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INTRODUCTION

The Board of Directors and Advisory Board of the
Pancreas Club, Inc., decided this year to somewhat
redirect the focus of the “How I Do It” session for
this year’s program. Recent past sessions have focused
on intraductal papillary mucinous neoplasms, modern
imaging of the pancreas, and resection strategies for
pancreatic adenocarcinoma. This year the topic
turned to pancreatitis, with attention being directed to
recent progress in the molecular understanding of
both acute and chronic pancreatitis.

The topic of acute pancreatitis was discussed by
Dr. David C. Whitcomb, from the University of
Pittsburgh. Dr. Whitcomb and his laboratory have led

the initiative toward a more thorough understanding
of a pivotal molecule in acute pancreatitis: cationic
trypsinogen. His lecture beautifully highlighted the
three-dimensional conformational changes in tryp-
sinogen brought about by the common mutations of
hereditary pancreatitis and the interaction of calcium.

The topic of chronic pancreatitis was nicely re-
viewed by Dr. Helmut Friess, from the University of
Heidelberg. Drs. Friess and Biichler have been lead-
ers in the advancement of our knowledge about
chronic pancreatitis. Dr. Friess’ discussion focused
on the molecular events observed in conjunction with
neural prominence and inflammatory cells, as well as
recent findings from DNA array technology. Short
synopses of these two lectures follow.
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Acute Pancreatitis: Molecular Biology Update

David C. Whitcomb, M.D., Ph.D.

Acute pancreatitis represents a clinical syndrome
that is defined by the sudden onset of “typical” pain
associated with elevated digestive enzymes (amylase
and lipase) in the blood stream. My task is to provide a
molecular biology update of this syndrome. This as-
signment reminded me of an urban legend told to
me by asurgical residentat Duke University during my
house staff training. He told me that a bank robber
accidentally tripped an alarm during a bank holdup
and, in the heat of the moment, took three physicians
hostage as he jumped into his getaway car. Realizing
that he could only manage one, he determined to kill
two and keep the physician who was most valuable
to him. The first physician was in family practice.
Because the bandit already had his influenza vaccina-
tion, he shot the doctor and threw him out the
window. The second physician was a molecular biolo-
gist. “What does a molecular biologist do?” he asked.
“STOP, shoot me now!” cried the trauma surgeon. “I
would rather die than hear another lecture about
molecular biology!”

To be sure, there are innumerable traumatic, meta-
bolic, toxicologic, pathologic, inflammatory, and
other redundant pathways that crisscross and back-
step in multiple isotypes and forms described some-
where in excruciating detail. However, today I want to
focus on a molecule of singular importance: trypsin. If
one understands trypsin, then one understands the
origins of acute pancreatitis.

TRYPSIN IS CENTRAL TO PANCREATIC
FUNCTION

There are three forms of trypsin that are expressed
in the human pancreas.! The most abundant is cat-
ionic trypsinogen, also known as “PROTEASE,
SERINE, 1; PRSS1.” Anionic trypsinogen (PRSS2)
and mesotrypsinogen (PRSS3) are similar to PRSS1
in that they all attack peptide chains at arginine or
lysine residues. Trypsin is a highly active and efficient
enzyme that rapidly digests dietary proteins within

the intestinal lumen. Itis synthesized in the pancreatic
acinar cells as inactive trypsinogen, and normally
remains inactive until it comes in contact with
enterokinase within the intestinal brush border.
Trypsin serves two additional functions. First,
trypsin is the activator of nearly all of the other pan-
creatic digestive enzymes. It is the match that lights
the gunpowder. Without trypsin, the other digestive
enzymes remain inactive and maldigestion develops.
Second, trypsin regulates pancreatic secretion. The
duodenum has a trypsin “sensor” that measures lumi-
nal trypsin activity. When free trypsin activity falls,
as occurs during a protein-rich meal or with ingestion
of a protein inhibitor, then luminal trypsin-sensitive
factors (such as CCK-releasing factors) avoid trypsin-
mediated destruction. As CCK-releasing factors
increase in concentration, they stimulate CCK re-
lease,” which in turn causes pancreatic secretion of
more pancreatic enzymes until the protein and CCK-
releasing factors are digested and baseline trypsin
activity is restored. Thus trypsin plays a key regula-
tory role in pancreatic digestive enzyme physiology
by activating digestive enzymes and regulating duo-
denal enzyme activity through a feedback system.

PATHOLOGY OF TRYPSIN

Premature trypsinogen activation to trypsin within
the pancreas causes an activation cascade with addi-
tional trypsinogen and other digestive proenzymes
actively converted to active enzymes, leading to pan-
creatic digestion and inflammation. This is recog-
nized clinically as acute pancreatitis. There are now
multiple lines of evidence demonstrating that tryp-
sinogen activation is among the earliest events in
acute pancreatitis.’ In essence, trypsin activation
initiates acute pancreatitis,’ whereas trypsin inhibi-
tion reduces or prevents pancreatitis.’ Furthermore,
gain-of-function genetic trypsin mutations or loss-
of-function mutations in trypsin inhibitors increase
the risk of acute pancreatitis.*” Moreover, products
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of trypsin activation (trypsinogen activation peptide;
TAP) are identified early in the course of acute
pancreatitis.®

REGULATING TRYPSIN

A key to preventing the development of acute pan-
creatitis is the regulation of trypsin activity within the
pancreas. Fortunately, the body uses a number of
strategies to keep trypsin under control. These can
be divided into two main categories: intra-acinar cell
mechanisms and ductal mechanisms. In addition,
there are trypsin inhibitors and other protective
mechanisms in the interstitial space, which will not
be considered here.

Trypsinogen is synthesized within the acinar cells.
As noted earlier, the first protective mechanism is the
synthesis of trypsinogen in an inactive form (trypsino-
gen) with an activation site located in the target
organ, which is the duodenal lumen. Trypsinogen
activation occurs when the exposed TAP is cleaved
off the native molecule by enterokinase or trypsin.
Cleavage of this peptide causes a conformational
change in the core peptide, with opening of the
specificity pocket and active site. Several mutations
in cationic trypsinogen enhance trypsin activation,’
and these mutations increase susceptibility to acute
pancreatitis.

If trypsinogen is activated within the acinar cells,
it can be inhibited by pancreatic secretory trypsin
inhibitor (PSTT, also known as serine protease inhibi-
tor, Kazal type 1; SPINK1). This peptide is a specific
trypsin inhibitor and an acute-phase protein. Muta-
tions in SPINKI1, which likely reduce its ability to
inhibit trypsin, are associated with pancreatitis in chil-
dren, some familial pancreatitis, and various forms of
tropical pancreatitis. These mutations are common
and are seen in 2% of most studied populations.’
Although intracellular SPINKI is an effective trypsin
inhibitor, the amount of trypsinogen greatly outnum-
bers the number of SPINKI molecules, so that the
inhibitory capacity is limited. If more trypsinogen is
activated than SPINKI can inhibit, then other pro-
tective mechanisms must be employed.

Our studies in hereditary pancreatitis drew atten-
tion to the important trypsin self-destruct mecha-
nism.® The trypsin molecule has two globular
domains held together by a single side chain. This side
chain is critical to trypsin regulation. In the middle of
the side chain is an arginine, the target amino acid
of trypsin. Biochemical studies demonstrate that this
site is sensitive to trypsin hydrolysis, and cleavage of
this site is the first step in trypsin autolysis. The
importance of this site and the autolysis mechanism
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is demonstrated by patients with hereditary pancre-
atitis who have mutations at R122 and recurrent
acute pancreatitis when trypsin cannot be destroyed
within the acinar cells.

The R122 autolysis site is regulated by calcium. If
trypsinogen is activated in a calcium-free buffer, it
quickly undergoes autolysis.'? In the presence of cal-
cium, trypsin remains active indefinitely. Structural
studies suggest that the trypsin molecule has a calcium
binding site near the autolysis loop (i.e., connecting
side chain).!" Calcium binds to the calcium pocket
and the R122 site, preventing a second trypsin from
attacking, thereby stabilizing active trypsin. This
makes physiologic sense because trypsin is stabilized
after being secreted from the acinar cell into the duct,
and remains stable in the duodenum and into the
jejunum, where calcium is normally absorbed. Tryp-
sin activity then disappears within the ileum. Elevated
calcium levels within the acinar cell are pathologic
because they eliminate the trypsin autolysis mecha-
nism and lead to acute pancreatitis'®!? just as is seen
in hereditary pancreatitis. Of note, acinar cells are
very sensitive to bile salts, which cause marked in-
creases in intracellular calcium levels.'* This observa-
tion may link bile reflux to acute pancreatitis.

Once trypsinogen is secreted into the pancreatic
ducts, which have a high calcium concentration, there
is danger of trypsinogen activation because the auto-
lysis mechanism is eliminated. Fortunately, some
SPINKI1 is also secreted with trypsin. However, if
too much trypsinogen is activated, then other mecha-
nisms must be employed to protect the pancreas. One
key mechanism is rapid flushing of the duct system.
"This is mediated by the duct cells and is dependent
on cystic fibrosis transmembrane conductor regula-
tor (CFTR) function. Mutations in CFTR reduce
the fluid-secreting capacity of the pancreas, causing
active trypsin to remain within the pancreas for pro-
longed periods of time. This may also lead to acute
pancreatitis and chronic pancreatitis, and is seen in
patients with cystic fibrosis or atypical cystic fibrosis
with pancreatitis.!>16

CONCLUSION

Molecular genetic studies provide critical informa-
tion that points to trypsin as the central molecule in
initiating acute pancreatitis. Susceptibility to acute
pancreatitis appears to be related to the body’s ability
to protect itself from trypsin activation. Once acute
pancreatitis is initiated, the extent, severity, and com-
plications are largely controlled by other factors, such
as the immune response. Knowledge of these con-
cepts will likely become more and more important
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as risk and pathways are better defined and early
interventions developed.
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Molecular Pathophysiology of Chronic

Pancreatitis—An Update

Helmut Friess, M.D., Forg Kleeff, M.D., Markus W. Biichler, M.D.

Chronic pancreatitis is an inflammatory disease of
the exocrine pancreas characterized by the progres-
sive destruction of the whole organ resulting in severe
exocrine and endocrine insufficiency, as well as the
leading clinical symptom, severe abdominal pain.!?
Heavy alcohol consumption is the main etiologic
factor leading to chronic pancreatitis in Western
countries; however, other causes of chronic pancreati-
tis have been identified including various gene muta-
tions. Mutations include those of the cationic
trypsinogen gene,’ the serine protease inhibitor
Kazal type 1 (SPINK1) gene,* and the cystic fibrosis
transmembrane conductor regulator (CFTR) gene.’
These gene mutations, especially the cationic trypsin-
ogen mutation, have been the focus of chronic
pancreatitis research in the past several years, and
they explain, at least in part, the cause of chronic
pancreatitis in a subset of patients. In addition, other
causes of chronic pancreatitis have been identified
such as gallstone disease, certain metabolic disorders,
and some tropical variants (for whom the etiologic
agent has not been identified so far). Irrespective of
the underlying cause, chronic pancreatitis is charac-
terized histologically by acinar cell atrophy, dediffer-
entiation of acinar cells into tubular complexes,
immune cell infiltration, alteration of pancreatic
nerves, and parenchymal fibrosis.

