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To the administering radiologist
Evergreen Radia Imaging Center

Dear sir or madam-—

I will be undergoing a CT scan of the chest, abdomen and pelvis at Evergreen Hospital
on 9/7/10. I had extensive surgery in 2005 for a cancer that is unusual but not
rare—pseudomyxoma peritonei, or appendix cancer.

Over the past five years, I have learned that there is little understanding of this
disease in the Seattle area. I have been a member of Group Health for many years;
this is the first time that my CT scans will be performed at Evergreen Hospital. I am
providing this documention to give Evergreen the most current information about this
disease, and also to help prepare the way for others who are diagnosed with appendix

cancer.
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Pseudomyxoma peritonei is a mucinous neoplasm which originates in the appendix.
While less aggressive and invasive than some types of appendix cancer,
pseudomyxoma peritonei is definitely malignant.

Until Dr. Paul Sugarbaker came along in the 1970s, this cancer was believed to be a
uniformly fatal disease. He developed surgical techniques to remove all visible cancer
from the abdomen such as the peritonectomy procedures, and pioneered the use of
intraoperative and perioperative hyperthermic intraperitoneal chemotherapy.

I had a very advanced case of appendix cancer in 2005. My local doctors offered me a
course of repeated debulkings, paracentesis, and death within two to three years. I
made my own way to Dr. Sugarbaker, was denied the surgery by my insurer, wrote a
winning appeal to persuade them to pay for it.

I underwent a fourteen-hour cytoreductive surgery with Dr. Sugarbaker in October
2005. I have remained completely free of disease since then, and have not needed
any medical treatment of any kind.

My tests and scans have been consistently misinterpreted and misread over the years.
I do all that I can to further understanding of this disease, and to manage my own
case so that I get appropriate care for this disease.
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I ask that I may have a CD for me to mail to Dr. Sugarbaker for his review, and a copy
of the radiologist's report for my files.

I have written sixty-one insurance appeals for other patients over the past five year—
twenty-four for patients with this disease. I have helped many patients to get to Dr.
Sugabaker and other expert surgeons. | am more than happy to discuss both my own
results, and any aspect of this disease.

Sincerely,

Laurie Todd

cC:

Richard W. Satre, MD
President
Radia

John W. Little, MD
Chief Medical Officer
Radia

Chris Krol, MD
Medical Director
Evergreen Radia Imaging Center
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DOB: 4/2/50
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MEDICAL STORY

Beginning
3/17/05

On 3/17/05, 1 visited Group Health complaining of a distended abdomen and fatigue.
After palpating my abdomen, the nurse brought in a doctor, who ordered a CT scan for
the following day.

The CT scan showed extensive tumors and ascites. The doctor met with me, discussed
the possibility of Stage-IIl or Stage-IV ovarian cancer, and referred me to an OB/GYN
surgeon.

First surgery
3/24/05

On 3/24/05, I underwent an 8-hour surgery by Dr. James Jefferson* at Group Health
Hospital in Redmond. During this surgery, numerous large tumors and ascites were
removed, a hysterectomy was performed, and a section of the colon was resected, and
part of the omentum was removed.

Pathology slides were sent to Johns Hopkins. Two weeks after the surgery, the
assisting surgeon called me, "You don't have cancer. It's benign. Enjoy the rest of
your life. What you had is called 'pseudomyxoma peritonei."”

Two weeks after that phone call, I saw Dr. Jefferson for the post-operative visit. He
asked me if I was "working with the oncologists at Group Health." Isaid, "Dr. Smith*
told me that I didn't have cancer.” "We're just arguing semantics here,” he replied,
"You have cancer. Pseudomyxoma peritonei is cancer of the appendix.”

He went on to tell me that, in his estimation, I had a 30% chance of recurrence in three
years.

The Oncologist
June 2005

I was then referred to Dr. Jones*, the Chief of Oncology at Group Health. When 1
mentioned Dr. Jefferson's prediction that I had a 30% chance of recurrence in three
years, he replied, "I don't know where he gets his figures. You have two good years
left."

