





2006 Radiology Of The Liver

By Jason Smith, MD
Vascular Interventional Radiology

The radiology department offers comprehensive diagnostic imag-
ing services and minimally invasive, percutaneous thcrapeutic
interventions for both benign and malignant hcpntic pnthologic&
Radiology’s participation in the multi-disciplinary general and
liver-specific tumor boards at LLUMC is an important aspect of

this process.

State-of-the art 8-, 16-, and
64-channel multi-detector com-
puted tomography (CT) scanners,
three magnetic resonance imaging
(MRI) magnets, and a full-service
diagnostic ultrasound (US)
laboratory complement three
conventional ﬂuoroscopic angio-
interventional suites. More than
350 CT, 300 MRI, and 130 US
liver specific examinations were

performed during 2006.

Liver pathology, including cancer,

can usually be detected by CT

scans, MRI, and other imag-

ing techniques. In many cases,
these studies, in concert with the clinical and laboratory data, are
diagnostic of various benign and malignant pathologies, including
cirrhosis, portal hypertension, and focal hepatic lesions. Imaging
findings alone can overlap, however, for lesions such as benign
adenoma and hepatocellular carcinoma (HCC). For this reason,
it is sometimes necessary to obtain a tissue sample to confirm or
rule out a diagnosis of cancer; this is particularly true for meta-
static disease. Percutaneous biopsies are performed with US or

CT guidance.

Interventional radiology (IR) plays an essential role in the hemo-
dynamic evaluation and staging of cirrhosis and post-transplant
liver dysfunction. For these reasons, 38 transjugular portosys-

temic gradients were measured and concomitant liver biopsies
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performed by our department in 2006. Many of these patients
ave moderate to severe coagulopathies or ascites, in whom percu-
h d gulopatt hom p

taneous biopsy would carry increased hemorrlmgic risk.

While transplantation is the only cure for cirrhosis, the creation
of a transjugular intrahepatic portosystemic shunt (TIPS) is

a well-accepted and effective treatment for cirrhosis-related
complications of ascites and hemorrhage. Unfortunately, many
people are not candidates for a liver transplant. And even for
those who are, many will never receive a liver expeditiously; in
these people, TIPS may serve as a potentially lifesaving bridge

to transplantation. Sixteen TIPS and 3 intravascular ultrasound
guided transcaval portosystemic shunts (in patients with anatomic
contraindications to routine placement of TIPS) were placed in

our deparrmcnt during 2006.

IR also participates in many ancillary hepatic procedures, includ-
ing arteriographic evaluation and treatment of post-transplant he-
patic arterial stenoses, percutaneous biliary drainage for palliation
of obstructive hilar lesions when endoscopic attempts fail or is not
feasible (such as in post-transplanted patients with Roux-en-Y
surgical anastamoscs), and percutaneous serial dilation ofbenign
biliary strictures (typically at bilioenteric anastamoses) to prevent
the need for surgical reconstruction. Additionally, we offer full-
service central venous access (chest ports, hemodialysis access, and
PICC:s), and US-guided drainages for refractory hepatohydrotho-

rax and ascites that are needed by many liver patients.

10,000-15,000 cases of primary liver cancer are diagnosed each
year. The most common form is HCC, occurring most commonly
in the setting of cirrhosis due to alcohol abuse or hepatitis B or C
infection. Surgery is the only “curative” treatment, either by resec-
tion or by transplant. However, only 10-20% of new patients are
resectable due to extrahepatic disease, liver disease, or co-mor-
bidities. Historically, chemotherapy drugs have been gcnerally
ineffective at curing HCC, and median survival of unresectable
patients is approximately 6-9 months (5-year survival 0%). This
is compared to resection and transplant median survival rates

of 29-47 months (41-51% 5-year survival) and greater than 40

months (71-75% 5-year survival), respectively.




Transarterial chemoembolization (TACE) can provide local
tumor control, either as a bridge to surgery or transplantation, or
in a palliative fashion. TACE has been shown to prolong survival
compared to supportive care alone. TACE can also be used in
conjunction with other cancer treatments including radiation,
systemic chemotherapy, and either open or percutaneous tumor
ablation. The effectiveness of this treatment is due to the unique
hepatic blood supply, 75% being supplied by the portal vein,

with the hepatic artery supplying the remaining 25%. Tumors
that grow in the liver typically derive their blood supply from the
hepatic artery. Thus, drugs can be injected into the artery feeding
the tumor while sparing most of the healthy liver tissue that is
supplied by the portal vein. TACE works in several ways to attack
the cancer. First, regional therapy delivers a higher concentration
of drug directly to the tumor. Secondly, the embolic particles
provoke tumor ischemia (increasing tissue permeability) and si-
multaneously increase the dwell time of the cytotoxic agents. This
technique also may reduce some of the side effects of systemic
chemotherapy. Another advantage is that the procedure may be
repeated multiple times. TACE studies have demonstrated that
70 percent or more of patients experience clinical improvement
with regards to pain relief and other symptoms. HCC median
duration response is 14-15 months, with survival rates at 1 year of
62+20%, 2 years 42+17%, 3 years 30+15%, and 5 years 19+16%.

Secondary hepatic metastases are an even larger source of liver
cancer; these include colorectal, as well as ocular melanoma,
neuroendocrine (e.g. carcinoid or islet cell), and gastrointestinal
sarcoma malignancies. About 140,000 people in the United
States are diagnosed with colon cancer each year, and roughly half
of these patients will develop tumors in their liver at some time.
Surgery is potentially curative, but less than 30% of colorectal
liver metastases are resectable, and 5-year survival rate is 37-58%
in selected patients. With systemic chemotherapy and supportive
treatment alone, response lasts for a mean of 9-10 months, with

median survival of less than 12 months.

Overall, TACE studies to date for colorectal metastases have been
disappointing in being unable to demonstrate significant improve-
ment in response rates or long-term survival over conventional
medical management. TACE of neuroendocrine hepatic metas-
tases, on the other hand, has been shown to provide symptomatic

and survival benefit, with response rates of 50-67% (duration of

response 6-12 months), with carcinoid tumors responding better
than pancreatic islet cell lesions. Limited data for ocular mel-
anona metastases demonstrate improved median survival of 7-9
months from time of diagnosis of liver metastases, compared with
3 months without treatment. More than 25 TACEs were per-

formed in our department in 2006, the majority being for HCC.

The application of relatively new treatment modalities of radiof-
requency ablation (RFA) and cryoablation may be performed for
the treatment of benign and malignant hepatic neoplasms in non-
surgical candidates. Asin TACE procedures, these are increasing
being used in conjunction with other treatment modalities in ef-
forts to improve local control and prolong survival. A general rule
of thumb is that optimal results may be obtained when applied

to patients with a limited number of relatively small tcumors (in
general, 3 lesions, each less than 3 centimeters). These procedures
may be performed either surgically or percutaneously. Those that
are accessible percutaneously are performed in the CT suite using
IV sedation and local anesthesia. Similar to image-guided biop-
sies, the ablation probes are guided by US or CT into the liver
tumors. The tumor is then ablated under CT monitoring by the
heating or cooling, by RFA or cryoablation, respectively. Multiple
tumors can be treated during one procedure. Patients should be

able to resume their normal routine the following day.

Overall median survival of patients with HCC treated with RFA
is 22-38 months, with 5-year survival rates reported as 40-61%.
For patients treated with RFA for metastatic colorectal disease,
median survival has been reported to be 36 months, with 5-year
survival rates approaching 30% for limited disease. Overall
complication rates for RFA of liver lesions compares favorably
with surgery, with major complications less than 5%. Reported
cryoablation results in the liver are sparse at this time. In 2006, 5
patients with various liver lesions were treated with percutaneous
RFA at LLUMC. In 2007, a Valley Lab Radiofrequency genera-
tor was purchased to accommodate the increasing utilization of

this technology.