NEUROIMMUNE INTERACTION

In recent years, modern molecular biological tech-
niques have provided important clues to clarify the
morphologic changes and pathophysiologic aspects
of chronic pancreatitis.” One aspect that has been
extensively investigated in recent years is the neu-
roimmune interaction in chronic pancreatitis (i.e., the
alteration of nerves and the infiltration of inflamma-
tory cells). In one of the first studies on nerve alter-
ations in chronic pancreatitis by Bockman et al.,’ it
was noted that chronic pancreatitis tissues exhibit an

increase in both the number and the diameter of
pancreatic nerve fibers. In addition, it was observed
that inflammatory cells often surround these pancre-
atic nerves, exhibiting a damaged perineurium and
invasion by inflammatory cells. It has also been
observed that these enlarged nerve fibers exhibit
an intensification of immunostaining for calcitonin
gene-related peptide and substance P, which are re-
garded as pain transmitters.” These findings together
indicate that changes in pancreatic nerves themselves
might be responsible for the pain syndrome in chronic
pancreatitis. In addition to the changes in nerves,
there is growing evidence that inflammatory cells in-
filtrating the pancreas actively participate in the dis-
ease process of chronic pancreatitis. For example,
Hunger et al.® have recently demonstrated that per-
forin, a marker for activated cytotoxic cells, is signifi-
cantly elevated in the pancreas of patients with
alcoholic chronic pancreatitis. Because activated cyto-
toxic cells are preferentially located in the vicinity of
residual intact parenchyma, the cells might be directly
involved in pain generation in chronic pancreatitis.
In addition, inflammatory cells also seem to be in-
volved in neural changes in chronic pancreatitis, be-
cause infiltration of pancreatic nerves by immune cells
and destruction of the perineurium have been cor-
related with pain intensity in patients with chronic
pancreatitis.

The recruitment of inflammatory cells into the
inflamed pancreatic tissue depends on the production
of chemotactic factors. The pancreatic parenchyma
is actively involved in the induction of inflammation
in chronic pancreatitis through the production of dif-
ferent kinds of chemokines. For example, interleukin-
8, ENA 78, and MCP 1 have been localized at high
levels in certain tissue compartments in chronic pan-
creatitis.'” In addition, increased levels of RANTES,
Mip-1 alpha, and their receptor CCR 5 (which is
mainly expressed on infiltrating macrophages) have
been observed in chronic pancreatitis.'! Other factors
have also been identified, which have the potential
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to participate in the abnormal neural milieu and
therefore indirectly in pain generation in chronic
pancreatitis. For example, nerve growth factor and
its receptor TrkA are expressed at increased levels in
chronic pancreatitis. Nerve growth factor was ob-
served in tubular complexes and in dedifferentiating
acinar cells in chronic pancreatitis, whereas TrkA was
mainly present in the perineurium in chronic pan-
creatitis.!? Interestingly, there appears to be a strong
correlation between nerve growth factor levels and
pancreatic fibrosis and acinar cell damage, as well
as between TrkA levels and pain intensity.'? It has
therefore been suggested that the NGF/TrkA path-
way might influence neural morphologic changes in
the pain syndrome of chronic pancreatitis.

DNA TECHNOLOGY

Despite this progress in the research of chronic
pancreatitis, much of the pathophysiology and the
underlying mechanisms remain to be fully elucidated.
With the almost complete sequencing of the human
genome'? in 2001 and the development of novel tech-
nologies such as DNA array technology, it is now
possible to analyze large numbers of genes simultane-
ously and to identify disease-specific genes. The first
study employing DNA array technology in chronic
pancreatitis was conducted by Friess et al.'* in 2001.
Screening 5600 human genes, six chronic pancreati-
tis-specific genes were identified that showed a sig-
nificantly increased expression in chronic pancreatitis
compared to the normal pancreas and to pancreatic
cancer. These six genes included the cartilage oligo-
meric matrix protein (COMP), the cysteine-rich se-
cretory protein-3 (CRISP3), and tryptase.'*

Tryptase is a serine protease stored in mast cells,
which is known to induce the synthesis of type 1
collagen by human fibroblasts, and to stimulate fi-
broblast proliferation and chemotaxis. Mast cells are
well-known effector cells of immediate-type allergic
reactions. A cross-linking of IgE receptor-bound IgE
on mast cell membranes by specific allergens leads
to the release of preformed mediators and to the
synthesis of new mediators. Through these and other
mechanisms, mast cells exert their role in allergic
reactions as well as in acute and chronic inflammatory
settings. In human chronic pancreatitis, there is a
significant increase in the total number of mast cells
compared to the normal pancreas.”” Interestingly,
there is also a correlation between the number of
mast cells and the extent of fibrosis and intensity
of inflammation.”” Furthermore, IgE-dependent
mast cell activation is higher in chronic pancreatitis
than in the normal pancreas; however, there is no

Journal of
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difference in the number of mast cells or in IgE-
positive mast cells between chronic pancreatitis of
different etiologies. In chronic pancreatitis, mast cells
are mostly located in the fibrous tissue and around
regenerating ducts, which are positive for the c-kit
receptor, the receptor for the mast cell growth factor
stem cell factor." It is thought that mast cells are a
relevant component of the inflammatory infiltrate in
chronic pancreatitis, which might play a role in tissue
destruction and remodeling.

Cysteine-rich secretory protein 3 (CRISP3) is a
member of the cysteine-rich secretory protein family
that has been detected in several human tissues, with
predominance in the salivary gland, pancreas, and
the prostate. In addition, CRISP3 is considered a
defense-associated molecule in mammals. In chronic
pancreatitis there is increased expression of this mole-
cule, which is mainly localized in the cytoplasm of
the dedifferentiating acinar cells and in tubular com-
plexes.'® Interestingly, CRISP3 expression was weak
to absent in pancreatic cancer cells, as well as in
normal acini and ductal cells distant from the pan-
creatic cancer, and in the normal pancreas.'® The
predominant localization of CRISP3 in acinar cells
dedifferentiating into tubular complexes, as well as
in these tubular structures itself, suggests that this
molecule has some role in the pathophysiology of
chronic pancreatitis.

A third gene that is selectively upregulated in
chronic pancreatitis is COMP. COMP is a member
of the thrombospondin family of extracellular matrix
proteins. In human chronic pancreatitis, COMP
expression was evident in the cytoplasm of the degen-
erating acinar cells but not in tubular complexes or
in normal acini or ductal cells.'” In addition, COMP
is also present in the fibrotic tissue in chronic pancre-
atitis. The preferential expression of COMP in dedif-
ferentiating acinar cells in chronic pancreatitis
suggests a potential role for this gene in the cause
of acinar cell degeneration and dedifferentiation.!’”
COMP might thus serve as a marker for tissue de-
struction and disease activity in chronic pancreatitis.

CONCLUSION

The pathogenesis of chronic pancreatitis is still not
completely understood. However, recent advances in
cellular and molecular biology have revealed complex
interactions between inflammatory cells and pancre-
atic parenchyma cells, as well as alterations in nerves.
Furthermore, as a result of novel technologies, it
has become possible to identify key genes in the
disease process of chronic pancreatitis. Tryptase,’
CRISP3,!6 and COMP!7 are three of the candidate
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genes that may serve as disease markers and therapeu-
tic targets in the future. Further molecular and cell
biology studies will increase our knowledge of the
pathogenesis and pathophysiology of this disease,
hopefully resulting in better diagnostic and therapeu-
tic modalities in the future.
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Is Extended Resection for Adenocarcinoma of the
Body or Tail of the Pancreas Justified?

Margo Shoup, M.D., Kevin C. Conlon, M.D., M.B.A., David Klimstra, M.D.,
Murray F. Brennan, M.D.

Patients with body or tail tumors of the pancreas often have contiguous organ involvement or portal-
splenic confluence adherence requiring extensive resection in order to obtain grossly negative margins.
The aim of this study was to determine whether long-term survival is possible after contiguous organ
or portal vein resection in patients with adenocarcinoma of the body or tail of the pancreas. Between 1983
and 2000, a total of 513 patients with adenocarcinoma of the body or tail of the pancreas were identified
from a prospective database. Distal pancreatectomy with or without splenectomy was performed in 57
patients (11%). Extended resection was necessary in 22 patients 39%): 14 (64%) for contiguous organ
involvement and eight (36%) for portal vein resection Estimated blood loss, blood transfused, and length
of hospital stay were significantly greater in patients requiring extended resection compared to standard
resection (P = 0.02, P = 0.01, and P = 0.02, respectively). Median follow-up for patients still alive was
84 months (range 40 to 189 months). Median survival following resection was 15.9 months compared
to 5.8 months in patients who were not resected (P < 0.0001). Actual 5- and 10-year survival rates were
22% and 18%, respectively, following extended resection, 8% and 8% following standard resection, and
0% and 0% if no resection was attempted because of locally unresectable disease. Patients undergoing
extended resection for adenocarcinoma of the pancreatic body or tail have long-term survival rates similar
to those for patients undergoing standard resection; they also have markedly improved long-term survival
compared to those who are not considered resectable because of locally advanced disease. Extended
distal pancreatectomy is justified in this group of patients. (J GASTROINTEST SURG 2003;7:946-952)
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Adenocarcinoma of the body and tail of the pan-
creas has historically been considered a disease with
a dismal prognosis. In the past decade, few patients
have been reported to survive long term.!” Because
of the late appearance of symptoms, most patients
with adenocarcinoma of the pancreatic body and tail
present with advanced disease, including metastasis,
precluding surgical treatment.’”

The only viable chance for cure of this aggressive
cancer is surgical resection.® However, pancreatic
body and tail tumors often infiltrate surrounding re-
gional blood vessels and adjacent organs. Efforts to

increase resectability with en bloc resections of the
pancreas including the superior mesenteric vein
(SMV) and portal vein (PV) confluence have been at-
tempted with no compromise in oncologic outcome
for adenocarcinoma of the pancreatic head.”” Data
regarding outcome after extended resection for distal
adenocarcinoma, including the SMV/PV junction and
surrounding organs, remain scarce. The purpose of
the study was to review our experience with adenocar-
cinoma of the body and tail of the pancreas, and
to determine whether long-term survival is possible
following contiguous organ or portal vein resection.
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METHODS

Between 1983 and 2000, a total of 513 consecutive
patients with adenocarcinoma of the body or tail of
the pancreas were admitted to our institution and
were identified from a prospective database main-
tained by the Department of Surgery at Memorial
Sloan-Kettering Cancer Center. Following routine
imaging, patients were considered unresectable either
because of metastatic disease (M1) or locally advanced
disease (T4). Surgical exploration was performed in
select patients at the surgeon’s discretion either by
laparoscopy or open laparotomy to confirm the ex-
tent of the disease. Distal pancreatectomy with or
without splenectomy was performed in all resected
patients.

Patients who underwent distal pancreatectomy
with portal vein resection and/or contiguous organ
resection including gastrectomy, adrenalectomy, or
colectomy were considered to have extended resec-
tion. Those undergoing only pancreatectomy with or
without splenectomy were considered to have stan-
dard resection. The extent of portal vein invasion was
not consistently noted, but the degree of portal vein
resection performed was what was thought necessary
by the surgeon to obtain negative margins. Patients
undergoing other surgical procedures not related to
the pancreatic resection, such as cholecystectomy or
herniorraphy, were analyzed with the standard resec-
tion group. Clinical, operative, and pathologic details
were noted in all patients. Inpatient and outpatient
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records were thoroughly reviewed to confirm clinical
course. Anesthesia records were reviewed to verify
operative time, blood loss, and amount of blood trans-
fused. Pathologic findings were reconfirmed in all 5-
year survivors.

For the majority of patients, death was due to
pancreatic cancer. Disease-specific survival was calcu-
lated from the time of operation to the time of death
from disease. Death rate was estimated by means of
the Kaplan-Meier method. Follow-up of patients is
through September 2002. Actual 5- and 10-year sur-
vival were calculated from patients undergoing
surgery prior to September 1997 (N = 42) and 1992
(N = 23), respectively. Univariate associations of
prognostic factors were analyzed using the log-rank
test. Multivariate analysis was based on the Cox re-
gression model. Only factors identified to be signifi-
cant in the univariate analysis were evaluated in the
multivariate analysis. The Mann-Whitney test was
applied to compare continuous data (e.g., hospital
stay, blood loss, tumor size, duration of operation)
between extended resection and standard resection
groups.