Dr. Jones mentioned "two years" several times; I asked him, "Why two years?" He
replied, "In my career, | have seen two patients with this pseudomyxoma peritonei. It
took two years for them to go downhill."

Dr. Jones was in his sixties. It seemed surprising that a scientist would base such a
statement on a population of two patients.
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When I asked about treatments, Dr. Jones replied, "There is no treatment for your
disease. And, even if there were, they wouldn't pay for it."

I found this remark to be very motivating. I determined to apply myself to studying my
disease, and the treatments for it.

Dr. Sugarbaker
July 2005

It didn't take long to discover that there was an effective treatment for my appendix
cancer which had metastasized throughout the abdomen-—cytoreductive surgery and
heated intraperitoneal chemotherapy (HIPEC).

Dr. Sugarbaker in Washington, D.C. was the obvious pioneer in the field of abdominal
cancer surgery. He had pioneered both the use of HIPEC, and the techniques of
cytoreductive surgery. He had performed over 2,000 of these surgeries over a period of
thirty years, and documented his approach and his outcomes in over 700 peer-
reviewed medical journal articles, books and chapters (Add. 1).

I had received a debulking surgery at Group Health. There are three differences
between debulking and cytoreductive surgery:

1. Intent. Debulking surgery is palliative, cytoreductive surgery is performed with
curative intent.

2. Peritonectomy procedures. If any cancer has metasized within the abdomen, it
has seeded into the peritoneum, and the affected part of the peritoneum needs
to be removed. Dr. Sugarbaker developed the peritonectomy procedures.

3. Cytoreduction to 2 mm. The standard for debulkings leaves tumor nodules up
to one centimeter, which is pretty much a guarantee of recurrence. In a
complete cytoreduction, all visible tumor is removed—down to a size of 2 mm.

Why 2 mm? Because studies have shown that the heated intraperitoneal
chemotherapy can only penetrate nodules up to the size of 2 mm.

Cytoreduction removes all visible tumor, everywhere in the abdomen. These exacting
surgeries can take up to twenty hours. The HIPEC takes care of the microscopic
disease that is left, and ensures that cancer cells do not get the chance to adhere to the
scar tissue that will soon set up on all of the surfaces which were cut during the
surgery.

The Chief of Oncology at Group Health suggested a plan of "watching and waiting" until
the tumors grew large again, and then to embark on repeated debulkings and
paracenteses to manage the recurrences.

When [ told Dr. Jones that this plan did not appeal to me, he suggested that I see Dr.
Peter Peterson* at the University of Washington, saying, "He is doing something like
Sugarbaker."
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Dr. Peterson*

When I interviewed Dr. Peterson, he told me that he had performed twelve of these
surgeries, and he had no idea how his patients were doing.

He went on to say, "l hate doing these surgeries. I wish that they would quit sending
these people to me." His oncologist then misprounced the name of my disease.

I chose not to entrust my digestive system to this person.

The appeal

I submitted my records to Dr. Sugarbaker; his office scheduled a consultation in
Washington, D.C. in August 2005. At that visit, he performed a physical exam, and
explained his treatment plan for me (see pp. 4-5).

The surgery was scheduled for 10/4/05.

Group Health denied the request for pre-authorization, as Dr. Sugarbaker was out-of-
network, and I had no out-of-network benefit.

I spent one month working full-time on my appeal. Three days after receiving my 23-
page appeal document, Group Health decided to fully fund my treatment with Dr.
Sugarbaker. They signed a single-case contract with Dr. Sugarbaker's office.

Cytoreductive surgery

On 10/4/05, I underwent a fourteen-hour surgery by Dr. Sugarbaker. Dr. Sugarbaker
removed my gall bladder, spleen, another large section of colon, the parts of the the
omentum that were left after the first surgery. Peritonectomy procedures were
performed, and the affected parts of the peritoneum removed. Dr. Sugarbaker scraped
tumors off the pancreas, and spent several hours removing tumor from the underside
of the diaphragm. Samples of all of these parts were submitted to pathology, and all
were positive for pseudomyxoma peritonei.

