the epidermal growth fac­
tor receptors (EGFR) belong to two broad classes of drugs: 
monoclonal antibodies against the extracellular domain of the 
receptor and small-molecule inhibitors of the intracellular TK 
domain. The studies conducted in PC have mainly tested the 
combination of these drugs WIth gemcitabine. 

Several studies have evaluated monoclonal antibodies. Saf­
ran and Schwartz227 reported a phase II study of trastuzumab, a 
monoclonal antibody that targets the Her-2 receptor, in combi­
nation with gemCltabine in patients with PC Up to 21 % ofPCs 
are Her-2 positive, and preclinical studies have shown that inhi­
bition of Her-2 signaling with trastuzumab is associated with 
antitumor effects in PC models. Patients with Her-2-positive 
pancreatic adenocarcinoma received gemcitabine, 1000 mg/m2 
weekly for 7 consecutive weeks followed by 1 week of rest and 
then weekly for 3 weeks every 4 weeks, and trastuzumab, 2 mg/ 
kg/wk after an mitial loading dose of 4 mg/kg. Data on 23 
patients have been reported thus far. Five patients had a partial 
response (response rate 24%), and the median survival and 1-
year survival were 7.5 months and 24%, respectively. Nine of 18 
evaluable patients (50%) have had greater than 50% reduction 
in CA 19-9. Abbruzzese et a1.228 conducted a phase II study of 
gemcitabine and cetuximab, a monoclonal antibody against the 
EGFR in EGFR-positive PC patients. Forty-one patients were 
treated in the study. The overall response rate was 12.5%, with a 
median survival of6.7 months and I-year sUrvIval of33%. 

The second clinically relevant classes of agents that inhibit 
the EGFR are small-molecule inhibItors of the receptor TK 
Several of these agents are currently in clinical development. 
Two of these compounds, EKB-569 and erlotinib, have been 
specifically developed for PC. EKB-569, an irreversible inhibI­
tor of the EGFR and of the Her-2 receptor, has completed a 
phase I study in combination with gemcitabine. Furthermore, a 
randomized phase III study of gemcitabine plus erlotimb or 
placebo has completed enrollment. 

TREATMENT RECOMMENDATIONS 

The standard treatlnent for patients with advanced PC remains 
single-agent gemcitabine. This strategy is also appropriate for 
patients with locally advanced disease, although these individu­
als are commonly managed with combined modality approaches. 
Either a conventional 30-minute or fixed-dose-rate gemcitabme 
mfUSlOn IS appropriate, based on existing data. Combinations 
of gemcitabine WIth other agents, such as cisplatin, irinotecan, 
oxahplatln, and fluoropynmldmes, have not resulted m improve­
ment in survival or quality of life in studies available thus far. 
Such combinations should not be considered standard of care 
at the present time, although this could change as the results of 
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randomized studies become available. Because the main effect 
of chemotherapy in PC is symptom palliation, this should be 
the primary criterion to guide chemotherapy treatments. More 
recently, the serum marker CA 19-9 has been used as a predlC­
tor of clinical and radiologic response. Finally, considering the 
poor outcome of patients treated with conventional treat­
ments, enrollment in clinical trials testing new treatment strat­
egIes should be encouraged. 

IMMUNOTHERAPY 

Immunotherapy has tl1e potential to provide non-cross-resis­
tant mechanisms of antitumor activity that can be integrated 
with surgery, radiation, and chemotherapy. A major advantage 
of immune-based therapies is their ability to specifically target 
the transformed tumor cell relative to the normal cell of origin. 
As a result, minimal and less severe nonspecific toxicities are 
expected when compared with other PC treatment modalities. 
Immunotherapy is extensively discussed elsewhere in this text. 

ANTIGEN-BASED VACCINES 

A few candidate pancreatic antigens recognized by Band T 
cells have already been identified and fall into several catego­
nes, including reactivated embryonic genes (carcinoembry­
onic antigen), mutated oncogenes/suppressor genes (k-ras and 
P53), altered mucins (MUC1), and overexpressed tissue-specific 
genes (HER-2/neu and Gastnn-I7). Viral vector, protein, and 
peptide vaccines using some of these antigens have been tested 
in phase I and II clinical trials. Although T-cell responses have 
been observed, they have not yet been correlated with clinical 
regressions.229,230 