RESULTS

Of the 513 patients admitted to our hospital with
a diagnosis of adenocarcinoma of the body or tail
of the pancreas, 57 (11%) underwent resection with
curative intent. Fig. 1 outlines the course of selection

Admitted to hospita!
Body or Tail
Pancreatic adenocarcinoma

N=513

OR

N=350 (67%)

No OR
N=163 (33%)

]

Not Resected
N=116 (82%)

Laparoscopy
N=141 (40%)

Not Resected
N=177 (85%)

Open
N=209(60%)

M1 Disease
N=79 (68%)

T4 Disease
N=37 (32%)

Resected

N=57 (16%)

M1 Disease
N=78 (44%)

T4 Disease
N=99 (56%)

Extended Resection
N=22 (39%)

Standard Resection
N=35 (61%)

Fig. 1. Selection for surgical exploration and resection among patients with adenocarcinoma of the

pancreatic body or tail.



948  Shoup et al.

for surgical exploration and resection among the
entire group. Of the 350 patients (67 %) who under-
went surgical exploration, 57 (16%) were resected.
Extended resection was performed in 22 patients
(39%), and standard resection in 35 (61%). Extended
resection included portal vein resection in eight pa-
tients and contiguous organ resection in 14. Patients
who underwent surgical exploration without resec-
tion had either laparoscopy (N = 116, 40%) or open
laparotomy (N = 177, 60%).

Among the 57 patients who underwent distal pan-
createctomy, 30 (53%) were female and 27 (47%)
were male with a median age of 66 years (range 38
to 81 years). Median follow-up was 15 months for the
entire resected group and 84 months for those still
alive (N = 6) at last contact (range 40 to 189 months).
Median disease-specific survival for the entire group
after resection was 15.9 months (range 1 to 189
months), and for the 456 patients not undergoing
resection median disease-specific survival was 5.8
months (P < 0.0001). Predictors of survival following
resection are shown in Table 1. Lymph node—positive
and poorly differentiated tumors were associated with
poorer survival. Fig. 2 demonstrates that there was no
difference in actuarial disease-specific survival when

Table 1. Prognostic indicators for survival
following distal pancreatectomy for adenocarcinoma

Median DSS MV
DSS (P P
N (mg) value) value) RR CI

Lymph nodes
Positive 28 11 0.05 0.02
Negative 29 16

0.50 0.3-0.9

Size
<2 cm 6 59 0.07
>2 cm 51 15
Differen-
tiation
Poor 21 6 0.003 0.008 0.42 0.23-0.80
Moderate 36 23
well
Margins

Positive 16 10 0.63
Negative 41 17

Splenectomy
Yes 51 15 0.29
No 6 12
Extended
resection
Yes 22 9 0.80
No 35 16

CI=95% confidence interval; DSS = disease-specific survival;
MV = multivariate analysis; RR = relative risk.

Journal of
Gastrointestinal Surgery

----- Extended Resection
___ Standard Resection

Disease-Specific Survival

i TR

0 50 100 150 200
Months

Fig. 2. Actuarial disease-specific survival following resection
for distal pancreatic adenocarcinoma.

extended resection and standard resection were com-
pared (P = 0.8). After extended resection, positive
lymph nodes and poorly differentiated tumors were
found in 10 (45%) and 9 (41%) patients, compared
to 18 (51%) and 13 (37%) patients after standard re-
section (P = 0.79 and 0.78, respectively).

Perioperative variables comparing extended resec-
tion to standard resection are shown in Table 2.
There were no postoperative deaths in either group.
Tumor size was not significantly different between
groups. Length of hospital stay, estimated blood loss,
and amount of blood transfused were all increased
after extended resection. The duration of the opera-
tion tended to be longer after extended resection, as
did the incidence of reoperation, but neither
reached significance.

Patients who underwent surgical exploration with-
out resection (N = 293) had a median survival of 4.7
months. Those undergoing laparoscopic exploration
(N = 116) had a median survival of 7.2 months, and
those underoing open surgical exploration (N = 177)
had a median survival of 4.3 months (P = 0.04).
Among all of the patients undergoing exploration
but not resection, 157 (54%) were found to have
histologically proved M1 disease to either the perito-
neum or liver, and they had a median survival of 4.0
months. The 136 patients (46%) who were surgically
explored and thought to have locally advanced, unre-
sectable disease ('T'4), but no metastatic disease, had a
median survival of 7.8 months (P = 0.0004 compared
to M1 disease).

Actual 5- and 10-year disease-specific survival was
22% and 18%, respectively, after extended resection,
8% and 8% after standard resection, and 0% and 0%
if no resection was attempted because of surgically
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Table 2. Perioperative variables following distal pancreatectomy for adenocarcinoma

Extended resection (N = 22) Standard resection (N = 35) Univariate P value Multivariate P value

Characteristic
Tumor size (cm)* 5.0 (1.6-10)
Length of stay (days)* 14 (7-88)

270 (125-625)
1500 (300-4700)
500 (0-1750)

2 (9%)

Length of surgery (min)*
Estimated blood loss (ml)*
Blood transfused (ml)*
Reoperation

4.5 (1-13) 037
9 (5-51) 0.004 0.02

205 (1.5-460) 0.06
600 (200-5500) 0.002 0.02
0 (0-2250) 0.004 0.01

(0%) 0.08

*Expressed as median (range).

documented T4 disease. There were six 5-year survi-
vors, three of whom were 10-year survivors (5.3%).
Of the 5-year survivors, four had extended resection
(two each had portal vein resection and other
organ resection) and two had standard resection.
Among the 10-year survivors, one had standard resec-
tion and two had extended resection. One of the 10-
year survivors, who was still alive at 11 years, had a
tumor less than 2 cm with 12 positive lymph nodes,
and the other two had tumors larger than 2 cm in
size but negative lymph nodes.

DISCUSSION

Most patients with adenocarcinoma of the body
or tail of the pancreas have metastatic disease.’~ Up
to 32% of patients with potentially resectable pancre-
atic cancer have involvement of surrounding organs
or major vessels.”!? Extended resection has been
shown to result in similar survival rates as standard
resection for patients with tumors of the pancreatic
head,”” but the role of extended resection has not
been clearly defined for adenocarcinoma of the pan-
creatic body and tail.

In the current series 11% of patients admitted to
our institution with adenocarcinoma of the body or
tail of the pancreas were resected, and this is similar to
earlier reports from our group' as well as others.>*!!
This is a dismal resectability rate, but it is probably
elevated because it excludes those patients who were
clearly not resectable and therefore not admitted.
Approximately 85% of the patients who had explor-
atory procedures, either with laparoscopy or with
open surgery, were found to have unresectable dis-
ease. Those who were not resected but explored with
laparoscopy had a longer median survival than those
who had open exploratory surgery. The longer sur-
vival is likely a result of a less invasive surgery and
shorter recovery rather than the extent of disease.

Among those who underwent resection, only
nodal status and histologic differentiation had a sig-
nificant impact on survival. Earlier reports from our

institution did not identify node-positive tumors as
predictors of poorer outcome."!? Although the im-
provement was of minor biological significance, with
more patients, longer follow-up, and rereviewed
pathologic findings to confirm adenocarcinoma, our
current data confirm that lymph node status is sig-
nificant and is similar to thatin other reports of cancer
of the pancreatic head.'*!*

Reports of 5- and 10-year survivors following re-
section for distal pancreatic adenocarcinoma are
rare./” In our series, with a median follow-up of
80 months for patients still alive, we had six 5-year
survivors, three of whom were also 10-year survivors.
These data demonstrate that long-term survival is
possible; however, in our series half of the patients
who survived 5 years died of disease within the next
5 years. Therefore it is inappropriate to associate 5-
year survival with cure.

Of the 57 patients who underwent distal pancreate-
ctomy, 39% required extended resection. Patients un-
dergoing extended resection had a higher estimated
blood loss, required more blood transfusions, and
had a longer hospital stay. However, there were no
perioperative deaths, and disease-specific survival
rates did not differ in comparison to the standard
resection group. The median disease-specific survival
was 9 months for extended resection and 16 months
for standard resection, and the Kaplan-Meier survival
curves overlap at 5 and 10 years. The survival data
are not significantly different, but these data under-
score the fact that long-term survival in patients with
distal pancreatic adenocarcinoma most likely reflects
the biology of the tumor rather than the surgical
procedure. Regardless, with no long-term survivors
among nonresected patients, we believe that if ex-
tended surgery is necessary to achieve complete gross
resection, it should be performed.

Our experience with survival and extended resec-
tion is similar to findings in earlier studies. A recent
report by Sasson et al.!” noted that extended resection
for pancreatic adenocarcinoma was associated with
longer operative time but no difference in blood loss,
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hospital stay, or overall survival. The difference is that
their series of 116 patients included 101 pancreatic
head tumors and 15 body and tail tumors. Harrison
et al.” found that extended resection, including portal
vein resection, for tumors of the head of the pancreas
was associated with similar survival rates as stan-
dard resection.

Our study is similar to other reports™"° of multior-
gan resection for abdominal malignancies. Martin et
al.l” found that aggressive resection of gastric cancer,
including removal of up to three other organs, was
associated with increased morbidity but acceptable 5-
year survival. Studies suggest that for gastric cancer
the strongest predictors for long-term survival are
tumor characteristics rather than extent of resec-
tion.">!% Our data support similar conclusions for
distal pancreatic adenocarcinoma.

We have demonstrated that 5- and 10-year survival
is possible after distal pancreatectomy for adenocarci-
noma of the body or tail of the pancreas. In this series
the strongest predictors of long-term survival were
lymph node status and tumor differentiation. Ex-
tended resection requiring SMV/PV or contiguous
organ resection is associated with increased blood
requirements and length of hospital stay but long-
term survival rates similar to those for standard resec-
tion. At the time of surgery, if extended resection is
thought to be necessary to achieve complete resection
of the tumor, this aggressive approach is justified
in patients with distal pancreatic adenocarcinoma.

15,16
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Discussion

Dr. H. Reber (Los Angeles, CA): In my practice,
for patients with carcinoma of the body or tail of the
pancreas, we too would go ahead and do a resection
even if the tumor appeared to be locally invading the
stomach or colon, as you have suggested. But with
some frequency we find, after the specimen has been
resected and the pathologists have examined it, that what
we thought was tumor invasion was just inflammatory
adherence. I wonder if you could tell us a little bit
about whether each of the patients in whom you did an

extended resection really did have cancer invading these
associated organs?

Dr. Shoup: Unfortunately it was difficult to go back
20 years and look at some of our earlier patients to see
whether that was really the case. In a paper presented
yesterday on that same topic, it was noted that frequently
patients undergo extended resections that we think
might have been unnecessary. But the bottom line is
that it was at the surgeon’s discretion at the time of
surgery that the only way to be assured of achieving a
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complete gross resection was to perform an extensive
resection.

Dr. C. Fernandez-del Castillo (Boston, MA): 1
wonder if you could tell us about the adjuvant treatment
for these patients. Surely many of them must have re-
ceived radiation or chemotherapy. Did this have any
effect on their survival?

Dr. Shoup: That is an excellent question. We have
very thorough follow-up, in terms of outcome, but no
good details on the type or extent of radiation/che-
motherapy. Patients who do not have follow-up treat-
ment are reviewed constantly until they are dead of
disease; because that happens soon, and for most, there
is excellent follow-up until death.

As you know, many patients come to Memorial
Sloan-Kettering Cancer Center to undergo surgery, and
then they go elsewhere or back home, which could be
miles and miles away. We do not necessarily hear back
from them until we get a letter saying that they have
died of their disease. So we do notreally have good details
on chemoradiation therapy and because of that we did
not do an analysis of that.

Dr. D. Rattner (Boston, MA): I was going to follow
up on the same theme. It seems odd that according to
your data a positive margin did not affect length of
survival. Really this study was not done on an intent-
to-treat basis; there was no randomization to either
extend the resection or not extend it. It was sort of what
you found at surgery, I presume, as to what was removed.
Given the retrospective nature of the study and the fact
that the groups being compared may not have been
equivalent, I wonder if you would comment on whether
you still can claim that extended resection fails to im-
prove survival?