This treatment included two hours of intraoperative heated intraperitoneal
chemotherapy, delivered by open perfusion. The treatment also included four
additional days of intraperitoneal chemotherapy, during which [ was turned every two
hours to maximize distribution of the chemotherapy agents (see pp. 6-10).

Dr. Sugarbaker was able to acheive a complete cytoreduction.
I experienced a host of complications—pancreatitis, sepsis, drug-resistant urinary
tract infection, and a pulmonary embolism. I was in the hospital for forty days

(see pp. 11-13).

I have not had any recurrence of cancer, and I have not needed any medical treatment
since I left Washington, D.C. five years ago.
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Surveillance

For the first five years post-surgery was an every-six-months CT scan of chest,
abdomen, and pelvis—done according to Dr. Sugarbaker's instructions (see page 7).

Since I am at five years with no evidence of disease, I now graduate to one CT scan per
year.



110 lrving Street, NW
Washington, DC 20010-2975

Washington Phone: 202 877 3901
Washington
Cancer Institute
Dr. Paul H SUgarbaker Pt Name: Todd, Laurie
Whe 110 Irving St. Nw MRN: 2570394
Washington, District of Columbia DOB: Apr 02, 1950
USA 20010
Author: Dr. Paui H Sugarbaker Date: Aug 08, 2005

Patient: TODD, LORI
MRECNO: 2570394
Date of Visit: 08/08/2005

This encounter summary is dictated in the presence of the patient. We will also be sending her a copy of this encounter
summary as it becomes available about Wednesday of this week.

This is the first Cancer Institute visit for this 55-year-old woman who ‘comes in with a chief complaint of adenon{ucinosis
from an appendiceal tumor.

This patient was in good health up untit approximately November of 2004. She noted increasing abdominal girth, fatigue,
and just feeling poorly. As a result of this, she went to see her HMO. A CT scan was performed. She then was taken to
the operating room March 24, 2005. She had a debulking procedure which consisted of an omentectomy, hysterectomy,
and bilateral salpingo-oophorectomy, and appendectomy. The final diagnosis was appendiceal mucinous tumor with
extensive adenomucinosis. The pathology was reviewed by Drs. Kurman and Ronnett at John Hopkins and they agreed
with the diagnosis of adenomucinosis.

The patient has recovered well from her surgery and now has normal bladder and bowel function.

Her past medical history is unremarkable. She has no alle; rgies io medicines and no prior serious ilinesses, including no
diabetes, asthma, heart disease, stroke deep vein thrombosis, or pulmonary embolus. She does not drink or smoke and
is not on medication.

Her father died in an airplane accident. Her mother is alive and well at age 82. She has 1 brother and 1 sister who are
well except that her sister has diabetes and high blood pressure.

The patient brings along with her a CT scan performed in June of 2005. |looked at it with her. There is a small volume of
tumor beneath the right hemidiaphragm in and around the falciform ligament. There are some strands of tumor in the
residual greater omentum. The small and large bowel appear to be normal without tumor involvement of the mesentery.
There is a small volume of ascites within the pelvis and some tumor nodules associated with the apex of the vagina.

Physical examination: HEENT: Negative. Nodes, including Virchow node unremarkable. Chest: Clear to auscultation.

Electronically signed by: Dr. Paul Sugarbaker
Page: 1



Pt Name: Todd, Laurie Attachment 5
MRN: 2570394
DOB: Apr 02, 1950

Heart: No murmur. Normal sinus rhythm. Breasts: Not examined. Abdomen: A well-healed abdominal incision without
masses. Vaginal examination: Unremarkable. Rectal examination reveals several nodules within the cul-de-sac. The
uterus and ovaries are absent. The stool was tested for blood by Hemoccult and is negative.

In summary, this is an otherwise healthy 55-year-old woman who has pseudomyxoma peritonei syndrome. She has a
small volume persistent and progressive disease by both CT examination and physical examination.

The treatments that we offer here at the Washington Cancer Institute are combined treatments that use cytoreductive
surgery plus intraperitoneal chemotherapy. The surgery that would be required involves greater omentectomy and
splenectomy, a stripping of the undersurface of the right hemidiaphragm, and a pelvic peritonectomy probably involving the
removal of the last approximately 18 inches of the large bowel. Whether there would need to be a stripping of the left
subphrenic space is unknown. We usually perform a cholecystectomy and a lesser omentectomy. | am hopeful that the
right colon can be stripped clean of disease and | am hopeful that there will be no involvement of the stomach. By CT
scan, these structures appear clear.