Clearly, with the variety of medical, surgical, and percutaneous
treatments available to combat liver neoplasms, randomized con-
trolled trials will need to be performed to validate and compare
outcomes of these various treatment modalities, either alone or in

combination therapy.
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Hepatobiliary Surgery and
Liver Transplantation
By Okechukwu Ojogho, MD

Professor of Surgery
Director, Transplant Institute

The Transplantation Institute at Loma Linda University Medical
Center, is a nationally and internationally recognized comprehen-
sive multi-organ transplant center with expertise in liver, kidney,

pancreas, stem cell, and heart transplants for both adults and

pediatric recipients.

As reported by the United Net-
work of Organ Sharing (UNOS),
a government body that oversees
organ transplants in the United
States, LLUMC s outcomes for
adult liver transplantation rank
among the highest in the nation.
This achievement reflects the
dedication and commitment

ofa great team in a very caring

Institution.

It is the specialized fellowship
training and surgical experience
of working in and around the

liver everyday that allows us to

surgically preserve normal liver
by removing only diseased portions or remove the entire liver and

perform liver transplantation if necessary.

Given the broad selection of treatment options for hepatobiliary
cancers (resection, chemotherapy, ablation, and transplantation);
we believe that outcomes are best optimized through individu-
alized patient-specific tailoring of these matrix of therapeutic
options. Hence, we have created collaborative multi-disciplinary
clinical partnerships for the efficient integration of Surgery,
Medical Oncology, Diagnostic/Interventional Radiology, Radia-
tion Medicine/Proton Therapy, Hepatology/Gastroenterology
services. Below, I have focused on hepatocellular carcinoma to

highlight this management strategy.

HEPATOCELLULAR CARCINOMA
(HCC)

Hepatocellular carcinoma is a primary malignant tumor of the liv-
er and it is the fifth most common tumor world-wide, accounting
for 1 million deaths each year (1). HCC is most commonly seen
in the setting of chronic liver disease especially alcoholic, hepatitis
B and hepatitis C cirrhosis. While still relatively less common

in the United States compared to other parts of the world such

as East Asia and Africa, the National Cancer Institute reports
that the incidence of HCC has doubled in the last two decades
and continues to rise (www.cancer.gov). The NCI also estimates
19,160 new cases with 16,780 deaths due to liver and intrahepatic
bile duct cancer in the United States in 2007, Furthermore, SEER
data shows that many California counties, including San Bernar-
dino, have a rising incidence and death rates from hepatobiliary
cancer more than the average for all US counties (http://statecan-
cerproﬁles‘cancer.gov)‘ This increase in incidence has been related

to the prevalence of hepatitis B and C.

MANAGEMENT OF HCC

While there a several treatment options, surgical resection offers
the best chance at cure. Unfortunately, significant underlying
cirrhosis is a contraindication to resection and that is when liver
transplantation becomes the preferred treatment of choice for the
properly selected patient. HCC patients who are candidates for
liver transplantation and meet appropriate (Milan) criteria (single
tumor < 5cm or < 3 tumor nodules all < 3cm, and no vascular in-
vasion) can expect a 4-year survival rate of 85% and a disease-free
survival of 92% versus survival of less than 50% in those outside

the criteria (2)

Our multi-disciplinary team works collectively and collaboratively
to formulate patient-specific options. Our advanced imaging solu-
tions permit accurate staging to identify patients, such as those
with stage IT tumor, who would qualify for an upgrade on the
transplant waiting list and thereby get transplanted quickly. In ad-
dition to transarterial chemoebolization (TACE), we have lever-
aged LLUMCs role as the leader in proton beam therapy by using
proton to control the growth of HCC in selected patients waiting

for a liver transplant. LLUMC is the only transplant center in the

Loma Linda University Cancer Center
Annual Report 2006-2007




United States to report on the use of proton therapy for control

of HCC prior to liver transplantation (3, 4).

LLUMC, with its array of dedicated nmlti—disciplinary teams,

state-of-the-art treatment options, and a very caring environment
is the equivalent of having a world class hepatobiliary program at
our community’s doorstep thereby eliminating the inconvenience
and costly logistical burden of travel outside the Inland Empire in

search of other programs.
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Pediatric Liver Tumors

By Pedro W. Baron, MD, FACS

Surgical Director of Pediatric and Adult Liver
Transplantation

Transplantation Institute

Loma Linda University Medical Center and its Cancer Center
offer a multidisciplinary state-of-the art approach to the care of
children with malignant tumors. Outstanding physicians of all
disciplines are actively participating in the evaluation, diagnosis,

treatment and follow-up of children with malignant tumors.

The Pediatric Tumor Board meets
weekly under the leadership of
Dr. Antranik A. Bedros to discuss
the clinical condition of each
patient and to determine the best
treatment modality. The patients
are actively enrolled in national
and international research pro-
tocols, namely studies conducted
by Children’s Oncology Group
(COQ), to evaluate new treat-
ment opportunities including
combination of medical and surgi-

cal therapies.

For the IﬂSt ten years, tllC most

common hVCI‘ tumor seen in our

population of patients is hepa-
toblastoma (45%) followed by hepatocellular carcinoma (HCC)
(30%) and undifferentiated embryonal sarcoma (20%).

We offer a number of treatments for pediatric liver tumors
including medical interventions (i.e., systemic chemotherapy and
chemoembolization) and surgical interventions (i.e., surgical-

margin-free liver resection and/or liver transplantation).

Until the mid 1980s, about 30% of patients with hepatoblas-
toma were cured with surgery only. Introduction of cisplatin

to tllC treatment Of hepatoblastoma improvcd the survival Of

Loma Linda University Cancer Center
Annual Report 2006-2007

children with hepatoblastoma. In an Intergroup Liver Tumor
Study (CCG8881/POG8945) Pediatric Oncology Group
(POG) and Children’s Cancer Group (CCQG), compared two
chemotherapy regimens of cisplatin with either doxorubicin as a
continuous infusion or vincristine/ 5 fluorouracil (5-FU). This
study demonstrated no difference in overall survival or event-free
survival between the two regimens. However, the toxicity was
much higher in patients who received doxorubicin (1). Currently,
combination chemotherapy with cisplatin, vincristine and 5-FU
is the standard of therapy for patients with hepatoblastoma. This
combination chemotherapy and upfront or second look surgery
results in an overall cure rate approaching 80% for tumors of

all stages. The event-free survival of children with unresectable
tumors although improved in last few decades (50%), is far from
satisfactory. More national and international collaborations are in

progress to develop innovative therapies to improve the cure rate

for this group of children.

Hepatoblastoma
1996 - 2006
Tamor
X Tumor . Chemo-  Surgery Surgery F/U
Patient Size ° o S
Type therapy Date Type’ (7/30/07)
! (cm) ! !
1MA 1yo. Fetal Yes 8/21/98 Biopsy Alive
2aL T Re/Emb 12 Yes  6/2/00  RL Alive
3RA 2yo.  Fet/Emb 12 Yes 2/1/02 ILIL, Alive
4MB rrlli Fet/Emb 4.5 Yes 3/27/03 LL Alive
5EW  2yo. Fet/Emb Diffuse Yes 2/9/05 Biopsy Dead
9 Dead
6 RM mo. N/A 9.3 None None (5/8/05)
17 .
718 mo Fetal 113 Yes 11/30/06 CH Alive

*RL - right lobectomy; LL - left lateral segmentectomy; CH - central hepatectomy
Fet/Emb - fetal/embryonal type.