Dr. Shoup: We think that extended resection can be
associated with improved survival because two of our
three long-term survivors had undergone extended re-
section; if the surgeon thought that carrying out the op-
eration to that extent was not worth it, then I am sure the
patient would not be alive for long, because we have no
long-term survivors among the patients who did not
undergo resection at all.

Dr. S. Pedrazzoli (Padova, Italy): Congratulations
for this large experience. In the past, left pancreatic
cancer was considered unresectable. But now, in our
experience, we also have long-term survivors. I have two
questions for you.

First, how many of the extended operations were
amenable to a standard operation? I believe you per-
formed an extended operation when a standard opera-
tion was not possible, so that you resected the portal vein
and so forth. The two groups are not at all comparable.

Second, did you perform the Appleby operation on
these patients?

Dr. Shoup: To answer your second question first, we
did not perform any arterial resections in these patients.
The only vessel resections we did were the portal vein
resections when we thought this was necessary.

As to the first question, it is difficult to say whether
the extended resection was really necessary, and if we
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could have performed just a standard resection. It is
really left to the surgeon’s discretion at the time of the
surgery. All we are trying to say, based on the data
we presented here, is that if you think you need to do
an extended resection in order to remove this tumor,
then go ahead and do it because you really may be
helping the patient.

Dr. R. Prinz (Chicago, IL): This is a very nice review,
but it encompasses a substantial number of years. Cer-
tainly our ability to assess unresectability preoperatively
and our attitudes about resection have changed quite
dramatically over that period of time. I wonder if you
were able to glean from your data whether some of
the patients who were considered unresectable during
the study would now be resectable with an extended
resection?

Also, I am interested in the role of laparoscopy and
how it has affected your approach to these patients.
It seems, and maybe this is a presumption on my part,
that you are now using laparoscopy in these patients
before they undergo exploratory operations. That is our
approach. Has that made you more likely to do an ex-
tended resection or less likely to do so?

Dr. Shoup: 1f you look at the earlier patients com-
pared to the ones now, the only thing I can say is that
the majority of the surgeons were the same, and it is
hard for me to tell you exactly whether our selection
criteria have changed over that time. I can certainly go
back and look at that, though, and analyze two different
time periods and see if it looks like there has been a
difference.

As far as laparoscopy is concerned, this database goes
back to 1983. We did not really start doing laparoscopy
until 1993. So none of the earlier patients had laparos-
copy, and that is why there were so many patients who
had open surgery in the schema.

Of the ones who have been operated on since 1993,
75% to 80% underwent laparoscopy, and some were at
the surgeon’s discretion, but it is hard for me to really
glean exactly from the notes why some had this proce-
dure and some did not. Certainly the standard approach
at Memorial Sloan-Kettering is to examine all patients
who have pancreatic cancer laparoscopically, especially
those with cancer of the body and tail. I doubt whether the
laparoscopy itself affected our willingness to perform
an extended resection, but it did, as you know, prevent an
unnecessary open operation in a number of patients.

Dr. A. Warshaw (Boston, MA): This comment is
precipitated by the observation that positive margins do
not seem to make a difference in the outcome after
resection of pancreatic cancer in the body or tail. It is
becoming clear that pancreatic cancer has a spectrum
of behaviors depending on which biological factors af-
fecting cell growth and survival are operating in a given
tumor. How many times has a patient asked you,
“Doctor, how long have I had this tumor,” and you
cannot answer knowledgeably. Although we think of
pancreatic cancer as fast growing and fulminant, some
cancers may be relatively slow growing and already pres-
ent for years longer than we suspect.
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That may explain why it may be more than 5 years
or even 10 years before there is sufficient new growth
for the cancer to reappear, whereas others may recur
lethally within months. The implication is that the out-
come after resection may be more beholden to the biol-
ogy of a given cancer than to what the surgeon does or
whether adjuvant treatments are used.

Journal of
Gastrointestinal Surgery

Dr. Shoup: 1 definitely agree. Even in those studies
that show a difference in margin status, this difference
is a few percentage points at best. With our numbers
and the poor prognosis overall, this difference is not
detected. We still know little about the biology of the
disease from this retrospective study.

Invited Discussion—Expert Commentator

Sean J. Mulvibill, M.D. (Salt Lake City, UT): In this
paper Shoup and colleagues, from Memorial Sloan-
Kettering Cancer Center, address surgical treatment of
patients with adenocarcinoma of the body and tail of the
pancreas, a group with very poor outcome in historical
series. The authors subjected 350 such patients over
an 18-year period to open or laparoscopic exploratory
operations, but resection was possible in only 57.
Today, improved preoperative imaging has reduced this
proportion of nontherapeutic procedures. Among these
57 resected patients, extended resection including portal
vein resection, adrenalectomy, gastrectomy, or colec-
tomy was performed in approximately one third with
two thirds undergoing standard distal pancreatectomy
and splenectomy. The patients undergoing extended

resection had higher blood loss, transfusion rates, and
length of hospital stay, but there were no operative
deaths. Extended resection appears warranted because
survival was equal to or better than when standard resec-
tion sufficed (19% vs. 9% at 5 years). Interestingly, one
of the 10-year survivors had 12 positive lymph nodes.
One wonders about this patient’s tumor metabolic activ-
ity. Could this good outcome with a very advanced
tumor be predicted by preoperative position emission
tomography? This is clearly a very difficult group of
patients, but as with the Whipple resection for cancers
of the pancreatic head, it appears that previous nihilism
is misplaced and we should consider resection in fit
patients, even in the face of adjacent organ or vascu-
lar involvement.
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The prediction of survival of patients with pancreatic cancer is usually based on tumor staging and
grading and on the level of tumor markers. However, accurate tumor staging can be obtained only after
resection, and still there is a great difference in survival rates among patients with the same
clinicopathologic parameters. Recently the uptake of 18-fluorodeoxyglucose (FDG) by positron emission
tomography (PET) has been found to be correlated with survival in patients with pancreatic cancer. This
study evaluated the role of "®FDG PET as a prognostic factor for patients with pancreatic cancer. From
June 1996 to July 2002, a total of 118 patients underwent PET for pancreatic cancer. The standardized
uptake value (SUV) of ®FDG was calculated in 60 of them, and these patients were divided into high
(>4) and low (=4) SUV groups. They were also evaluated according to the tumor node metastasis (T NM)
classification system of the International Union Against Cancer, and by tumor grade, medical or surgical
treatment, diabetes, age, sex, and CA 19-9 serum levels. T'wenty-nine cancers showed high and 31 showed
low SUVs. Survival was significantly influenced by tumor stage (P = 0.0001), tumor grade (P = 0.01),
and SUV (P = 0.005). Multivariate analysis showed thatonly stage (P = 0.001) and SUV (P = 0.0002) were
independent predictors of survival. When patients who were analyzed for SUV were stratified according
to the other variables, FDG uptake was related to survival also after stratification for the following: stage
I to IVa (P = 0.002), stage IVb (P = 0.01), tumor resection (P = 0.006), moderately differentiated
tumors (P = 0.01), age less than 65 years (P = 0.006), CA 19-9 levels greater than 300 kU/L (P = 0.002),
and absence of diabetes (P = 0.0001). The SUV calculated with "®FDG PET is an important prognostic
factor for patients with pancreatic cancer and may be useful in selecting patients for therapeutic
management. (J GASTROINTEST SurG 2003;7:953-960) © 2003 The Society for Surgery of the
Alimentary Tract
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With an age-standardized incidence and a mortal-
ity rate of 11.4 and 11.3 per 100,000 for males and
7.0 and 7.4 per 100,000 for females, respectively,
pancreatic cancer accounts for 4.1% of cancer deaths
in men and 4.8% in women in Europe.! The correla-
tion between incidence and mortality underscores the
grim prognosis for patients with pancreatic cancer.
However, some of these patients have a comparatively
good prognosis. To predict length of survival for
patients with pancreatic cancer, many clinicopatho-

logic factors have been well studied, especially
tumor stage and grade,** R0 resection,” postoperative
normalization of tumor markers,’ and demonstration
of disseminated tumor cells.® However, there are
conflicting results, and differing survival rates among
patients within the same stage grouping are not
infrequent.’

18-Fluorodeoxyglucose (FDG) positron emission
tomography (PET) is a relatively recent, noninvasive
imaging technique that is based on the principle of
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specific tissue metabolism because of selective 'SFDG
uptake and retention by malignant cells.*” PET has
been proposed for diagnosing and staging different
malignancies including pancreatic carcinoma.!®!!
Furthermore, there is evidence that FDG uptake in
mali%nant tumors is related to tumor aggressive-
ness.'? A correlation between FDG uptake and sur-
vival in patients with gliomas was reported by
Patronas et al.!* in 1985. More recently some investi-
gators”!*1% have reported their findings regarding
prognostic information obtained with FDG PET in
patients with pancreatic cancer.

The aim of the present study was to determine in
a large series of patients whether glucose metabolism
as assessed by means of '®FDG PET provides prog-
nostic information independent of established prog-
nostic factors in patients with pancreatic cancer.

MATERIAL AND METHODS

From June 1996 to July 2002, 60 of 118 patients
who had a PET scan as part of a preoperative workup
for pancreatic cancer underwent additional abdomi-
nal PET with semiquantitative analysis of the uptake.
This subset of 60 patients with pancreatic cancer who
had a semiquantitative analysis of the uptake of the
tracer was enrolled in a retrospective study. Informed
consent was obtained from each patient.

The mean age of these patients was 66.3 years
(range 48 to 82 years), and the male:female ratio
was 34:26. In all patients the presence of pancreatic
ductal adenocarcinoma was histologically proved with
specimens obtained by surgery or percutaneous fine-
needle biopsy. Pathologic diagnosis and classification
of the tumors were made according to the Inter-
national Union Against Cancer (UICC) staging
system.!” The clinical and pathologic records of each
patient were reviewed, and the following features
were analyzed: age, sex, diabetes, type of treatment
(resection surgery, palliative surgery, or medical
treatment), preoperative CA 19-9 serum levels (RIA;
Centocor Inc., Malvern, PA, serum reference <37
kU/L), tumor stage, and grade.

BEDG PET images were obtained using a dedi-
cated tomograph (Siemens, ECAT EXACT 47) with
a field of view of 16.2 cm. After an overnight fast,
444 MBq (12 mCi) of "®FDG was injected intrave-
nously into each patient. To avoid interference due to
hyperglycemia, blood glucose levels were checked just
before the procedure and lowered to less than 120
mg/dl with insulin administration whenever neces-
sary. Two transmission scans of the abdomen, 15
minutes each, were obtained by 68 Ge/68 Ga rod
sources before the administration of FDG to obtain
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cross sections for attenuation correction of the emis-
sion images. Then two emission scans, 15 minutes
each, were acquired starting 60 minutes after the ad-
ministration of FDG. The reconstruction was per-
formed ina 128 x 128 matrix with a Hanning filter 0.3
cutoff. Transaxial, coronal, and sagittal sections were
obtained for visual analysis. To perform a quantita-
tive analysis, the standardized uptake value (SUV)
was calculated in the suspected neoplastic foci
(SUV = tissue tracer concentration/injected dose/
body weight). For the SUV analysis, a circular region
of interest was placed over the area of maximal focal
FDG uptake suspected to be a tumorous focus, and
the mean radioactivity values were obtained.

For univariate analysis the patients were divided
into two groups, with the median SUV as the cutoff
value. Differences in patient characteristics between
groups were tested for significance using the
Mann-Whitney U test, chi-square test, or Fisher’s
exact test. In addition, the effect on survival of the
variables age, sex, tumor stage and grade, type of
treatment, diabetes, and CA 19-9 levels was investi-
gated using univariate and multivariate analysis. The
survival data were estimated by the Kaplan-Meier
method and examined by the log-rank test. Multivari-
ate analysis of survival was performed using the Cox
proportional hazards model. Significance was consid-
ered as P < 0.05.