After all the tumor has been removed, then the skin edges would be elevated and the patient would received heated
intraoperative intrapéritoneal mitomycin C. For the first 5 postoperative days, she would require intraperitoneal 5-
fluorouracil.

I would estimate the extent of cytoreduction as moderate. | would estimate the time in the 6perating room at about 9
hours. | would estimate the stay in the hospital at approxnmately 21 days.

There are some adverse consequences that may occur as a result of this. Perhaps the worst is incomplete cancer
removal. This means that the longterm prognosis is very poor and the success at 5 years is 0 in our experience. | think
the likelihood of this poor result is about 20%. Another adverse event is postoperative death. The postoperative death
rate is 2% in our series of patients. It may be lower than that in this patient who is young and very fit. The major
complication rate is 18%. The major complications are but are not restricted to heart attack, stroke, pulmonary embolus,
deep vein thrombosis, re-operation for bleeding, re-operation for infection, low white blood cell count which may result in
severe infection, pancreatitis, and fistula which is a leak from the bowel into the peritoneal cavity.

It is ‘unlikely that this patient would need an ostomy. | will estimate the likelihood of a temporary ostomy at about 40%.

The likelihood of a permanent ostomy is low; | will estimate it at approximately 20%. 1 think that sexual dysfunction is not a
problem. | think that nutritional support after leaving the hospital is not a problem. The probability of success at 20 years
with this approach in our experience is 80%. | think that the probability of longterm success with alternative treatments
such as serial debulking is 0% at 20 years.

At this institution, this is the standard of care. However, with this rare disease one must realize that the peritonectomy
procedures are not performed by many surgeons in the United States and the use of chemotherapy with this extensive
surgery is also very seldom practiced in the US. These chemotherapy agents are our standard of care for this disease but
they are not specifically approved for the use of this rare disease nor specifically approved for the use with heat. However,
1 would hasten to add that this is.the standard approach to adenomucinosis from an appendiceal malignancy. The practice
of serial debulking is in my opinion now borderline malpractice.

If the patient is treated here, she will need to give us a yearly update regarding her status. | am sorry | cannot make any
guarantees regarding the outcome, either the occurrence of complications or the longterm survival. Following this
dictation, | did my best to answer any ciestions that the patient had regarding the disease process or regarding the
proposed treatments.

Electronically signed by: Dr. Paul Sugarbaker
Page: 2
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WASHINGTON HOSPITAL CENTER

OPERATIVE REPORT
- PATIENT: Todd, Laurie A ‘ MEDICAL RECORD NO. 257-03-94
OPERATION DATE: 10/04/2005 DATE OF BIRTH: 04/02/1950
SURGEON: PAUL H SUGARBAKER, MD SSN: 396-54-8299
FIRST ASSISTANT: '
SECOND ASSISTANT:

PREOPERATIVE DIAGNOSIS: Appendix neoplasm with pseudomyxoma peritonei syndrome.

POSTOPERATIVE DIAGNOSIS: Appendix neoplasm with pseudomyxoma peritonei
syndrome. .

LIST OF OPERATIVE PROCEDURES

1. Excision tumor abdominal wall.

2. Left upper quadrant peritonectomy, partial.

3. Greater omentectomy.

4. Splenectomy.

5. Right upper quadrant peritonectomy.

6. Cholecystectomy.

7. Lesser omentectomy.

8. . Right colectomy with anastomosis.

9. Pelvic peritonectomy:.

10. Excision apex of the vagina.

11. Left colectomy with low anastomosis.

12. Intraoperative heated chemotherapy with mitomycin-C 27 mg.
13. Tenckhoff catheter for 5FU chemotherapy 1080 mg x4 days.
14. Right chest tube. '

ANESTHESIA: Orotracheal general.

TIME FOR THE PROCEDURE: 10 hours.

ESTIMATED BLOOD LOSS: 400 mL.