At Loma Linda University Medical Center, we follow the Inter-
national Society of Pediatric Oncology Liver Tumor Group or
SIOPEL recommendations for preoperative/pretreatment group-
ing system in patients with stage IIT and IV hepatoblastoma. The
PRETEXT staging system (PRE Treatment EXTent of disease)
is also used to determine the most appropriate treatment for any

patient with hepatoblastoma.




Complete surgical resection is the most important component of Embryonal Sarcoma

treatment for pediatric liver tcumors. Unfortunately about 40 to 1996 - 2006
60% of these patients have inoperable tumors at the time of their
Patient Tumor Chemo- Surgery Surgery F/U
initial presentation. However, preoperative chemotherapy allows Size (cm)  therapy Date Type* (7/30/07)
tumor excision of 60 to 85% at the time of second look surgery. Partial Dead
gery EQ  12yo. Yes 1/14/00 Lobectomy  (2/10/01)
AB 13 yo. 25 Yes 6/14/01 R Triseg Alive
All patients receive chemotherapy after complete tumor resection
CG 11 yo. 14 Yes 1/7/04 R Triseg Alive
except for patier ith stage I pure feta e hepatoblastoma.
except for patients with stage I pure fetal type hepatoblastoma B 7. “ e 817106 R Trseg Alive

This group of patients are treated with surgery only and then

observed chlncﬂ[ly R Triseg: right trisegmentectomy

Hepatocellular Carcinoma (HCC) metastatic disease who have unresectable primary liver tumor
1996 - 2006 (These metastatic sites are lungs for hepatoblastoma, lungs

and brain for HCC). Also, liver transplantation is indicated for

T
Tumor umor Chemo- Surgery  Surgery F/U

Patient Type Size therapy Date Type*  (7/30/07) unresectable PRETEXT IV hepatoblastoma, whatever the result

(cm)

of chemotherapy. The only absolute contraindication for liver

16 Yes Dead
LN HCC N/A None o ) ) ) )
yo- (9/20/98) (9/30/98) transplantation in patients with hepatoblastoma is the persistence
16 Yes Dead : e ; - ;
of viable extrahepatic metastasis after chemotherapy, which are
W e Hee (10/9/98) None 4 /8/00) P PY:
not amenable to surgical resection(3). Unifocal, centrally located
jC Gy HCC Yes 4/29/99 CL/ Alive
(11/27/98)  (Texas) ~ RFA PRETEXT II or III tumors involving main hilar structures or all
21 Yes Dead e veine A .o indicar « for v [iver frane
three hepatic veins are also indications for primary liver trans-
e, HeC (7/26/02) Nene o) 15/04) E ; Y
. plantation, if complete removal of the tumor is not feasible(3).
17 Fibrola- "
EC 135 Yes 7/2/04 LL Alive - . - .. .
yo.  mellar Tumor reduction after chemotherapy should not be the indication

§ . X g ¢ parti: epatec cause mic ~ODic te - iable
*CL/RFA - caudate lobectomy/radiofrequency ablation; CH - central hepatectomy for pat tial h"} atectomy, because microscopic remnants of viable

LL - left lateral segmentectomy neoplastic cells are frequently present.

Primary liver transplantation for hepatoblastoma with coadju—

The use of chemotherapy has not demonstrated to make a vant chemotherapy offers very favorable results with up to 80%

significant impact in the long-term survival of patients with HCC disease-free patient survival at 5 to 10 years(4).
and complete surgical resection still remains the most important

variable in curing these children. References
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TRANSPLANTATION INSTITUTE
LIVER CASE CONFERENCE

This multidisciplinary conference is held twice a month to ad-
vance the knowledge and improve the care of liver tumor patients.
Physicians with special expertise and interest in liver tumors
including oncologists, hepatologists, interventional radiologists,
radiotherapists, oncology surgeons, hepatobiliary surgeons,
transplant surgeons, fellows, residents and students attend this
meeting. About 8-10 cases are presented in each conference for
discussion of all possible treatment options and strategies best
suited to individual patient needs. In 2006, a total of 77 cases

were presented at the Liver Case Conference.

Hepatocellular carcinoma is the most common malignant liver
tumor worldwide with an annual incidence of approximately 1
million cases. In contrast, the majority of patients seen in the
United States with malignant tumors will have liver metastases

from colorectal cancer.

The major emphasis on treating malignant liver tumors is to
achieve tumor-free status by complete surgical excision of the
tumor, with an adequate liver mass remaining to sustain life. Oth-
erwise, if the patient has an unresectable liver tumor, we are able

to offer them liver transplantation as soon as possible.

TACE (transarterial chemoembolization), TAC (transarte-

rial chemotherapy), TAE (transarterial embolization), RFA
(radiofrequency ablation) and ethanol percutaneous infusion are
very popular in the treatment of hepatocellular carcinoma. Other
alternative treatments include chemotherapy (local or systemic).
They are indicated to treat metastatic colorectal cancer and other

metastatic tumors of the liver.

Loma Linda University Medical Center is one of the few facilities
in the world able to offer treatment of malignant liver tumors

using proton therapy. Extensive clinical research in hepatocellular
carcinoma is bcing conducted at this time to compare this modal-

ity to TACE and RFA.

To refer a patient to the Transplantation Institute Liver Case

Conference, please contact:

Pedro W. Baron, MD, FACS

Professor of Surgery

Surgical Director of Pediatric and Adult Liver Transplantation
Loma Linda Transplantation Institute

11234 Anderson Street, Room 1405

Loma Linda, CA 92354

(909) 558-8419

pbaron@llu.edu
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Pancreatic Cancer

By Nathan R. Wall, PhD, MBA

Assistant Professor Biochemistry/ Microbiology
Pediatric Center For Health Disparities Research
& Molecular Medicine

Pancreatic cancer is the fourth most common cause of cancer
death in men and women in the United States, with 5‘ye:1r
survival for all stages of disease less than 5%. Pancreatic cancer
has no clear eatly warning signs or symptoms and is usually silent
until the disease is well advanced. Patients have a median survival
of 4-8 months after diagnosis due in part to the advanced stage
the disease has already attained by the time it is discovered and
treatment has begun. Risk factors include age with diagnosis oc-
curring in people ages 65-79, smoking, gender, and possibly diets

high in fat.

It has long been apparent that the incidence of cancer at various
sites differs between racial and ethnic groups. In the United
States, the incidence of pancreatic cancer is higher in black
Americans, and Hispanics than in whites [1]. The most convinc-
ing evidence that environmental factors somehow are involved

in the etiology of cancer has been derived from studies on ethnic
groups, their cancers and migration. Generally low incidences

of colon, pancreas, breast and prostate cancers were observed

in native Japanese, whereas Japanese who have migrated to the
United States and adopted a more Westernized diet have suffered
a staggering increase in annual deaths associated with these same

tumor types [2].

Evidence that dietary fat can influence carcinogenesis has come
from experimentation in animal models and epidemiological stud-
ies using human populations. In 1982 the Committee on Diet,
Nutrition and Cancer convened by the U.S. National Academy of
Sciences concluded that of all the dietary components it studied,
the combined epidemiological and experimental evidence is most
suggestive for a casual relationship between fat intake and the
occurrence of cancer [3]. Since then, experimental animal studies
have provided evidence both specific and non-specific that dietary

fat increases the occurrence of cancer [4].
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Epidemiological studies indicate a positive association with total
energy intake and pancreatic cancer {5, 6}, although it is recog-
nized that this effect could be ascribed to the increased intake of
carbohydrates. Controversial studies have been published which
do not find an association between dietary fat and pancreatic
cancer [7, 8]. However, other case-control studies demonstrate an
increased risk of pancreatic cancer with saturated fat and choles-

terol and reduced risk with intake of polyunsaturated fat [9, 10].