RESULTS

Twenty-seven patients had distant metastases
(stage IVD), 14 had lymph node metastases (stage I11),
17 had a locally advanced tumor (stage IVa), and only
two patients had a stage I tumor (Table 1). Fourteen
tumors were found to be well differentiated, 24 were
moderately differentiated, and 22 were poorly differ-
entiated. Nine patients underwent pancreatico-
duodenectomy, one total pancreatectomy, six distal
pancreatectomy, and 22 biliary and/or digestive bypass;
22 patients had only medical treatment.

The median SUV for the 60 patients was 4.0 with
values ranging from 2.1 to 13.0 (31 patients had SUVs
<4.0 and 29 had SUVs >4.0). The two groups did
not differ statistically with regard to sex, age, number
of patients with diabetes, tumor stage, Ca 19-9 serum
levels, and type of treatment or tumor grade (see
Table 1). The median CA 19-9 level for the 60 pa-
tients was 300 kU/L, ranging from 3.0 to 27,000 kU/
L. Follow-up was available for all patients and ranged
from 1 to 35 months.

The overall median survival was 221 days. The
median survival for patients with SUVs <4.0 was
265 days vs. 178 days for patients with SUVs >4.0
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Table 1. Standardized uptake value and
clinicopathologic factors

Low SUV (<4.0)  High SUV (>4.0)
SUV (mean * SD) 3.18 = 0.53 5.82 =2.04
Median 265 178
survival (days)
Age (yr) 66.71 = 10.55 65.07 = 10.24
(mean = SD)
Sex
Male 15 16
Female 16 13
UICC
1 1 1
11 0 0
1T 7 7
IVa 10 7
Vb 13 14
Grading
Well 9 5
Moderate 12 12
Poor 10 12
Site
Head 16 16
Body-tail 15 13

CA 19-9 (kU/L)
(means = SD)

2767.47 = 6831.50 3461.46 = 7439.52

Diabetes
No 21 19
Yes 10 10
Treatment
Resective 8 8
Palliative 11 11
Medical 12 10

SD = standard deviation; SUV = standardized uptake value;
UICC = International Union Against Cancer.

(P = 0.005) (Fig. 1). Ten (32%) of 31 patients with
low SUVs survived longer than 12 months, whereas
only 2 (7%) of 29 in the high SUV group did so
(P < 0.01). Univariate analysis showed that survival
was significantly influenced also by tumor stage
(P =10.0001) and tumor grade (P = 0.01). Type of
treatment, diabetes, age, sex, and preoperative CA
19-9 levels (= or >300 kU/L) did not significantly
influence survival. Detailed results are presented in
Table 2. A stepwise multivariate analysis showed that
tumor stage and SUV were independent predictors
of survival (Table 3). When the patients who were
analyzed for SUVs were stratified according to the
other variables, FDG uptake was related to survival
also after stratification for the following: stage III to
IVa (P = 0.002), stage IVb (P = 0.01), tumor resec-
tion (P = 0.006) (Table 4; Fig. 2), bypass operation
(P =0.04) (see Table 4), moderately differentiated
tumors (P = 0.01), age less than 65 years (P = 0.006),
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Fig. 1. Survival curves of patients with standardized uptake
values (SUV) >4 (29 patients; broken line) or <4 (31 patients;
unbroken line).

CA 19-9 levels greater than 300 kU/L (P = 0.002),
and absence of diabetes (P = 0.0001).

Analyzing the subset of 16 patients who underwent
pancreatic resection, the median survival of patients

Table 2. Univariate analysis of clinicopathologic
factors and survival

No. of Median
Variable patients survival = SE (days) P value
Treatment
Resective 16 284.00 = 22.00 0.11
Palliative 22 222.00 = 50.31
Medical 22 180.00 + 22.12
SUV
<4.0 31 265.00 = 28.38 0.005
>4.0 29 178.00 + 14.80
Stage
III and IVa 31 265.00 = 21.82 0.0001
IVb 27 162.00 += 37.00
Grade
Well 14 220.00 = 31.80 0.01
Moderate 24 232.00 = 13.47
Poor 22 139.00 *= 35.76
CA 19-9
<300 kU/L 31 261.00 = 30.59 0.36
>300 kU/L 29 224.00 = 15.93
Diabetes
No 40 222.00 = 19.26 0.55
Yes 20 217.00 = 15.65
Sex
M 31 207.00 %= 26.90 0.3932
F 29 249.00 = 26.01
Age
<65 yr 31 217.00 = 21.80 0.7745
>65 yr 29 222.00 = 22.42

SE = standard error; SUV = standardized uptake value.
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Table 3. Multivariate analysis using Cox regression
model

95% Confidence

Variable Hazard ratio interval P value
SUV 3.96 1.92-8.17 0.0002
Tumor stage 4.76 1.87-12.05 0.001
Age 1.94 0.96-3.90 0.06
Tumor grade 1.55 0.95-2.53 0.07
Treatment 1.43 0.89-2.29 0.13
Diabetes 0.63 0.32-1.22 0.17
CA 19-9 1.29 0.69-2.40 0.41
Sex 1.26 0.58-2.71 0.55

with low SUVs was 386 days vs. 224 days for pa-
tients with SUVs greater than 4 (see Table 4). None
of the patients with a high SUV survived for more than
12 months after surgery, whereas only two of eight
patients with a low SUV died within 12 months; two
subjects in this subgroup are still alive 10 and 17
months after operation, respectively. The two sub-
groups of resected patients, divided according to
SUVs, basically differ for more left-sided and poorly
differentiated cancers in the subgroup with high
SUVs and shorter survival; six of them received
chemo- or chemoradiotherapy after surgery, com-
pared to one patient in the low-SUV group who had
chemotherapy after operation (Table 5).

DISCUSSION

An accelerated rate of glucose transport and an
increased rate of glycolysis are among the most char-
acteristic biochemical markers of malignant trans-
formation. Overexpression of glucose transporter 1
(Glut-1)"®1? and glycolytic enzymes*’ has been shown
in human pancreatic adenocarcinomas. FDG is a glu-
cose analogue that is actively taken up by Glut-1 into
the cell and phosphorylated by hexokinase during
the first step of the glycolytic pathway. However,
unlike normal glucose, phosphorylated FDG cannot
continue glycolysis and becomes trapped within the

Table 4. Survival according to treatment and SUV
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cell. FDG accumulation correlates with the tumor
proliferation rate in patients with malignant head and
neck tumors”! and in vitro with the number of viable
tumor cells.”? FDG PET is therefore useful in distin-
guishing benign from malignant tumors in the diag-
nosis of tumor recurrence and in the evaluation of
tumors after neoadjuvant chemoradiation.!® A close
relationship between tumor aggressiveness and meta-
bolic activity was initially reported by Patronas et al.!?
for glioma, and more recently a correlation between
FDG uptake and prognosis was reported for a variety
of cancers.*” Nakata et al.!* introduced FDG PET
and SUV, a semiquantitative parameter of glucose
consumption, as new metabolic predictors of progno-
sis in patients with pancreatic carcinoma. In a small
series of 14 patients, they found that survival was sig-
nificantly shorter in the high-SUV group (>3.0) as
compared with the low-SUV group (<3.0) (P < 0.05).
These results were partiall;z confirmed by these same
investigators 4 years later.” In a series of 37 patients
with histologically proved pancreatic cancer, the SUV
was not able to predict survival in the subgroup of
patients with resectable tumors. However, in the sub-
group with unresectable tumors, patients with a low
SUV survived significantly longer than those with a
high SUV (P = 0.03). Moreover, multivariate analy-
sis showed that tumor SUV was an independent
prognostic indicator for patients with unresectable
tumors.

In the current study we analyzed FDG uptake in
a large cohort of patients (n = 60) with histologically
proved pancreatic cancer. Patients were divided into
high (=4)- and low (<4)-SUV groups. The two
groups did not differ statistically with regard to age,
sex, tumor stage and grade, CA 19-9 level, diabetes,
and treatment. Survival was significantly influenced
by SUV. The median survival time for patients with
low FDG uptake was 265 days compared to 178 days
for patients with high FDG uptake in the tumor
(P = 0.005) (Fig. 1). Among the clinicopathologic pa-
rameters tested, tumor stage and tumor grade were
significantly related to survival after univariate analy-
sis (P = 0.001 and P = 0.01, respectively). Multivari-
ate analysis showed that only SUV (P = 0.0002) and

Treatment Total number; Low SUV (=4.0)

High SUV (>4.0)

cases with low/high SUV Survival median = SE (days) Survival median + SE (days) P value
Resection (n = 16; 8/8) 386.00 = 114.55 224.00 = 60.81 0.006
Bypass (n = 22; 11/11) 244.00 = 59.45 121.00 = 54.56 0.043
Medical (n = 22; 12/10) 210.00 = 8.66 172.00 = 166.96 0.082

SE standard error.
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Fig. 2. Survival curves of resected patients with standardized
uptake values >4 (8 patients; broken line) or <4 (8 patients;
unbroken line).

tumor stage (P = 0.001) were independent predictors
of survival.

Interestingly, even when patients who were ana-
lyzed for SUV were stratified according to the other
variables considered, "*FDG uptake significantly in-
fluenced survival, independent of tumor stage, in the
following groups: patients who underwent resection

Table 5. Clinicopathologic features and SUV

in resected patients (n = 16)

Low SUV High SUV
(<4.0);n =8 (>4.0);n =8

Features Number of cases Number of cases
Operation

PD 3

TP 1 0

LP 1 5
Resection margins

Positive 2 3

Negative 6 5
Lymph nodes

Positive 6 6

Negative 2 2
Grading

Well 2 1

Moderate 3 2

Poor 3 5
Extended resection®

Yes 4 5

No 4 3
Postoperative therapy

No 7 2

Chemotherapy 1 2

Radiochemotherapy 0 4

PD = pancreaticoduodenectomy; TP = total pancreatectomy; LP = left
pancreatectomy.
*Large vessels or adjacent organs.
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(P =0.006) (Fig. 2), patients 65 years of age or
younger (P = 0.006), patients with CA 19-9 levels
greater than 300 kU/L (P = 0.002), those with mod-
erately differentiated tumors (P = 0.01), and those
without diabetes (P = 0.001). The different biologi-
cal aggressiveness of the tumor, detected by the SUV,
may explain the difference in survival after a poten-
tially curative resection with otherwise similar prog-
nostic variables. It is well known that '®FDG PET is
less accurate in patients with diabetes, and therefore
it can be unable to adequately predict survival. On
the other hand, it is difficult to explain the differences
that were verified within the other groups.

In a group of 52 patients with pancreatic cancer,
Zimny et al.'é reported that survival was significantly
influenced by SUV (cutoff 6.1) and CA 19-9 serum
levels, using both univariate and multivariate analysis.
The different cutoff values chosen by Nakata etal.,” by
Zimny et al.,'® and by us in the present study are
related to the different median values recorded in
the three studies. Because the cutoff values vary
greatly, ranging from 3.07 to 6.1,'® it is unwise to
suggest a cutoff value for further studies; rather it
should be determined on the basis of the personal
(possibly large) data.

We were unable to find a statistically significant
difference in survival between resected and nonre-
sected patients (see Table 2). This may be due to
the small number of resected patients (16 of 60) and
to the small number of early-stage cancers (stage 1/11
2 of 60). However, high and low SUVs were able to
separate patients with a significantly different survival
after a potentially curative tumor resection (see Fig. 2).