REPLACEMENT: 2 units of packed red blood cells and zero fresh frozen plasma.
.INDICATIONS : This 55-year-old woman is November 2004 noticed increasing abdominal girth.

Then March 24, 2005 she had a hysterectomy and bilateral salpingo-oophorectomy, left
colectomy and appendectomy. A diagnosis of pseudomyxoma peritonei syndrome was made.

- 10 -
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WASHINGTON HOSPITAL CENTER
OPERATIVE REPORT

PATIENT: Todd, Laurie A MEDICAL RECORD NO. 257-03-94
OPERATION DATE: 10/04/2005

She had a CT scan just prior to this operation which showed diffuse disease confined to the
abdomen and pelvis.

DESCRIPTION OF PROCEDURE: Under adequate orotracheal anesthesia with the patient in
the supine position, the legs were placed in St. Mark's stirrups. A Foley catheter was placed in
the bladder, nasogastric tube was placed in the stomach and later confirmed to be within the
body of the stomach.

The abdomen was prepped and draped in the usual fashion. A midline abdominal incision was
made in an elliptical fashion, excising the umbilicus and the old abdominal incision. We excised
the epigastric fat pad, the tumor beneath the abdominal wall and the preperitoneal fat. The
xiphoid process was also removed. This constituted excision of tumor from the abdominal wall.

Now, the Thompson retractor was inserted and we could explore the abdomen. There was diffuse
pseudomyxomatous mucin deposits virtually everywhere. It was layered out beneath the right
hemidiaphragm and under the left hemidiaphragm between the left lateral segment of the liver
and the diaphragm. There was disease in both the greater and lesser omentum. The gallbladder,
especially the fissures on the side of the gallbladder, was heavy with disease. The
hepatoduodenal ligament on its anterior and posterior aspects was layered by tumor. The omental
bursa had a layering of tumor in it that we would debride rather than strip the omentum. The
small bowel had diffuse tumor on its surface but this could, for the most part, be wiped away.
What was not wiped away was scissor debrided using the curved Mayo scissors. The pelvis was
filled with fluid and also with established tumor. The old colorectal anastomosis was the site of
large volume disease. Also, the apex of the vagina was heavily involved by the tumor as was the
surfaces of the pelvis. There was a mass in the base of the cecum which looked like a residual
appendix. It was obviously a residual mucocele. It was intimately involved with the terminal
ileum and cecum and would require a right colectomy in order to remove it. Deep in the pelvis,
there was multiple nodules associated with the descending colon and the old anastomotic site.
This obviously would also need to be removed if a curative approach were to be entertained. It
looked to us as though a complete cytoreduction could be achieved.

Our first dissection was the left upper quadrant peritonectomy. This was a partial peritonectomy
of the tumor that had accumulated between the left lateral segment of the liver and the
undersurface of the left hemidiaphragm. There was also tumor deep beneath the spleen and as the
spleen rubbed up against the diaphragm, there was moderate volume tumor. This was all stripped
away and submitted to the pathologist with the splenectomy specimen.

Now, the greater omentum was re-excised. All the branches of the gastroepiploic on the stomach
were ligated on the stomach with 3-0 silk. We laboriously cleaned the residual omentum off the
transverse colon and mesentery of the transverse colon. The right gastroepiploics were ligated
and suture ligated. The left gastroepiploics were ligated - — - — — ——

o - 11 -
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WASHINGTON HOSPITAL CENTER
OPERATIVE REPORT

PATIENT: Todd, Laurie A MEDICAL RECORD NO. 257-03-94
OPERATION DATE: 10/04/2005

Now, we could easily elevated the spleen up out of the left upper quadrant. The splenic
attachments to the diaphragm were involved by tumor and these were removed. The pancreas tail
was embedded in the hilum of the spleen. We had to ligate approximately a dozen vessels as the
pancreas gave off blood supply to the hilum of the spleen. There was minimal trauma to the tail
of the pancreas in dividing these blood vessels that were the blood supply to the spleen. The
spleen, undersurface of the left hemidiaphragm and greater omentum were submitted to the
pathologist.