In order to reduce the racial/ethnic disparities in pancreatic
cancer incidence and mortality in the United States, it is impera-
tive to identify and characterize the molecular mechanisms and
pathways underlying these disparities. The long-term goal of the
pancreatic research being conducted at Loma Linda University is
to understand the biological basis of these disparities by establish-
ing a link between high consumption of dietary fat and the activa-
tion of oxidative stress-dependent cellular survival pathways. Asa
first step in this direction we propose to identify and characterize
cellular survival signaling pathways that are induced by increased
oxidative stress in the pancreas and that promote pancreatic can-
cer cell resistance to death. The rationale for studying oxidative
stress-mediated cellular survival pathways is that they are being
increasingly implicated in the development of chronic pancreatitis
and its suspected progression to pancreatic adenocarcinoma, a
disease that disproportionately affects African-American, Japa-

nese and Hispanic populations.

Despite several phase 11 trials of Chemo—radiothempy regimens,
no clinically meaningful gains have been made in the treatment
of pancreatic cancer. Potential approaches might include genetic
based therapies that attempt to eradicate cancer cells by manipu-
lating their intracellular genetic material with strategies ranging
from restoring the functions of mutated or missing tumor sup-
pressor genes to inhibiting the function of activated oncogenes.
One such strategy and the focus of the work currently ongoing
in my laboratory is to utilize the inhibitor of apoptosis protein
(IAP) survivin, as a therapeutic target as it is overexpressed in
cancer but undetectable in normal differentiated adult tissues.
Survivin expression in cancer appears to be associated with poor
prognosis with progressive disease and shorter patient survival
rates. Survivin is also expressed in the majority of pancreatic

adenocarcinomas and correlates with cellular proliferation and
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apoptosis. Our hypothesis is that oxidative stress activates sur-
vivin expression promoting pancreatic cancer cell resistance and
that by targeting survivin for destruction, oxidative stress-induced

cell death can be restored.

Pancreatic cancer is one of the most malignant tumors with a very
poor prognosis. Although pancreatic cancer has an incidence of
about 10 cases/100,000 persons, it is still the fourth male and
fifth female leading cause of cancer-related death in the Western
world [11]. In 2002, an estimated 30,300 new cases of pancreatic
cancer were diagnosed out of which 29,700 people died. Pancre-
atic cancer is difficult to treat, and it has a 5-year relative survival
rate of less than 5%. The incidence of the disease is higher in

men than in women, and it is more common among blacks than
any other ethnic group. A recent study by Silverman et al,,
involving personal interviews with 526 patients with pancreatic
adenocarcinoma found that among males, the established risk
factors (mainly cigarette smoking and diabetes mellitus) explain
almost the entire African American/non-Hispanic white disparity
in incidence. Among females, however, other factors appear to
contribute to the racial disparity, notably moderate/heavy alcohol
consumption and an elevated body mass index (obesity). It can be
concluded that in the absence of these factors, pancreatic adeno-
carcinoma incidence rates among African Americans most likely

would not exceed those among whites of either gender (12].

Until recently, whether clinicopathologic differences existed
between African Americans and Caucasians was not known. In
2003, a group at the Barbara Ann Karmanos Cancer Institute

in Detroit, Michigan analyzed a group of 410 pancreatic cancer
patients (166 African American, 244 Caucasian) for clinico-
pathologic characteristics of the disease; immunohistochemical
expression of biomarkers implicated in pancreatic carcinogenesis
(Fas, FasL, Her2, p21/waf-1, p27 and p53), the presence and
types of k-mutations at codon 12 [13]. Their results showed
African Americans as having a significantly higher rate of K-ras
mutations to valine than Caucasians and that African Americans
were much less likely to have received chemotherapy or radia-
tion therapy then Caucasians. African Americans also had more
frequent positive surgical margins than Caucasians. Many other
clinicopathologic variables were similar between the two groups

including median survival, 5-year survival and stage at presenta-




tion. Differences in biomarker immunoreactivity included less
frequent Fas expression and a trend toward more frequent strong

Her2 expression in African Americans than Caucasians [13].

The epidemiological evidence discussed above points to a link
between high consumption of dietary fat and an increased risk

of pancreatic cancer development. Increased risks for pancreatic
cancer has been associated with animal protein and fat consump-
tion and decreased risks, with intake of vegetables and fruits.
Methods of food preparation evaluated in several studies showed
an association of increased pancreatic cancer risk with high
consumption of salt, smoked meat, dehydrated food, fried food,
and refined sugar. An inverse association was found with the con-
sumption of food containing no preservatives and additives, raw
food, food prepared by high-pressure cooking, and food prepared
in an electric or microwave oven [14]. Most pancreatic cancers
are believed to arise from the ductal epithelium and are likely to
undergo multi-step progression to cancer, as observed in other di-
gestive tract tumors [15]. Other cancers associated with chronic
inflammation, such as Barrett’s esophagus [16] and ulcerative
colitis [17], share a similar progressive pathway to tumorigenesis.
Genetic instability has been observed in the non-neoplastic epi-
thelia of patients who have ulcerative colitis [18-20] and Barrett’s
esophagus [16], suggesting that this instability is an early step

in the neoplastic progression of gastrointestinal tumors associ-
ated with chronic inflammation. Hydrogen peroxide-induced
oxidative stress is likely to be a significant component of the tissue
damage associated with chronic inflammation [21]. Chronic
inflammation has been associated with the development of chro-
mosomal aberrations in both disorders that progress to neoplasia
such as ulcerative colitis [18] and non-neoplastic disorders such as
osteoarthritis (22]. In a recent study by Moskovitz and colleagues
[23], normal ductal cells were exposed to 5 micromolar hydrogen
peroxide after which the frequency of FISH abnormalities on
chromosome 17p compared to cells grown in media without hy-
drogen peroxide increased. This suggests that hydrogen peroxide
exposure is sufficient to induce genomic instability in human

pancreatic ductal epithelial cells.

Patients with chronic pancreatitis have a markedly increased risk
of pancreatic cancer, but the mechanism for this increased risk has

not been well understood. Patients with chronic pancreatitis and

no clinical evidence of cancer can have elevated levels of CA19-9
(24], mutations in K-Ras [25], TP53 overexpression [26], over-
expression of ErbB3 [27], elevated serum CA-50 (28], elevated
serum TAG-72 [29], altered expression of mucin genes [30], and
angiogenesis with enhanced ICAM-1 expression [31], suggesting

that molecular abnormalities begin before dysplasia is evident.

Both hereditary and sporadic forms of chronic pancreatitis are
associated with an increased risk of developing pancreatic cancer.
The combined increase in genomic damage and cellular prolifera-
tion, both of which are seen with inflammation, strongly favors
malignant transformation of pancreatic cells. Cytokines, reactive
oxygen species, and mediators of the inflammatory pathway

(e.g., NF-kappaB and COX-2) have been shown to increase cell
cycling, cause loss of tumor suppressor function, and stimulate
oncogene expression; all of which may lead to pancreatic malig-
nancy. Anti-cytokine vaccines, inhibitors of pro-inflammatory
NF-kappaB and COX-2 pathways, thiazolidinediones, and anti-
oxidants are being considered potentially useful for the prevention

or treatment of pancreatic cancers [32].