Most previous studies demonstrated that tumor-
associated histologic characteristics are important in
defining the prognosis of patients with pancreatic
cancer, especially after resection of the tumor. 2562324
However, most of them are available only after a
resection procedure has been performed. The great
advantage of SUVs calculated by FDG PET is
that this parameter can be obtained before any treat-
ment has been performed. Whether the availability
of a pretreatment factor related to prognosis may
influence the clinical management of patients with
pancreatic cancer was not investigated in the present
study because it was retrospective. Post-surgical
chemo- or radiotherapy in our patients was given as
part of randomized international trials, and most of
the treated patients belonged to the high-SUV sub-
group of patients who had a shorter survival. Because
the prognostic value of the SUV is at least equivalent
to that of tumor staging, stratification of patients
on the basis of the extent of the disease evaluated by
multidetector CT scan and on the SUV may improve
our understanding of the actual effect of different
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treatments. In as much as the number of PET/CT
scans will increase rapidly in the near future, a single
procedure can give both diagnostic and prognostic in-
formation.?>26

There is evidence that increased glycolytic activity
as determined by FDG uptake represents tumor
growth and resembles the biological behavior of the
tumor. Therefore the effects of chemo- and/or radio-
therapy can be evaluated on the basis of SUV varia-
tions. Rose etal.!” performed pre- and post-treatment
FDG PET scans to assess the response to neoadju-
vant therapy in patients with potentially resectable
pancreatic cancer. All patients who demonstrated a
50% or greater reduction in SUV after chemoradi-
ation had histologic evidence of tumor necrosis.
Maisey et al.'’ demonstrated that the absence of FDG
uptake at 1 month after chemotherapy for pancreatic
cancer is an indicator of improved survival, and FDG
PET may be a useful tool for assessing early response
to treatment of pancreatic cancer.

CONCLUSION
The FDG PET SUV calculation provides rele-

vant prognostic information in patients with pan-
creatic cancer before any surgical or medical treatment,
and may therefore be considered for stratifying pa-
tients for prospective studies when different thera-
peutic options are to be compared.

We gratefully acknowledge Miss Tania Lazzarin for ber belp with
this manuscript.
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Discussion

Dr. L. McHenry (Indianapolis, IN): The standard
uptake value (SUV) was 4.0. In your previous paper in
the Annals of Surgery you had an SUV of 2.6 as a
cutoft to detect pancreatic cancer in cystic neoplasms.
Could you explain why that would be different in this sit-
uation?

Dr. S. Pedrazzoli: The cutoft SUV of 4 was the
mean value for patients with pancreatic cancer, whereas
2.5 was the maximum or upper limit for benign disease.
This number has changed a little since then because of
the increased number of patients studied. We published
the paper when we had 56 cystic tumors. Now we have
more than 85 cystic tumors, and the sensitivity, specific-
ity, and accuracy are better. This is why we considered
the upper limit of normal values to be 2.5 instead of
2.6. It depends on the number of patients studied, the
procedure performed, and the machine.

Dr. McHenry: 1 have one last question. Have you
seen a change in your SUV now with CT/PET as com-
pared to PET alone? Or is the SUV uptake the same? Is
the PET scan with the CAT scan giving you the same
PET information?

Dr. Pedrazzoli: We do not yet have the PET/CT.
We will have the PET/CT within a few months. But I
introduced the combination of PET/CT imaging be-
cause I believe it is important for the future. The CT
scanner is very useable, and the PET images with in-
creased uptake can be correlated with the CT images.

Dr. R. Prinz (Chicago, IL): It is interesting that you
have not shown any correlation with CA 19-9. A number
of reports find that CA 19-9 relates to prognosis. At the
present time SFDG PET is not approved for use in
pancreatic cancer in the United States and probably one
of the reasons why is that there isno reason to believe that
it will change how we currently manage patients with
pancreatic cancer. Do you do anything different on the
basis of your PET findings?

Dr. Pedrazzoli: 1 believe there will be a big difference
now that we have reviewed all of our experiences. Unfor-
tunately only 60 out of 118 of our patients had their SUVs

calculated. Why? Because calculation of SUVs in the
initial period required a great deal of time, more time
than for a simple total-body PET. So the nuclear medi-
cine personnel decided not to perform SUV calculations
in all patients. Our first patients were without SUVs. But
now that we have enough patients—and I believe 60
patients are enough—there is an inverse correlation of
SUV with survival despite the same stage as UICC.

What about CA 19-9 and prediction of prognosis? 1
believe it does predict prognosis. I believe that it corres-
ponds to the tumor burden but not to tumor aggressive-
ness, two different perspectives that relate to prognosis.

Dr. J. Howard (Toledo, OH): Relative to your CA
19-9 data, were your measurements all at the time of ad-
mission?

Dr. Pedrazzoli: Yes, before any treatment was
begun.

Dr. Howard: 1 think the literature and our data indi-
cate there is a definite prognostic relationship to the
CA 19-9 level after resection.

Dr. Pedrazzoli: 1 agree with you. We published a
paper 10 years ago about possible normalization of CA
19-9 values after resection, and a CA 19-9 level of less
than 300 before resection was a predictor of improved
survival.

Dr. J. Moser (Pittsburgh, PA): I have a brief com-
ment. We have been using SMART (PET/CT) for a
couple of years in an effort to distinguish cancer from
inflammatory masses caused by chronic pancreatitis. In
our selected cases, the SUV calculated from CT/PET
had only about 65% sensitivity for pancreatic cancer.
False negative findings were not infrequent. In each case
we confirmed the final diagnosis by histologic examina-
tion of the resected pancreatic mass. I am not sure that
PET/CT is going to be a complete panacea for the
problems of PET as it applies to pancreatic lesions.

Dr. Pedrazzoli:  agree with you about the unsatisfac-
tory value of PET in differentiating between chronic
pancreatitis and pancreatic cancer, but this paper reports
on the very useful prognostic value of the SUV in all
patients who have had pancreatic cancer.

Invited Discussion—Expert Commentary

Sean J. Mulvibill (St. Louis, MO): It is clear that
our current TINM staging system for pancreatic cancer
is inadequate by some standards. First, in comparison

to other cancers, patients with node-negative disease
have a relatively poor outcome, implying that either our
pathologists are missing lymphatic metastases or other
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features are more important in predicting systemic dis-
ease. Second, preoperative clinical and radiographic
staging is incomplete, making it difficult to stratify pa-
tients who might benefit from neoadjuvant therapy.
Sgperti and colleagues address these issues by using
EDG PET as a preoperative staging tool, dividing pa-
tients into groups with high or low glucose uptake, rep-
resenting greater or lesser tumor metabolic activity.
With this functional assay of tumor behavior, they dem-
onstrated a statistically significant difference in survival,
with patients exhibiting low tumor metabolic activity
having improved outcome independent of tumor stage.
Interestingly, they also show significant discrimination
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in survival even after resection. This implies that *FDG
PET may be useful clinically not only in identifying
occult metastases that are not apparent on clinical evalu-
ation and cross-sectional imaging butalso as a staging and
prognostic tool. We are entering an exciting time of
functional imaging. This, or similar technology, may
help us to decide preoperatively whether or not a given
patient might benefit from neoadjuvant therapy or
even how aggressive we should be with surgical resec-
tion. I believe 18SFDG PET will become a useful tool
in the management of patients with pancreatic cancer,
but a number of issues related to imaging technique and
analysis require refinement.



Troponin I Peptide (Glu94-Leul23), a
Cartilage-Derived Angiogenesis Inhibitor: In
Vitro and In Vivo Effects on Human
Endothelial Cells and on Pancreatic Cancer
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Several inhibitors of angiogenesis have been identified in bovine and shark cartilage. One of them is
troponin I, which is the molecule responsible for the inhibition of the actomyosin ATPase during muscle
contraction. In this study we sought to investigate if the active site of troponin I (peptide Glu94-Leul23;
pTnl) is also the one responsible for the antiangiogenic properties of this protein. The effects of pTnl
on endothelial cell tube formation and endothelial cell division were investigated using human umbilical
vein endothelial cells, Matrigel, light microscopy, carboxyfluorescein diacetate, succinimidyl esterlabeling,
and flow cytometry. Its effects on induction of ICAM-1 and production of vascular endothelial growth
factor by pancreatic cancer cells (CAPAN-1) were also investigated, as was its efficacy in a mouse
model of pancreatic cancer metastases. Our results show that concentrations as low as 1 pg/ml of pTnl
significantly inhibit endothelial cell tube formation, and that endothelial cell division was inhibited at
96 hours by 3 pg/ml pTnl (P = 0.0001). No effects were seen using troponin peptide 124-181 as a
control. pTnl-treated supernatant from the pancreatic cancer cell line CAPAN-1 downregulated ICAM-
1 expression on human umbilical vein endothelial cells up to 10 ng/ml pTnl, and a significant reduction
in vascular endothelial growth factor production was seen by treating CAPAN-1 cells with up to 1 ug/
ml pTnl. After intrasplenic injection of CAPAN-1 cells, mice treated with pTnl had fewer liver metastases
compared to control mice (liver/body weight 5.5 vs. 11.1; P = 0.03). The active region of troponin I
is the one responsible for its antiangiogenic effect. The mechanism of action of this peptide is probably
multifactorial. (J GASTROINTEST SurG 2003;7:961-969) © 2003 The Society for Surgery of the
Alimentary Tract

KEY WORDS: Angiogenesis, troponin I, pancreatic cancer

Angiogenesis, the formation of new blood vessels,
is recognized as a fundamental process in and an
essential component of tumor growth and metastasis,
and has become a target for the treatment of
cancer."” The process of neovascularization may be
induced by a number of mediators including growth
factors, cytokines, and cell adhesion molecules, and
their inhibition or antagonism has been the focus of
extensive basic and clinical research.®*

Bovine and shark cartilage have been investigated
as treatments for cancer, and the findings that several

substances in cartilage have antiangiogenic activity
provides a theoretical rational for possible effective
use.” One of these substances is troponin I, first
described by Moses et al.® in 1999. Troponin is a
globular molecule consisting of three subunits (tropo-
nin C, troponin T, and troponin I), each of which
possesses a specific function. The principal known
function of troponin I is the inhibition of the actomy-
osin ATPase during muscle contraction.” It is a 21
to 23 kDa protein that consists of 181 amino acid
residues. Several isoforms have been described and are
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coded by three different genes.!’ The active site of
troponin [ is located in the amino acid residues 96 to
116. This peptide inhibits 85% of the ATPase activity
in a concentration-dependent manner.'!

Very little is known about the mechanism of tropo-
nin I as an angiogenesis inhibitor.*!? In this study
we investigated whether the active site of troponin I
(peptide Glu94-Leul23; pTnl) is also responsible for
the antiangiogenic effect of the molecule by studying
its effects on the following: (1) endothelial cell tube
formation; (2) endothelial cell division; (3) induction
of intercellular adhesion molecule 1 (ICAM-1) by
pancreatic cancer cells, and (4) production of vascular
endothelial growth factor (VEGF) by pancreatic
cancer cells. We also investigated the effects of this
peptide in limiting the establishment and progression
of metastases in a mouse model of metastatic pancre-
atic cancer.

MATERIAL AND METHODS
Troponin I Peptide

The troponin I peptide 94-123 (Glu-Asp-Met-
Asn-Gln-Lys-Leu-Phe-Asp-Leu-Arg-Gly-Lys-Phe-
Lys-Arg-Pro-Pro-Leu-Arg-Arg-Val-Arg-Met-Ser-
Ala-Asp-Ala-Met-Leu), as well as the fluorescein
isothiocyanate— and AlexaFluor ®594-labeled peptide
94-123 and the peptides 124-181 were synthesized
and given to us by Dr. Paul Leavis (Boston Biomedical
Research Institute, Watertown, MA).

pTnl was dissolved in Hanks’ balanced salt solu-
tion (HBSS) (BioWhittaker, Inc., Walkersville, MD)
at a stock concentration of 10 mg/ml (2.76 mmol/
L) and frozen at —20C. For in vitro experiments
pTnl was dissolved in the respective cell culture
medium; for in vivo experiments pTnl was suspended
in physiologic saline solution.