Now, we performed a right upper quadrant peritonectomy which included the right retrohepatic
space. Also the tumor on the surface of Glisson capsule was electro-vaporized. The right pleural
space was not entered. The dissection was complete and the specimen was submitted to the
pathologist.

Now, we performed a cholecystectomy. The gallbladder was taken from its fundus down to the
cystic artery and cystic duct, which were ligated in continuity and then divided. We also
laboriously took all of the tumor out of the fissures surrounding the liver. We stripped the
anterior and posterior aspects of the hepatoduodenal ligament. The gallbladder and surrounding
tumor was submitted to the pathologist.

Now, the left lateral segment of the liver was rotated to the right. The gastrohepatic ligament was
taken down off the gastrohepatic fissure, taking care to clear all the tumor out of this area. The
lesser omentum had moderate volumes of tumor in it. We used digital dissection to move the
tumor off of the arcade made up by the right and left gastric arteries. We were able to do so and
completely remove the lesser omentum. The tumor that was layered out down in the floor of the
omental bursa was debrided away cleanly with gauze and Russian forceps. We did not strip the
floor of the omental bursa.

Now, a right colectomy was performed. We divided the right colon at approximately the middle
of the ascending colon. We divided the terminal ileum about 2-inches from the ileocecal valve.
The ileocolic vessels were ligated and suture ligated. The bowel was divided with a linear cutter.
This completely removed the residual appendiceal malignancy. The spec1men was subml‘rted to
the pathologist.

Now, we performed a complete pelvic peritonectomy. All the peritoneum on the bladder, the
pelvic sidewalls and the retroperitoneal area was stripped away. We divided the round ligaments
as they came through the internal inguinal ring. We divided the ovarian vessels as they passed
the lower pole of the kidney. The uterine vessels were electro-vaporized and electrocoagulated.
This constituted a complete pelvic peritonectomy.

There was a large mass of tumor in the cul-de-sac just above the vagina. This was taken off the
posterior aspect of the bladder and the vagina entered.
- 12 -
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WASHINGTON HOSPITAL CENTER
OPERATIVE REPORT

PATIENT: Todd, Laurie A MEDICAL RECORD NO. 257-03-94
OPERATION DATE: 10/04/2005

Now, the rectosigmoid sigmoid colon was divided at approximately the junction of sigmoid and
descending colon. We spared the inferior mesenteric artery and vein. The superior hemorrhoidal
vessels were ligated. We got behind the sigmoid colon and laboriously dissected out all of the
scar tissue that had been created by the previous low resection. We were able to achieve clear
margins. The rectum was divided in approximately its mid portion with a contour stapler. This
constituted a left colectomy. Also, excision of the vagina was performed. The vagina was entered
anteriorly and approximately 1-cm of vagina that contained tumor in the vaginal cuff was
removed.

At this point, all the tumor that my eye could see except what was on the small bowel and small
bowel mesentery had been removed. The skin edges were elevated on a Sugarbaker retractor.
The patient had Jackson-Pratt drains and Tenckhoff catheter placed. She received 90 minutes of
heated intraoperative intraperitoneal chemotherapy with 27 mg of mitomycin-C and
approximately 41.5 degrees heat throughout the entire abdomen. Gauze debridement, especially
of the left hemidiaphragm and the areas in and around the liver was carried out during the heated
chemotherapy. Also, I scissor debrided large volumes of tumor from the surface of the bowel and
small bowel mesentery.

Now, the heated chemotherapy apparatus was taken down. We performed a low anastomosis.
The anvil of an ILS-33 was placed in the distal descending colon using a pursestring applier. The
rectum was washed clear with saline solution and the sphincter dilated. The stapler was passed
into the rectum and out through the staple line. The spear and the anvil were mated and fired.
The ears of the colon had been turned in. The anastomosis was tested by insufflating air into a
waterfilled pelvis. No bubbles were seen. There was no bleeding by rectal examination. There

was redundant colon filling the hollow of the sacrum showing there was no tension on this
anastomosis.

Now, we performed the routine ileocolic anastomosis superior. This was end of colon to
antimesenteric border of small bowel. There was an outer layer of interrupted 3-0 silk and an
inner running layer of 3-0 Maxon. The mesentery was also closed.