Recent studies have shown up-regulation of survivin in 77-88%
of pancreatic duct cell adenocarcinomas and survivin expression
in early stages of neoplastic transition in pancreatic cancer cells.
However, survivin was not detected in non-neoplastic acinar
parenchyma and pancreatic duct epithelium [33, 34]. In breast
cancer studies, 71% of breast cancers were positive for survivin
expression while surrounding normal tissues were negative. An
increase in the level of survivin contributed to a higher apoptotic
threshold and survival of these breast cancer cells [35]. Survivin
was also detected in 64% of human colorectal cancers. Survivin
has an unfavorable effect on these patients with colorectal cancer
in that survival rates were significantly lower that that of survivin
negative patients [36]. Furthermore, survivin has been shown to
be a radio-resistant factor in several human cancer cell lines such

as pancreatic, colorectal and melanoma [37-39].

Epidemiological evidence strongly points to a link between the
high consumption of dietary fat and the risk of cancer. Dietary
fat is an important source of fatty acids and lipids that are con-
verted into arachidonic acid and the key enzymes for arachidonic

acid metabolism, lipoxygenases (LOXs) and cyclooxygenases
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(COX:s) influence the development and progression of pancreatic
cancer [40]. It has been shown that both COXs and LOXs are
upregulated in human pancreatic cancer tissues. Inhibitor studies
revealed that blocking these enzymes inhibit pancreatic cancer
growth and induce apoptosis. Further investigations pointed out
that blockade of LOXs induce apoptosis through the intrinsic
mitochondrial pathways [41]. In a recent study by Krysan et

al, a mechanism for COX-2-mediated apoptosis resistance was
investigated [42]. In nonsmall cell lung cancer cells a decreased
ubiquitination of survivin was observed in cells overexpressing
COX-2. This resulting stabilization of survivin led to elevated
apoptosis resistance whereas enhanced ubiquitination in COX-2
antisense cells resulted in lowered survivin levels and in low resis-

tance to apoptosis.

However, the overall unsolved question remains: what is the
mechanism whereby survivin inhibits apoptosis? We have
recently found evidence that survivin colocalizes in the mitochon-
dria [43] and therefore may possess a role in apoptosis similar to
the pro-apoptotic Bcl-2 family proteins. We also asked whether
cellular stress stimuli influenced the expression and/or localiza-
tion of the mitochondrial pool of survivin. Exposure of HeLa
cells to hypoxia (~1% O2) caused a dramatic up regulation of
the IAP family protein cIAP2 agreeing with previous observa-
tions [44]. Hypoxia increased the levels of survivin approxi-
mately threefold as detected by Western blotting [43]. Further
analysis of the survivin promotor provided additional evidence
that survivin may be a HIF-1 target gene in that it was found to
contain 3 possible HIF-1 response elements (HREs) [45]. To
obtain full transcriptional activity HIF-1 will have to bind to the
DNA target sequence and recruit transcriptional cofactors such
as p300/CBP. Further analysis of isolated subcellular fractions
demonstrated that this hypoxia-induced survivin increase was
exclusively mitochondrial with very minimal changes occurring
in cytosolic pools. We also showed that dynamically expanded
mitochondrial survivin is rapidly released to the cytosol following
full-blown apoptotic stimulation where it exerts cytoprotection
by preventing the activation of initiator caspase-9. This pathway
has profound repercussions for tumor cell Viability, as expression
of mitochondrial survivin is sufficient to promote anchorage-
independent cell growth, ablate tumor cell apoptosis in vivo and

sustain exponential tumor growth [43].
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High intake of dietary fat appears to contribute to pancreatic
cancer development by driving the production over time of: 1)
molecules that enhance cell proliferation and angiogenesis, and
influence inflammation; and 2) reactive oxygen species (ROS)
that produce an Augmented State of Cellular Oxidative Stress
(ASCOS) in the pancreas. Redirection of experimental interests
toward pancreatic inflammation and oxidative stress and their role
in carcinogenesis may identify novel anti-inflammatory agents

or targets for treating and or screening for pancreatic cancer. In
regard to survivin, many important aspects of the biological
function and activity of survivin in anti-apoptosis and mitosis are
just beginning to be studied. Our hypothcsis that our studies are
being designed under is that oxidative stress activates survivin
expression promoting pancreatic cancer cell resistance and that
by targeting survivin for destruction, oxidative stress-induced cell
death can be restored. These studies are highly relevant because
they are likely to lead to the preclinical development of novel
therapeutic strategies for advanced pancreatic cancer, targeting
the TAP-mediated survival pathway. They are also expected to
yield valuable information that could be used for the design of
community-participatory preventive interventions aimed at reduc-
ing the disparities in the incidence and mortality of pancreatic

cancer in the Inland Empire of Southern California.
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Hyperthermic Intraperitoneal
Chemotherapy (HIPEC)

A New Program at LLUMC to Treat Peritoneal

Carcinomatosis
By Sharmilla Roy-Chowdhury, MD
Surgical Oncology, ACOS Cancer Liaison Physician

BACKGROUND

Peritoneal carcinomatosis has always been regarded as a terminal
condition. It is present in 10 to 30% of patients with gastrointes-
tinal cancer at the time of their initial surgery and is a frequent
finding in patients who develop recurrent cancer causing intestinal
obstruction and symptomatic ascites. Once diagnosed, it is a uni-

formly terminal disease, with a median survival of 6 months.

Peritoneal surface malignancy can result from seeding of gastro-
intestinal cancer or abdominopelvic sarcoma, breast carcinoma,
ovarian malignancy and can also occur as a primary disease, for

example, peritoneal mesothelioma.

Systemic chemotherapy is palliative in peritoneal surface malig-
nancy and generally provides limited improvement in survival.
It is inefficient because cytotoxic agents do not penetrate into
the peritoneal cavity at high enough concentrations to eliminate

microscopic residual disease effectively.

Cytoreductive surgery allows the relief of obstruction and removal
of macroscopic diseases, but the eradication of all peritoneal
disease, macro- and microscopic, remains impossible with

surgery alone. Intra-peritoneal chemotherapy infusion provides a
pharmacokinetic advantage of attaining high local concentrations
of chemotherapeutic agents, thereby allowing a concentration of
chemotherapeutic agent that is 12- to 15-fold greater than

tl’lC maximum fOICI"‘lth plasma concentration.
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WHAT IS HIPEC?

It essentially has two components.
1. Cytoreductive Surgery

Removal of all gross tumor and involved organs, peritoneum or

tissue deemed technically feasible and safe for the patient.
2. Intraoperative Chemotherapy

At the completion of cytoreduction, with the patients under gen-
eral anesthesia, heated perfusate containing a chemotherapy agent
is circulated throughout the peritoneal cavity for 90-120 minutes,
with temperatures maintained at 40-41 C. At the end of this, the

peritoneal cavity is washed out with Ringer’s lactate.

RATIONALE

Localization of certain malignancies within the parietal perito-
neum without distant metastasis makes an aggressive regional ap-
proach attractive. As systemic chemotherapy for peritoneal surface
malignancies is largely ineffective because of its limited entry into
the peritoneum, the foundation of treatment remains aggressive
surgical cytoreduction, because even the most ambitious perfusion
strategies penetrate but a few millimeters. Therefore, removal of
bulk disease is imperative and that allows perfusion to treat the

microscopic or small-volume residual disease.

Early studies confirmed the presence of a peritoneal-plasma parti-
tion by demonstrating that drugs delivered into the peritoneal

cavity have a clearance that is inversely proportional to the square
root of its molecular weight. Because of this partition, drugs with-
out lipophilic properties and high molecular weights have optimal

pharmacokinetic profiles for intraperitoneal application.