Cell Lines, Cell Culture, and Conditioned
Cell Supernatant

Human umbilical vein endothelial cells (HUVEC)
were obtained from Clonetics® Human Cell Systems
(BioWhittaker, Inc.) and subcultured up to passage
number n+15. CAPAN-1 cells, derived from a
hepatic metastases of a human pancreatic adenocarci-
noma, were obtained from the American Type Cul-
ture Collection (ATCC, Manassas, VA). Culture
media for HUVEC was EGM-2® (BioWhittaker,
Inc.) supplemented with human recombinant epi-
dermal growth factor, hydrocortisone, human fibro-
blast growth factor basic with heparin, VEGF, human
recombinant insulin-like growth factor, ascorbic acid,
gentamicin, amphotericin-B, heparin, and fetal
bovine serum (FBS). CAPAN-1 cells were cultured in
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RPMI 1640 (Invitrogen, Carlsbad, CA) supplemented
with 10% FBS.

CAPAN-1 cells used for in vivo experiments were
grown to almost 100% confluence, harvested with
Trypsin-EDTA (BioWhittaker, Inc.), washed, centri-
fuged at 1750 rpm for 4 minutes at room temperature,
and then resuspended in HBSS to a final concentra-
tion of 5 x 10¢ cells/100 pl. Cell viability was con-
firmed by trypan-blue exclusion.

For conditioned CAPAN-1 cell supernatant, cells
were seeded into a six-well plate and allowed to grow
to 75% confluence. pTnl was added in the desired
final concentrations in fresh RPMI medium, and the
cells were incubated for 48 hours. Then the superna-
tant was removed, centrifuged, and frozen at —20C.

Effects of pTnl on Endothelial Cell
Tube Formation

For endothelial cell tube formation, 50 ul/well of
Matrigel® basement membrane matrix (Becton Dick-
inson, Bedford, MA) was added to a 96-well plate
and allowed to gel for 60 minutes at 37C. Then
1.5 x 10* HUVEC were seeded onto the surface of
the gel in the presence or absence of troponin I
peptides or conditioned CAPAN-1 cell supernatant,
and incubated for 14 hours at 37C in a CO, incubator.
The serine protease inhibitor gabestate mesilate
(FOY®, Ono Pharmaceutical Co., Ltd, Osaka, Japan)
was used as a positive control for inhibition of tube
formation.'? The cultures on the gel were fixed for 10
minutes in 25% glutaraldehyde, washed, and stained
with Mayer’s hematoxylin. Tube formation was in-
spected under a light microscope at 40 X magnifica-
tion and analyzed using MetaMorph 4.6 for Windows.
For all cultures the center section of the well was se-
lected and the quantity of tube formation measured.
The results for tube formation of HUVEC without
troponin I was defined as 100%.

Effects of pTnl on Endothelial Cell Division

Carboxyfluorescein diacetate, succinimidyl ester
(CFDA,SE) was used as a cell division marker. Then
1 x 10° HUVEC were seeded on six-well plates and
allowed to attach for 24 hours. Cells were washed once
and incubated for 15 minutes at 37C with 3 um
CFDA,SE (Molecular Probes Inc., Eugene, OR) in
Cellgro-free® medium (Mediatech, Inc., Herndon,
VA). Cells were then washed once with prewarmed
Cellgro-free medium and once with EGM-2 for 15
minutes at 37C. Finally, 2 ml of EGM-2 medium
containing pInl in different concentrations was
added. CFDA,SE-labeled HUVEC grown in pTnl-
free medium were collected after 0, 24, 48, 72, and
96 hours. All other cells were cultured for 4 days,



Vol. 7, No. 8
2003

with changing of the medium on day 3. Cells were
then trypsinized, washed once in HBSS containing
1% bovine serum albumin and 1% NalNj (fluores-
cence-activated cell sorter [FACS] buffer), and fixed
in 3.7% paraformaldehyde. After one more wash,
cells were resuspended in 50 pl FACS buffer and
analyzed by flow cytometry (FACScan, Becton Dick-
inson) using excitation at 488 nm and the FL1 detec-
tion channel. Data were analyzed and converted to
histograms by WinMDI ( J. Trotter; Scripps Research
Institute, La Jolla, CA).

Effects of pTnl on Intracellular Cell Adhesion
Molecule 1 (ICAM-1) Expression

One x 10° HUVEC were seeded on six-well plates
and allowed to grow to almost 100% confluence, and
then stimulated with 2 ml of conditioned CAPAN-
1 supernatant for 6 hours at 37C with different con-
centrations of pTnl. Stimulation with TNF-o (10
ng/ml) was used as control. After washing once with
HBSS, cells were harvested by trypsinization and
washed again with ice-cold HBSS containing 1%
bovine serum albumin and 1% NaNj; (FACS buffer)
before incubating with normal mouse serum for 20
minutes. After two more washes, cells were incubated
with a fluorescein-conjugated mouse monoclonal an-
tthuman ICAM-1 antibody (R&D Systems, Inc.) (7.5
ug/ml) for 30 minutes at 4C. Fluorescein-conjugated
mouse IgG; was used as a negative control. After two
washes in FACS buffer, cells were fixed in ice-cold
3.7% paraformaldehyde, washed again, and ana-
lyzed by flow cytometry. The mean fluorescence in-
tensity expressed by the pTnl-free cells was
determined as 100%.

Effects of pTnl on Vascular Endothelial
Growth Factor Production by CAPAN-1 cells

To measure VEGF in CAPAN-1 supernatant,
2.5 x 10" cells per well were seeded in a 96-well
plate without pTnl or with 0.1 pg/ml pTnl and the
supernatant was collected from 0 to 72 hours.

VEGF in CAPAN-1 cell supernatant was mea-
sured using the ChemiKine™ VEGF Sandwich
enzyme-linked immunosorbent assay kit (Chemicon
International, Inc., Temecula, CA) according to the
manufacturer’s instructions. Briefly, 100 pl of
CAPAN-1cell supernatant was added to the plate pre-
coated with mouse antihuman VEGF monoclonal
antibody, then biotinylated rabbit antthuman VEGF
antibody was added, and the plate was incubated for
3 hours. After washing, streptavidin—alkaline phos-
phatase was added and incubated for 45 minutes. The
plate was washed again, color reagent was added, and
the optical density was read at 490 nm.

Troponin I Peptide 963

Animals and Liver Metastases Model

Six-week-old male athymic nude mice, weighing
20 to 25 g, were obtained from Charles River Labora-
tories (Wilmington, MA) and acclimatized for 1 week.
Animals were caged in groups of five in a barrier
care facility with free access to food and water. All
procedures were performed in accordance with fed-
eral, local, and institutional guidelines and were ap-
proved by the subcommittee on animal research at
our institution.

The hematogenous liver metastases model of pan-
creatic carcinoma was used as previously described by
our laboratory.'* Briefly, animals were anesthetized
with ketamine, 100 mg/kg (Monarch Pharmaceuti-
cals, Rochester, MI), and xylazine, 5 mg/kg (Lloyd
Laboratories, Shenandoah, IA), followed by a small
left subcostal incision and exteriorization of the
spleen. Using a 30-gauge needle and a 1 ml sy-
ringe, 5 x 10° CAPAN-1 cells in 100 ul HBSS were
injected under the capsule of the spleen. Hemostasis
was performed by gentle pressure on the injection
site with a cotton applicator for 30 seconds. The
peritoneum and skin were closed in a single layer
using 5-0 Dexon sutures.

Mice were divided into three groups. Group 1
(n =5) received 3.5 mg/kg pTnl intraperitoneally
daily for 7 days before tumor cell injection and for
14 days after tumor cell injection. Group 2 (n = 8)
received the same volume of vehicle alone (0.9%
NaCl) according to the same schedule. Group 3
(n = 6) consisted of mice without tumor induction
who served as control group. Animals were killed at
6 weeks. Body weight was recorded, and the abdomi-
nal and thoracic cavities were inspected. The liver
was excised and weighed.

Tissue was collected for histologic evaluation.
Representative sections of liver were fixed for 72
hours in 10% formalin, embedded in paratfin, and
stained with hematoxylin-eosin for light microscopy.

Statistical Analysis

Data are presented as mean = standard error of
the mean (SEM). Continuous normally distributed
variables were analyzed by Student’s # test. P < 0.05
was considered statistically significant.

RESULTS
Effects of pTnl on Endothelial Cell Tube

Formation

HUVEC on Matrigel-coated wells form a capil-
lary-like network within 14 hours. A significant
failure to form continuous networks between cells
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was observed in the presence of pTnl with concentra-
tions as low as 1 pg/ml pTnl (P < 0.0001). No inhibi-
tory effect was seen with the use of the same
concentrations of troponin I peptide 124-153.
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CAPAN-1 cell supernatant stimulated the cell tube
formation in a volume-dependent fashion. The capil-
lary network increased by 62% with 5 ul supernatant
and by 88% with 50 ul supernatant. Addition of
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Fig. 1. Effect of troponin I on tubelike structures formed by HUVEC cultured on Matrigel. The stained
cell cultures were viewed by microscope and the tube network of HUVEC was analyzed by computer.
Troponin I peptide 94-123 inhibited tube formation up to a concentration of 1 pg/ml (A). No inhibition
was observed with troponin I peptide 124-153 (B). Supernatant of pancreatic cancer cells CAPAN-1
(CS) accelerates the tubelike network in volume-dependent fashion. Supernatant of CAPAN-1 coincu-
bated with troponin I peptide 94-123 (cCS) inhibits the network significantly up to 1pg/ml pTnl with
5 ul CAPAN-1 supernatant and up to 1 ng/ml pTnl with 50 pl supernatant (C).
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CAPAN-1 cell supernatant conditioned with pTnl
inhibited the tube formation in a volume- and con-
centration-dependent manner (Fig. 1).

Endothelial Cell Division

CFDA,SE labeling was used for the first time on
endothelial cells. Labeled HUVEC showed a de-
crease in fluorescence intensity, which is inversely
proportional to cell division and cell generations
(Fig. 2).

HUVEC cultured in medium containing 3 pg/
ml pTnl showed fewer cell divisions after 96 hours,
resulting in a significantly higher mean fluorescence
intensity compared to cells grown in pTnl-free
medium (P = 0.0001) and shifting the histogram to
the right (Fig. 3). On the other hand, CAPAN-1
supernatant added to HUVEC medium accelerated
cell division and shifted the histogram to the left (data
not shown).

ICAM-1 Expression on Endothelial Cells

CAPAN-1 supernatant stimulated endothelial cells
to express ICAM-1. Stimulation of HUVEC with
conditioned, pTnl-treated CAPAN-1 cell superna-
tant resulted in a downregulation of ICAM-1 expres-
sion. The downregulation was significant up to a
concentration of 10 ng/ml pTnl (P < 0.05) (Fig. 4).
Stimulation with CAPAN-1 cell supernatant was less
effective than with TNF-o (data not shown).
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Fig. 2. Detection of cell division of HUVEC labeled with
carboxyfluorescein diacetate, succimidyl ester. Peaks from
right to left represent successive generations of cells 0, 48,
and 96 hours after labeling.

pTnl and VEGF Production
by CAPAN-1 Cells

Incubation of CAPAN-1 cells with troponin I pep-
tide for 48 hours resulted in a significant decrease
of VEGF production. The reduction was significant
(P < 0.05) up to a concentration of 1 pg/ml pTnl
(Fig. 5).