A right chest tube was inserted.

A Tenckhoff catheter was inserted for the early postoperative intraperitoneal chemotherapy 1080
mg of 5FU x4 days. It should be mentioned that the patient received her first dose of SFU, which
was 720 mg of SFU and 36 mg of leucovorin in the operating room intravenously as a

mitomycin-C sensitizer.

Now, the instrument count, needle count and laparotomy pad count were correct.

The abdomen was closed with running #1-Prolene. A fifth Jackson-Pratt drain was placed in the

anhentaneons tissue. The skin was closed with running 2-0 nvlon. - 13 -
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WASHINGTON HOSPITAL CENTER
OPERATIVE REPORT

PATIENT: Todd, Lauric A MEDICAL RECORD NO. 257-03-94
OPERATION DATE: 10/04/2005

I was present for all portions of the operative procedure.
This should be scored as a CC1 cytoreduction.

The patient was taken intubated to the 3G surgical intensive care unit in good condition.

DICTATED BY PAUL H SUGARBAKER, MD

Key portions(s) of the procedure were performed in my presence.

PHYSICIAN’S SIGNATURE DATE
PAUL H SUGARBAKER, MD

cc: PAUL H SUGARBAKER, MD

SR:mdi:mdi

D: 10/04/2005

T: 10/05/2005 10:18 A
Doc: 591416

Job Number: 000020511
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I haven't contributed to this website much out of respect for
G.G.and the fact that most of the queries are answered so well. I do
review it periodically and enjoy the message board. I am the
radiologist with pmp. Since my diagnosis in 2001 my story is much the
same as everyones with different complications. I review all the
Titerature on pmp and related conditions and would 1ike to update when
something new comes along. Now Tets talk about radiology.

The average radiologists will see 1 or 2 new cases of pmp in their
Tifetimes. Thus, they will probably not make the diagnosis particularly
in women. Also the radiologic literature has very little information.
The articles are old and tend to show advanced "textbook"” pmp which is
different from what I have seen in the dozen or so cases that I have
reviewed. Can pmp be diagnosed pre-operatively? Yes, but you have to
think about it. Mine was correctly diagnosed in 1 day. I would love to
publish an article with the title "This is what pmp really looks 1ike
on CT". But that would not be published.

Now for follow-up after the MOAS. You need a good CT every 6 months
or every year depending on your surgeon's prefernce. PET and PET CT are
not useful in pmp. They are expensive and add 1ittle or nothing. MRI
can be useful but only as a problem solver. You see something on a CT
which is not clear or you have a "normal™ CT with rising CEA or CA 19-
9. That's all the imaging you need.

What 1is a good CT. AT this time you need a mutidetector helical CT
which are widely available. You need the i.v. contrast delivered by a
power injector with late arterial imaging thru the pelvis and delayed
images. You need need good bowel opacification with oral contrast. You
have a choice between water soluble contrast "koolaid"” and barium
suspension” milkshake". Here's what I suggest. If you tend to be
constipated drink the koolaid. If your stools are Toose try the
mitkshake. If you are neutral start with koolaid and end with the
milkshake. You need to have contrast thru to the rectum.

Finally what about the radiologist reading the scan. First, you
need to establish communication. I almost guarantee that the only
history he or she gets at best is pmp or Cancer of the appendix. Give
the tech the scoop. For example MOAS 1 year ago. Omentum , Spleen,
Gallbladder, etc removed. Then ask to discuss the results with the
radiologist. This may be at a later date, but they should be willing to
discuss 1t with you. IF not find another. There are good radiologists
out there, but you need to find them. Those with body imaging
fellowships are the best prepared, but there is no substitute for
experience. Once you find one then stick with him. Tell them about
resources such as pmppals and Dr. S's website. Your pmp surgeon may be
better than the average local radiolgist but your pmp surgeon does not
have the time to follow all your CT's. Once the radiologists are
educated however they can be as good or better.