HIPEC is based on the rationale that hyperthermia affects cell
membranes, cytoskeletons, synthesis of macromolecules, and
DNA repair mechanisms. Furthermore, mild hyperthermia has
been shown to potentiate the antitumor effects of oxaliplatin,
mitomycin C (MMC), and cisplatin. Although hyperthermia has

some cytostatic properties, it is the synergetic effect on chemo-
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therapeutic agents that has led most centers to use hyperthermia
with chemoperfusion. Synergy between MMC and hyperthermia
occurs independently of the cell cycle, thus allowing for significant
tumoricidal activity with brief exposures. The primary objective of
HIPEC is to maximize drug-tumor interaction while minimizing
systemic toxicity. Although several agents have been tested, MMC

remains the most COﬂlﬂlOIl]y used 11gCIlt in HIPEC.

The timing of peritoneal perfusion is critical. Extensive evidence
shows that the effect of postoperative versus intraoperative perito-
neal pcrfusion is reduced by the rapid formation of intra-abdomi-
nal adhesions, as well as complications related to intra-abdominal
catheters. Intraoperative peritoneal perfusion not only allows

the instillation of chemotherapeutic agents in an adhesion-free
environment, but also minimizes the number of viable exfoliated
tumor cells after resection. Taken together, this represents the bio-
logic foundation for the current use of HIPEC in the treatment

of peritoneal surface malignancies.

TUMOR PATHOLOGY HIPEC
TREATS

The most important criteria is the disease has to be localized
to the peritoneum as this therapy is localized and is ineffective

against systemic disease.

Common Indications for HIPEC
Table 1
Median Survival After

Diagnosis of
Carcinomatosis (mo)

% With Peritoneal
Disease at Exploration

. Incidence
Patient Tumor

(cases/year)

Colorectal 130,000 10% - 30% 52
Cancer
Gastric Cancer 22,000 50% 3.1
Opvarian Cancer 27,000 75% 36
Peritoneal N
Mesothelioma 1,500 100% 12-17
Apendie] 500 31 N/A
Cancer

Patients with peritoneal sarcoma of GISt and non-GIST origin

are also treated.




ASSESSMENT OF INTRA-
ABDOMINAL TUMOR BURDEN

Pre-Operative Imaging

Preoperative imaging includes computed tomography (CT) scans
and positron emission tomography (PET). Patients found to
have extraperitoneal disease by any modality are excluded from

HIPEC.

The role of preoperative imaging in peritoneal carcinomatosis
work-up is mainly to detect solid organ and retroperitoneal pri-
mary or recurrent lesions. Sensitivity of CT scans is between 25%
and 37% for detecting peritoneal disease. Although PET imaging
is very sensitive for high-volume disease, in contrast to numerous
other tumor systems, it has been shown to have decreased sen-
sitivity (10%) for low-volume disease in patients with peritoneal
carcinomatosis. PET is of very limited value for low-grade or

predominantly mucinous 1CSiOHS, SUCh as pSCUdOIﬂyXOlT\J.

Pre-Operative Staging
Prior Surgical Score (PSS)

In an effort to correlate the role of prior surgery in the establish-
ment ofinrraperitone;ﬂ implants, Sugarbaker et al. introduced the
Prior Surgical Score (PSS). The assessment uses a diagram simi-
lar to that for PCI (see below-Fig 1) but excludes abdominopelvic
regions 9—12. The PSS accounts for the number and extent of

previous operations.

PSS 0: The patient has undergone only a biopsy.

PSS 1: Only one region dissected during an exploratory
laparotomy.

PSS 2: Two to five regions dissected during a previous
laparotomy

PSS 3: A prior extensive cytoreduction with more than

five regions

The PSS has been shown to be of prognostic value in PC second-
ary to appendiceal and ovarian primary tumors and peritoneal

mesothelioma.

Intra-Operative Staging
Intra-operative staging allows for a standardized assessment of

tumor burden. The most widely used and validated system is
Peritoneal Cancer Index (PCI) outlined by Sugarbaker.

The PCI quantitatively combines the distribution of tumor
throughout 13 ;1bdominopelvic regions with a lesion size score.
The lesion sizes are then summated for all abdominopelvic re-
gions. The extent of the disease within all regions of the abdomen
and pelvis is indicated by a numerical score from 0 to 39. Al-
though cumbersome, the PCI has been shown to have prognostic
value in gastrointestinal carcinomatosis and ovarian cancer, but

not in pseudomyxoma peritoni and peritoneal mesothelioma.

Fig 1. Peritoneal Carcinomatosis Index (PCI) staging system for

peritoneal carcinomatosis.

Regions Lesion Size Lesion Size Score

Central LS0 No tumor seen
LS 1 Tumor up to 0.5 cm
LS 2 Tumor up to 5.0 cm
LS 3 Tumor > 5.0 cm

or confluence

Right Upper R

Epigastrium

Left Upper R

Left Flank

Left Lower

Pelvis

Right Lower

Right Flank

Upper Jejunum
| 10 Lower Jejunum
| 11 Upper lleum

J.! | 12 Lower Tleum

PCI |:]

-
CENO VB W=

Completeness of cytoreduction is then listed using the R scoring

Systcm.
R Scoring system

RO: Complete removal of all visible tumor and negative
cytological findings or microscopic margins:

R1: No gross disease with positive microscopic margins

R2a:  Minimal residual tumor, nodule measuring < 0.5cm

R2b:  Gross tumor 0.5-2cm

R2c: Gross tumor >2cm
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OPERATIVE PROCEDURE

Cytoreduction

The hyperthermic chemoperfusion must be preceded by a com-
plete cytoreduction to maximize its therapeutic benefit. The goal
of cytoreduction is not simply debulking, but resection of all gross

tumor,

Cytoreduction is performed by stripping all involved peritoneal
surfaces, including subdiaphragmatic, porta hepatis, Glisson’s cap-
sule, lateral abdominal wall, pelvic sidewall, and limited visceral
peritoneal surfaces. Multivisceral resections (such as splenectomy,
large and small bowel resection, and hysterectomy) may be indi-
cated if the visceral peritoneal surfaces are extensively involved.
The falciform ligament, gallbladder, and greater and lesser omen-
tum are resected routinely. If a bowel resection is performed, any
anastomoses may be completed before or after HIPEC; ostomies

are complcted at the end Of the entire pI‘OCCdLlI‘C‘

Perfusion

HIPEC can be performed via either a closed or open technique.

Closed technique

Patients are cooled to a core temperature of approximately 34°C
to 35°C by passive measures (i.e., not warming airway gases or
intravenous solutions) during cytoreduction. After the completion
of cytoreductive surgery, peritoneal perfusion catheters are placed
percutaneously. Two outflow catheters (22F) are directed beneath
the left and right hemidiaphragms. One inflow catheter (32F) is
placed in the pelvis. Temperature probes are placed on the inflow
and outflow catheters. The abdominal skin incision is temporar-
ily closed with a running suture to prevent leakage of peritoneal
perfusate. A perfusion circuit is typically established with 3 L

of crystalloid solution. Flow rates of approximately 800 to 1000
mL/min are maintained by using a roller pump managed by a
perfusionist. The outflow catheters drain to a standard reservoir
containing a coarse filter to catch debris and reduce foaming.

The circuit continues through a single roller pump and a heat

exchanger to the patient.

The temperature of the fluid in the patient-return and patient-
directed tubing is monitored with stainless-steel couplers with
temperature probe connectors and needle probes at the tips of

one inflow and one outflow cannula. The chemotherapeutic agent
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is added to the perfusate once peritoneal surface temperatures
exceeded 39°C. Chemotherapeutic agents are selected on the basis
of the histological characteristics of the primary tumor. Mitomy-
cin C is commonly used for tumors of GI origin. Mitomycin 30
mg is added to 3L of Ringers’s lactate, which is the perfusate, and
10mg is added after 60 mins. A combination of cisplatin (50 mg/
m2) and doxorubicin (15 mg/m?2) is utilized to treat sarcoma,

ovarian carcinoma, and primary peritoneal carcinomas.