Effects of pTnl on Liver Metastases

Splenic injection of CAPAN-1 cells resulted in
growth of multiple metastatic nodules in the livers

no pTnl

3ug/mi pTnl

10*
fluorescence

Fig. 3. Effect of troponin I peptide 94-123 on cell division of HUVEC. Cells cocultured for 96 hours
with 3 pg/ml pT'nl show fewer cell divisions compared to untreated cells. Flow cytometry analysis shows a
higher mean fluorescence, representing fewer cell divisions, in the cocultured cells (mean = SEM) (A).
The histogram of cocultured cells is shifting to the right (B).
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Fig. 4. Inhibition of ICAM-1 expression on stimulated
HUVEC by troponin I peptide 94-123 (pTnl). HUVEC were
stimulated with CAPAN-1 supernatant conditioned with 0, 10
pg/ml, 1 pg/ml, 10 ng/ml, and 1 ng/ml pTnl. Flow cytometry
analysis shows a significant downregulation of ICAM-1 up to
10 ng/ml pTnl (mean = SEM).

of nude mice. Histologically, metastases consisted of
well-differentiated neoplastic glands. Ascites was ob-
served in none of the treated animals but in three of
the animals in the nontreated group. One mouse in
this group also had a splenic tumor.
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Macroscopically, tumor burden in the liver of mice
treated with troponin I peptide 94-123 was minimal
compared to the control group (Fig. 6). Hepatic
tumor loads were calculated from the liver-to-body
weight ratio. The mean liver-to-body weight ratio in
the treated group was 5.54 (range 4.88 to 6.56), which
was comparable to the ratio in normal mice (5.25).
A significantly greater ratio of 11.08 (range 5.18 to
16.41) was seen in the nontreated group (Fig. 7).

DISCUSSION

Bovine and shark cartilage have been investigated
as treatments for cancer for years, and several sub-
stances that have antitumor activity have been identi-
fied in cartilage.’™™® One of these substances is
troponin I, a protein shown to have an antiangiogenic
effect.® Our study shows that the central part of the
protein responsible for the ATPase inhibitory action
of troponin I in muscle is also the one responsible for
the antiangiogenetic effect. The synthetic peptide
Glu94-Leul23 inhibited capillary tube formation by
endothelial cells in concentrations as low as 1 pg/ml.
Additionally, pTnl inhibited endothelial cell division.
Both effects were not seen using another part of the
troponin I protein.

The effects of pTnl were not limited to endothelial
cells. Our studies show that pTnl decreases VEGF
expression by CAPAN-1 cells and downregulates
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Fig. 5. VEGF production by CAPAN-1 cells and inhibition by troponin I peptide 94-123 (pTnl). A,
Time course without (M) or with (O) 1 pug/ml pTnl. Forty-eight hours after coincubating the cells with
pTnl, a significant reduction of VEGF production was observed. B, CAPAN-1 cells were incubated for
48 hours with different concentrations of pTnl. A significant reduction in VEGF production is seen up

to a concentration of 1 pg/ml pTnl (mean = SEM).
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Fig. 6. Effects of troponin I peptide 94-123 on hepatic metas-
tases from pancreatic cancer. A, Six weeks after intrasplenic
injection of CAPAN-1 cells, the liver of an untreated animal is
almost replaced by cancer. B, Cancer growth is minimal in
the treated animal.

ICAM-1 expression on HUVEC stimulated by
CAPAN-1 supernatant. VEGF, a potent angiogenic
polypeptide, plays a key role in the formation of new
blood vessels,'” and is overexpressed in cancer and
associated with disease progression.”**! Another
function of VEGF is the upregulation of ICAM-1 on
endothelial cells,® and therefore the downregula-
tion of ICAM-1 by pTnl seen in this study could be
an indirect effect of the peptide on VEGF production
by cancer cells. The mechanism whereby pTnl inhib-
its VEGF expression is unknown. Feldman and Rou-
leau'? suggested that troponin I may interact with the
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Fig. 7. Reduction of tumor burden in the liver by troponin I
peptide 94-123. Reduction between untreated and treated
group is significant. Liver/body weight in the treated group
is similar to that in normal animals.

basic fibroblast growth factor receptor on endothelial
and nonendothelial cells, and perhaps pTnl competes
with VEGF and basic fibroblast growth factor on the
cell surface for their receptors.

In vivo, pTnl inhibited pancreatic cancer metasta-
ses in the liver metastases model. The tumor burden
of the treated animals was significantly less than that of
the control group, and the intraperitoneal application
of pTnl was well tolerated. As animals were treated
before tumor inoculation, no conclusions can be
drawn about the effect against established liver metas-
tases, but the magnitude of the effect does suggest that
this component alone or in combination with other
drugs may be useful in cancer treatment.

In summary, our results indicate that the active
region of troponin I, which is the one that inhibits
ATPase during muscle contraction, is also the part
of the protein responsible for the antiangiogenic
effect. pTnl has an inhibitory effect on endothelial
cells as well as on tumor cells in vitro, and in vivo
reduced metastases from pancreatic cancer to the
liver. The mechanism of action on endothelial and
tumor cells is unclear but may be associated with
growth factors and their receptors.

Although the findings in this study cannot be gen-
eralized to other pancreatic cancer cell lines or to
other in vivo pancreatic cancer models, they do add
to the increasing evidence that inhibition of angio-
genesis can affect cancer progression. Whether or
not troponin I can become a useful agent for this
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purpose requires further laboratory study including
comparison to other antiangiogenic therapies.

We thank Dr. Paul Leavis for the synthesis of troponin I and Dr.
Gerald Waneck for assistance with flow cytometry.
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Discussion

Dr. M. Callery (Boston, MA): Have you tested
whether you can potentiate chemotherapeutic agents
with your troponin I compound?

Dr. B. Kern: No, we did not. We only did it with
troponin I, not in combination with other chemotherapies.

Dr. J. Moser (Pittsburgh, PA): I was just wondering
if you have any speculation about the cell surface recep-

tor or effector mechanism for pTnl that would mediate
these effects?

Dr. Kern: There are some hints that troponin I com-
petes in some way with growth factor receptor, VEGF
receptor, or fibroblast growth factor receptor. The latter
was suggested as a likely target in a paper published
last year.
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Invited Discussion—Expert Commentator

Dr. Sean J. Mulvibill, M.D. (Salt Lake City, UT):
This is an important paper describing possible antineo-
plastic effects of troponin I, the protein responsible for
inhibition of actomyosin ATPase during muscle con-
traction. Previous studies have suggested an angio-
genesis inhibitory effect of this protein. The work of
Folkman and others increasingly shows that inhibition
of angiogenesis is an important potential therapeutic
target in cancer therapy, and several compounds are
now in clinical trials. The main findings in this study
include the following effects of troponin I: (1) dose-
dependent inhibition of endothelial cell tube formation;
(2) inhibition of endothelial cell division; (3) downregu-

lation of ICAM-1 expression in endothelial cells; (4)
minor inhibition of VEGF production by endothelial
cells; and (5) inhibition of development of liver metasta-
ses in a nude mouse model.

Although the mechanism of action of troponin I is
not clear from this study, the marked inhibitory effect of
pretreatment in vivo in the nude mouse model suggests a
possible therapeutic application. This represents cutting-
edge work. It is gratifying to see a paper presented at
the SSAT meeting citing very recent references from
Science and the Fournal of Biological Chemistry. I congratu-
late the authors for being on top of a rapidly evolving
field and bringing us this report of their work.



Cystic Lesions of the Pancreas: Selection Criteria
for Operative and Nonoperative Management
in 209 Patients
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Because of the inability to determine benign from malignant, many have recommended that all cystic
lesions of the pancreas be resected. Patients evaluated between January 1995 and December 2000 for
the ICD-9 diagnosis of pancreatic cyst (577.2) or benign neoplasm of the pancreas (211.6) were reviewed.
Patient, cyst, and treatment characteristics were recorded. Comparisons were made between patients who
underwent operative and nonoperative management. Over the 5-year period, 209 patients were eval-
uated. Nonoperative treatment was initially chosen for 144 patients (69%). In this group the average cyst
diameter was 2.5 cm (range 0.5 cm to 13.0 cm), and the median change in diameter during follow-up
was zero cm (range 1.5 cm to 4.0 cm). In six patients (4%) changes occurred within the cyst that resulted
in resection. None of these patients had a malignant diagnosis. Operative treatment was initially chosen
for 65 (31%) of the 209 patients. Malignancy was found in six of the operative patients (6 [9%] of 65).
Differences in patient and cyst characteristics between groups included the cyst size, septations, a solid
component, and the presence of symptoms. Selected patients with cystic lesions of the pancreas may be
safely followed radiographically. Selection criteria identified in this study (symptoms, cyst size, solid
component, and septations) and the utilization of new imaging techniques allow the creation of treatment
plans for these patients that can be prospectively tested. (J GASTROINTEST SURG 2003;7:970-977)
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A “cystic lesion of the pancreas” is a radiographic
finding that has a broad histologic differential. The
histologic entities included within this radiographic
grouping include pseudocysts, benign neoplastic cysts,
premalignant neoplastic cysts, malignant neoplastic
cysts, and non-neoplastic cysts.! Over the past two de-
cades, a variety of laboratory, radiographic, and endo-
scopic tests have been evaluated for their ability to
distinguish between benign and malignant cysts of the
pancreas. Despite this effort, the present ability to
determine nonoperatively the precise histologic iden-
tity of a cystic lesion of the pancreas is limited.’

Because of this inability to determine benign from
malignant cysts, many have recommended that all
cystic lesions of the pancreas be resected.’” Given
the increasing use of abdominal CT scanning and

the associated increase in the number of incidental
pancreatic cystic lesions, this treatment strategy is
currently impractical.®’ Studies that have recom-
mended this approach demonstrate that when this
treatment strategy is followed, 30% to 40% of the pa-
tients exposed to the risks of pancreatic resection are
those undergoing resection of a benign serous cysta-
denoma.*’ The benefits of resection for a patient with
an asymptomatic serous cystadenoma are unclear.

This study was designed to identify all patients
evaluated at our institution for a cystic lesion of the
pancreas over a 5-year time period. Patients managed
both operatively and nonoperatively were included in
an attempt to better define the selection factors
associated with either management strategy and to
address the past recommendation that all cysts of the
pancreas need to be resected.
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METHODS

Institutional physician billing data (from January
1995 to December 2000) were obtained, and all pa-
tients who were evaluated at our institution and billed
for the ICD-9 diagnosis of pancreatic cyst (577.2)
or benign neoplasm of the pancreas (211.6) were
identified. The electronic records of these patients
(n = 840) were then reviewed. All patients, who upon
review, were found to have been evaluated for the
radiographic diagnosis of a cystic lesion of the pan-
creas were included (n = 209). Patients who were
given the ICD-9 diagnosis of pancreatic cyst but who
were thought, after radiographic evaluation, by the
attending surgeon to have a specific pathologic entity
were excluded. These patients included those pre-
sumed to have a pseudocyst, cystic neuroendocrine
tumor, or intraductal papillary mucinous neoplasm
(IPMN). No patient thought to have adenocarcinoma
with cystic degeneration was given the ICD-9 diagno-
sis of pancreatic cyst.

Patient-, cyst-, diagnosis-, and treatment-related
variables were recorded. Diagnostic studies per-
formed at our institution during this time period
included ultrasound, CT, magnetic resonance cho-
langiopancreatography (MRCP), endoscopy with or
without cholangiography and endoscopic ultrasound,
and percutaneous or endoscopic biopsy. Cyst fluid
analysis consisted only of cytologic examination. Cyst
characteristics recorded included the cyst diameter,
the presence of septations, the presence of calcium,
and the presence of a solid component. When multi-
ple cysts were present within the pancreas, the cyst
diameter of the largest cyst was recorded. When the
recorded cyst diameter was discrepant between radio-
graphic studies, the average diameter was recorded.
A cyst was considered to be symptomatic if it was
identified on an imaging study performed specifically
for the evaluation of upper abdominal symptoms.
For patients managed nonoperatively, radiographic
follow-up was not standardized; however, in general,
most patients underwent serial imaging with high-
quality CT or MRCP every 3 to 6 months for 2 years,
and annually thereafter.

The analyses in this study were performed on an
intention-to-treat basis by whether the initial deci-
sion was to operatively or nonoperatively manage the
patie