Mutated k-ras vaccines have been the most extensively stud­
ied peptide/protein-based vaccine approach in patients with 
pancreatic adenocarcinoma. In the largest study, patients with 
either resected or advanced pancreatic adenocarcinoma were 
intradermally admmistered a 17 amino acid peptide contain­
ing either the specific k-ras codon 12 mutation (resected dis­
ease) or a mixture of four k-ras pep tides containing the four 
most common mutations (advanced disease), Human granulo­
cyte-macrophage colony-stimulating factor (GM-CSF; 40 g) was 
administered intradermally 15 minutes before peptide vaccina­
tion. Patients were vaccinated weekly for 4 weeks and were 
given booster mjections at weeks 6 and 20. Peptide vaccination 
was well tolerated in all 48 patients. Of the 48 vaccinated 
patients, 43 were evaluable for induction of immune response. 
A positive delayed-typed hypersensitivity (DTH; measured as 
less than 5 mm induration 48 hours after vaccination) was 
observed in 21 of 43 evaluable patients. In additIOn, the pep­
tide vaccine elicited a positive mutated k-ras-specific prolifera­
tive T-cell response in the peripheral blood of 17 of 43 
evaluable patients. Mean survival of patients after resection was 
25.6 months. In the group with advanced disease, stable disease 
was seen in 11 of 34 evaluable patients. An immune response 
(defined as either a pOSItive DTH or a prolIferative T-cell 
response) was observed in 20 of the 34 treated patients, includ­
ing all 11 patients demonstrating stable disease. The median 
survival in the group that demonstrated an immune response 
was 148 days, versus 61 days in the group that did not demon­
strate an immune response (P= .0002). 

WHOLE TUMOR CELL VACCINES 

Whole tumor cell vaccine approaches involve the u Se of 
gous or allogeneIc tumor cells to stimulate an ImmUn aUtolo: 
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radiation in patients with resected pancreatlC adenocar . emo. cmoma 
have been reported.231 Fourteen patients with stage 2 or 3 d' 
ease received an initial vaccination 8 weeks after pan Ii!-. creati· 
coduodenectomy. ThIS was a dose-escalation study in which 
three patients each received 1 x 107, 5 x 107, and 1 x 108 d 
fi

. . 8 ,an 
ve patients receIved 5 x 10 vaccine cells Study patients .. . were 

Jomtly enrolled m an adjuvant chemoradiation protocol for 6 
months. After the completion of adjuvant chemoradlati . ~ 
patIents were reassessed, and those who were still In remlssio 
were treated with three additional vaccinations given 1 mont~ 
apart at the same original dose that they received for the fir,: 
vaccination. Few toxicities were observed. Systemic GM·CSF 
levels were measured to assess the longevity of vaccine cells at 
the Immunizing site. Serum GM·CSF levels could be detected 
for up to 96 hours after vaccination. Postvaccination DTH 
responses to autologous tumor cells were observed In one of 
three patients receiving 1 x 108 and in two of four patients 
receiving 5 x 108 vaccine cells. Follow-up studies are ongoing. 
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SECTION 4 

Cancer of the Liver 

DAVID L. BARTLETI 
BRIAN I. CARR 

J. WALLIS MARSH 

Primary tumors of the liver represent one of the most common 
malignancies worldwide. The annual international incidence of 
the disease is some 1 million cases, with a male to female ratio of 
approximately 4:1. In the United States, approximately 15,400 
new tumors of the liver and biliary passages are diagnosed each 
year, with 12,300 deaths estimated annually. I Approximately one­
half of these tumors are of the gallbladder, a third are tumors of 
the intrahepatic and extrahepatic biliary ducts, and the remain­
der are primary hepatocellular carcinomas (HCCs), accounting 
for 4000 to 6000 cases per year in the United StatesP 

The death rates in males in low-incidence countries such as 
the United States are 1.9 per 100,000 per year, in intermediate­
incidence areas such as Austria and South Mrica they range 
from 5.1 to 20.0, and in high-incidence areas such as Asia (China 
and Korea) they are as high as 23.1 to 150 per 100,000 per year. 
The incidence of HCC in the United States is currently thought 
to be around 3 per 100,000 persons, with significant gender, eth­
nic, and geographic variations.4 The highest rate was in Hawaii 
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at 4.5 and the lowest was in Utah at 1.0 patients per 100,000 pop­
ulation. These numbers for the United States are rapidly mcreas· 
ing and may be a gross underestimate.4-8 There are thought to 
be around 4 million chronic hepatitis C virus (HCV) carriers 
alone in the United States. Approximately 10% of them, or 
400,000, are likely to develop cirrhosis, Of these, it IS estImated 
that around 5%, or 20,000, may develop HCG Add to thiS the 
two other common predisposing factors-hepatitis B \~!US 
(HBV) infection and chronic alcohol consumption-and 60,000 
new HCC cases annually seem possible. There appears to be evi­
dence for increasing incidence of HCV-based HCC (Fig. 294-1). 
Because most HCC patients have a multiyear history of hepatitis 
B, hepatitis C, or alcohol abuse and cirrhosis, possibly the death 
certificates record the chronic liver failure, rather than HCC, as 
a cause of death. Since the last edition of this text, better imag­
ing studies have become available to further define Illtrahepatic 
spread of hepatic malignancies, liver transplantation has been 
increasingly applied and its role better defined, and new treat­
ment methods such as yttrium 90 (90V) microspheres ha;e 
become available. The twin problems of major derangements III 
hepatic physiology associated with many neoplasms of the bIliaf) 
tree, and the associated high incidence of recurrence of most of 
these tumors, will require new basic information about hepatD­
biliary biology and the tumors arising from them to allow Signifi­
cant progress. It is likely that future advances m the 
management of these malignancies will be dependent III part 011 

immumzation strategies for HBV and HBC, as well as de\'elop-
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