Additionally, patients who undergot diaphragmatic stripping
or resection undergo placement of a thoracostomy tube to treat

expected postoperative pleural effusion.

Open technique
The open abdominal cavity technique involves covering the abdo-
men with a plastic sheet during the circulation of hyperthermic

chem otherap eutic agents .

Proponents of the open abdominal cavity technique believe that
it provides optimal thermal homogeneity and spatial diffusion.
However, supporters of the closed technique suggest that the
increased intra-abdominal pressure of the closed abdomen drives
deeper penetration of agents. Furthermore, the closed-cavity
technique minimizes the surgical team’s exposure to liquid-phase
and aerosolized chemotherapy in the operating room. To date, no

prospective trials have compared the two techniques.

Morbidity and Mortality

The most common complications of HIPEC include abscess,
bowel fistulas, prolonged ileus, pneumonia, and hematological
toxicity. Morbidity rates range between 27% and 56%. The rate of
postoperative complications is related to the stage of carcinomato-

sis, the duration of the operation, and the number of anastomoses.

The mortality rate has been reported to be between 0% and 11%.
The most common causes of death are bowel perforation, bone
marrow suppression, respiratory failure, sepsis, and pulmonary
embolism. Factors that predict mortality include malignant

ascites, poor performance status, and bowel obstruction.

The morbidity and mortality are significant because of the extent
of surgery necessary to obtain optimal cytoreduction. However
these morbidity and mortality rates must be compared with the

dismal outcomes without such therapy.




CLINICAL OUTCOMES FOR HIPEC BY TUMOR TYPE

Colorectal Cancer

% Survival by Years

Chief Investigator Design Pa(tlisnt HIPEC IE:I(::::;’ l\[ec(izzliz:w)/ival
Verwaal Amsterdam Phase ITI 2004 54 MMC arm 22 22 67 44 - - -
51 Control arm 13 56 22 - - -
Rossi Padova Iraly Phase IT 2003 46 é/llsl;/[lact; 15 18 68 31 - - -
Di Filippo SITILO- Traly Phasell 2003 9 MMC B A
Levine Winston- Salem Phase IT 2004 77 MMC 15 16 56 - 25 - 17
Gilly Lyon, France Phase IT 2004 53 MMC 60 13 55 - 32 - 11
Glehen Multi-Centers Phase IT 2004 506 Ol\irlicat/in 53 19 72 - 39 - 19
Morris Sydney Phase IT 2005 30 MMC 12 30 71 62 - - -
Kecmanovic Belgrade Phase IT 2005 18 MMC 21 15 - - - - -
Elias Villejuif, France Phase IT 2005 30 Oxaliplatin 55 60 97 73 53 49 -
Zoetmulder Amsterdam Phase IT 2005 117 MMC 46 22 75 - 28 - 19
Sugarbaker Washington Phase IT 2005 70 MMC 47 33 88 - 44 - 32
Gastric Cancer % Survival by

Years

No. of Median Survial

Morbidity Mortali
Patients (months) orbidity ortality

Glehen et al. 49 MMC 10 48 20 16 27% 4%
Hall ecal. 34 MMC 8 27 23 6 35% 0
Yonemura et al. 48 MMC' = - - 61 19% 4%
Cisplatin
MMC,
Yonemura et al. 83 Etoposide - 43 - 11 7% 1%
Cisplatin

Pseudomyxoma Peritonei

Pseudomyxoma peritonei has been considered the classic indication for HIPEC. Pseudomyxoma peritonei is an extremely rare lesion
with a median survival of 6 years in surgically treated patients. In 1999, Sugarbaker and Chang showed an 80% 5-year actuarial survival in
250 patients who had a complete cytoreduction of appendiceal malignancy. Mansfield reported his own 5-year actuarial survival of more

than 75%. Witkamp et al. reported a 3-year actuarial survival of 81%.

Peritoneal Mesothelioma
Similar benefit with comparison to historical controls has been reported with another rare disease, malignant peritoneal mesothelioma. In
contrast to a median survival of approximately 9 months reported in the literature, cytoreduction combined with HIPEC have resulted in

median survival times of 34 to 67 months.

Palliation of ascites is an essential consideration in the treatment of peritoneal mesothelioma. Studies show an 86% to 99% relief from
ascites after HIPEC for malignant mesothelioma. Together, these data suggest that patients with mesothelioma are excellent candidates
for HIPEC.
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Malignant Peritoneal Mesothelioma

Median Survial ~ Relief From
e(mont: )‘ ¢ Ae ) Morbidity ~ Mortality
s scites
Costamagna et al. 19 MMC, Cisplatin, Doxorubicin 40 - 26% 11%
Sugarbaker et al. 68 Cisplatin, I?oxorublcm, 67 99 24% 7%
Paclitaxel

Deraco et al. 19 MMC/ Doxorubicin, Cisplatin - 94 25% 0%
Loggie et al. 12 MMC 34 86 8% 8%
Park et al. 18 Cisplatin PE 26 OS, NR 90 24% 0%

MMC - mitomycin C; PF - progression-free survival; OS - overall survival; NR - not reported

Peritoneal Sarcomatosis

Peritoneal sarcomatosis most commonly results from gastroin-
testinal stromal tumors (GIST) and retroperitoneal sarcomas.
Recurrence rates range between 25% and 85% even after complete
resection during the initial operation. Moreovert, there is no
evidence that adjuvant therapy affects the prognosis of these
patients. A recent phase I study from Italy evaluated the utility of
IPHC in 60 patients with peritoneal sarcomatosis. The median
time to local progression was 22 months, and the median overall
survival was 34 months. Histological grading and complete-

ness of cytoreduction (CC) were key prognostic indicators. The
treatment of GIST with imatinib mesylate has demonstrated
impressive response rates in visceral disease, and IPHC should
be used only for chemotherapy failures. Patients with peritoneal
sarcomatosis from non-GIST sources, although unusual, are also
candidates for IPHC.

Ovarian Cancer

The conventional therapy for stage III/TV ovarian cancer consists
of debulking surgery followed by systemic cisplatin and paclitaxel.
However, many patients will experience recurrent disease within
5 years. There is no consensus on the treatment of women with
persistent or recurrent ovarian cancer after frontline therapy of
cytoreduction and chcmothcrapy As a result, HIPEC for ovarian
cancer has been investigated in phase I/1I studies. Investigators
from the National Cancer Institute of Milan performed a phase II
trial with cisplatin and MMC perfusate in 27 patients with recur-
rent ovarian cancer. The 2-year overall survival was 55%, and the

median time to local progression was 21.8 months. However, un-
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like gastrointestinal sources of PC, ovarian cancer is much more
responsive to systemic therapy; this suggests that HIPEC may be
most useful as a secondary procedure after initial platinum-based

therapy has failed.

HIPEC PROGRAM AT LLUMC

The program was established here in 2007, with the first patient
being treated in June, 2007. The procedure is performed here by
the closed tcchnique, using a perfusion machine, which is FDA
approved for this procedure. The patients undergo careful evalu-
ation and extensive work-up to determine their suitability for
the procedure and to optimize benefits and minimize the risk of

complications.




Gastrointestinal Cancer

Genetics
By Pam Esquivel, NP,
Surgical Oncology Nurse Practitioner

COLORECTAL CANCER

Colorectal cancer (CRC) is the most common type of gastrointes-
tinal (GI) cancer. It is the third most common cancer diagnosis in
the United States and it accounts for about 10% of cancer deaths.
The American Cancer Society (ACS) estimates that 112,340 new
colon cancer cases and 41,420 new rectal cancer cases will be diag-
nosed, with 52,180 deaths expected in 2007. Greater than 90% of
those diagnosed with CRC are over 50 years of age. The average
risk for developing CRC is 6%, or 1 in 17. Most cases, roughly

75-80%, are sporadic cancer, that is, having no genetic component.

Approximately 20% of cases are familial colon cancer, with at least
2 family members diagnosed with the disease. The familial form
suggests an underlying genetic mutation, common environmental
exposures or a combination of both. Undiscovered genes and
genetic factors together with non-genetic risk factors may con-
tribute to development of colorectal cancer. The ACS estimates
that 3-5% of all CRC is associated with a known inherited colon
cancer syndrome, that is, cancer develops due to a genetic muta-

tion in specific genes.

Approximately 3-4% of all CRC are due to hereditary nonpoly-
posis colorectal cancer (HNPCC), or Lynch Syndrome. This
syndrome is associated with colon and endometrial cancers, as
well as cancer of the stomach, ovary, small intestine, hepatobiliary
tract, ureter and kidney, pancreas, brain or skin. The risk of colon
cancer is 70% to 90% in these patients. This type of cancer is
usually diagnosed at an earlier age, younger than 50. The tumors
are often in the proximal colon. The risk of endometrial cancer is
30-60% for the mutation carriers, whereas the general population
risk is 3%. These patients may also have colon polyps, but only a
few. The associated germline mutation is in one of these known
genes: hMSH2, hMLH1, hMSHS6, and PMS2, which are DNA
mismatch repair genes. About 45-70% of HNPCC families

will show mutations in these genes. The normal function of the
mismatch repair proteins is to maintain the integrity of the DNA
code and ensure accurate DNA replication. When one or more of
these proteins is not functional, the DNA code is more prone to
errors that accumulate over time, causin g cancer. Certain criteria
have been established to help identify patients who are at a higher
risk to be diagnosed with and therefore should be tested for
Lynch Syndrome. One tool is called the Amsterdam Criteria and

;111 Of tllC fOHOWng must bC met:

+  Three relatives with CRC or Lynch-related cancer.

+  One of these relatives is a first-degree relative of the other
two

+  The cancer affects two or more successive generations

+  One case of cancer was diagnosed when the relative was

younger than 50

Another tool is called the Bethesda Criteria and any one of the

following must be met:

+  CRC diagnosed in relative younger than 50

+  Presence of synchronous, metachronous CRC or Lynch-
associated tumors, regardless of age

+  CRC consistent with MSI-H (presence of tumor-infiltrating
lymphocytes, Crohn’s-like lymphocytic reaction, mucinous
or signet-ring cell differentiation, meduallary growth pattern

+  CRC diagnosed in one or more relatives, with at least one
case diagnosed before age 5

+  CRC diagnosed in two or more relatives, regardless of age.

For those who do not have cancer, but have tested positive for

a genetic mutation associated with HNPCC, annual screen
colonoscopy should begin between the ages 20-25. Because of the
high rate of synchronous and metachronous CRC in HNPCC

kindrcd, subtotal COICCKOI’DY thS bCCIl rccommcnded foﬂowing thC

first diagnosis of CRC.
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Familial adenomatous polyposis (FAP) accounts for about 1%

of all colorectal cancer. The diagnosis is made when hundreds to
thousands of adenomatous polyps are found affecting the entire
colon, and at a young age. Penetrance is virtually 100% by age 35,
and CRC risk is nearly 100% with the average age of diagnosis

at 39. Those with FAP are also at risk to develop adenomas and
cancer of the duodenum, rectum and for desmoids tumors, osteo-
mas, thyroid cancer, hepatoblastoma, and other hepatopancreatic

tumors.

Another attenuated form of FAP (AFAP) is demonstrated in
patients having a much lower number of polyps, and a more
proximal colonic location of polyps and cancer. The risk of CRC
is 80% by age 70.

FAP arises from germline mutations in the APC gene. In 30%
of patients with multiple adenomas (15-100), testing negative for
APC mutations may carry a mutation in the MYH gene. A low
penetrance mutation in APC, I1307K, has been identified as a

founder mutation in the Ashkenazi Jewish population.

Testing for FAP in family members should begin at age 10-12;
include APC gene testing, and sigmoidoscopy. Those with AFAP
may not have adenomatous polyps occurring until their 20s or
30s, and age of surveillance for these patients has not been clearly
identified. Prophylactic colectomy is the treatment of choice for
those affected by FAP and AFAP, with lifetime surveillance for

extracolonic tumors.

GASTRIC CANCER

The ACS estimates that about 21,260 Americans will be diag-
nosed with stomach cancer in 2007, with 11,210 deaths. The
average age ofdiagnosis is 79 years. The average risk is 1 in 100.

Gastric cancer is more common worldwide.

Gastric cancers have been observed with those patients with Li-
Fraumeni Syndrome (mutations in p53 and CHEK2 genes), as
part of both HNPCC and FAP, and is seen in excess in BRCA1
families. Hereditary diffuse gastric cancer (HDGC) is a poorly
differentiated adenocarcinoma that infiltrates into the stomach
causing wall thickening without forming a distinct tumor mass.
It has also been referred as signet ring cancer or isolated cell

type cancer. These patients are diagnosed at a young age, with
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an average age of 38. The cumulative risk of gastric cancer for
men is 67% by age 80 and 83% for women. In addition, women
with HDGC are at an increased risk of developing breast cancer,
especially lobular cancer. Early onset colon cancers have also been

rcportcd.

Mutations in e-cadherin gene (CDH-1) are found in up to 48%
of diffuse gastric cancer kindreds. Screening for these patients
with endoscopy can be performed, however the tumors spread
submucosally, rather than forming a visible mass, therefore endo-
scopic biopsies will detect less than or equal to 50% of infiltrative
tumors. Therefore, prophylactic gastrectomy has become part of

the management of HDGC.

PANCREATIC CANCER

Pancreatic cancer will be diagnosed in 37,170 Americans in 2007,
with 33,370 deaths, according to the American Cancer Soci-

ety. The lifetime risk of developing pancreatic cancer is 1 in 79
(1.27%). A small number of cases of chronic pancreatitis appear
to be due to a mutation in the PRSS1 gene. These patients have
a lifetime risk for developing pancreatic cancer of 40-75%. Other
genetic mutations that increase the risk for developing pancreatic
cancer include BRCA?2, those with HNPCC and those with
Peutz-Jehers Syndrome (mutations in STK11 gene). In addition,
those with mutations in the CDKN2A/p16 are diagnosed with

Hereditary Melanoma Pancreatic Cancer Syndrome.

GENETIC TESTING

With the advent of new technologies, and the ability to per-

form DNA sequencing, testing for mutated genes suspected in
signiﬁcandy increasing risk of certain cancers can be performed
and are more accurate than in the past. Currently, at Loma Linda
University Medical Center, testing is performed for Hereditary
Breast and Ovarian Cancer Syndrome (BRCA1 and BRCA2),
HNPCC, FAP, AFAP, and for Hereditary Melanoma Pancreatic

Cancer Syndrome.
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Terms Used

ANALYTIC

A case is considered analytic is the patient was first diagnosed
and/or received all or part of the first course of cancer-directed
treatment at this facility. This also includes patients first diag-

nosed at the outpatient clinic, but receiving no treatment.

NON-ANALYTIC

A case is considered non-analytic ifa complete course of cancer-
directed therapy was received at another institution or when

diagnosed at autopsy.

Analysis in which survival statistics are calculated using the
actuarial method for observed survival rates and which includes
patients with varying lengths of observation and patients lost to

follow-up.

Extent of disease process determined prior to first course of treat-
ment. LLUMC uses the SEER (Sutveillance, Epidemiology, End
Results) Extent of Disease and the American Joint Committee on

Cancer (AJCC) TNM Staging Systems.
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