Finally, unrelated, I would 1ike to review the initial CT's prior to
any surgery, particularly those of female patients. I believe that pmp
can be diagnosed pre-op and would Tike to accumulate enough CT's to
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present a paper on the patterns of this disease. E-mail me if
interested. George
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Introduction

Computed tomography (CT) is the current mainstay-imag-
ing tool for patients with peritoneal surface malignancy. With
administration of adequate intravenous, oral, or rectal contrast
media, the high-resolution images of CT allow more precise
identification and evaluation of the peritoneal disease than
those provided by sonography. Magnetic resonance imaging
(MRI) provides goad resolution, buf requires longer scan
times during which respiratory motion and bowel peristalsis
can interfere with the image resolution. Positron emission
tomography (PET) is useful and provides functional imag-
ing, but the ability to detect diffuse small tumor nodules is
limited. However, PET-CT is able to provide high CT resolu-
tion and simultaneous PET functional imaging. The efficacy
of these radiologic modalities in the assessment of peritoneal
surface malignancy remains to be evaluated.

In the past, patients with peritoneal cancer were constdered
preterminal and were managed with systemic chemotherapy.
Surgery was selectively used to palliate patients with gas-
trointestinal obstruction caused by tumor progression. This
management approach was traditionally agreed upon by
most physicians. With better understanding of the natural
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history, it has been realized that the peritoneal dissemination
of cancers is not systemic metastasis, but a local-regional
extension of the primary tumor.

Diseases such as pseudomyxoma peritonei and diffuse
malignant peritoneal mesothelioma tend to remain confined
within the peritoneal cavity throughout the clinical course.
Lymphatic and hematogeneous metastases are rarely seen.
In patients with pseudomyxoma peritonei from appendiceal
mucinous neoplasms, the median survival can be prolonged
to 5 years with the traditional palliative approach because
the tumors are minimally invasive, but the disease almost
always recurs. Each repeat debulking procedure was associated
with progressively thickened intra-abdominal scar tissues.
These patients eventually die from complications of surgery
or tumor progression. Prior to the year 2000, the median
survival for patients with diffuse malignant peritoneal meso-
thelioma was < 12 months. As the large volume of ascites
produced by thousands of tumor nodules accumulate, these
patients develop severely debilitating symptoms before their
demise.

In more aggressive gastrointestinal malignancies, such as
colorectal cancer, there is a window of opportunity, where
the disease remains confined within the peritoneal cavity

Copyright € 2008 by Elsevier Inc.
All rights of veproduction in any form reserved.
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before distant metastases develop. Colorectal cancer is the
second most common cause of cancer-related deaths in the
Western world. Ten percent of patients are diagnosed with
synchronous peritoneal disease at the time of their primary
surgery, and 25% eventually develop isolated peritoneal
recurrence. As the disease advances at a rapid pace, invari-
ably all patients die from the disease with 2 median survival
of 6 months, Systernic chemotherapy with 5-fluorouracil,
oxaliplatin, or irinotecan has not dramatically improved the
prognosis of patients with colorectal metastasis in the last
40 years. Recently, a combination of these drugs with a bio-
logical agent, such as bevacizumab, reached the 20-month
median survival, However, to date there is no evidence that
documents the efficacy of these novel therapeutic regimens
in colorectal peritoneal carcinomatosis.

An evolutionary change in the management of peritoneal
surface malignancy has occurred in the last decade, which
constists of cytoreductive surgery combined with periopera-
tive intraperitoneal chemotherapy (Sugarbaker, 1995). Many
studies have shown significantly improved survival as com-
pared to the traditional approach (Sugarbaker, 2006; Glehen
et al., 2004; Verwaal et al., 2003; Look et al., 2004). The
intent of the combined treatment is no longer palliative, but
cure in selected patients is possible. However, the survival
advantage is achieved at the expense of moderate to high
perioperative morbidity and mortality rates. In the current
literature the morbidity rate varies from 1 to 10% and mor-
tality ranges from 20 to 50%, depending on the extent of
cytoreduction and the skill level of the surgical team (Jacquet
et al., 1996; Stephens et al., 1999; Glehen ef al., 2003). As a
result, more emphasis has been placed on careful patient
selection to identify patients groups in advance, which do
not benefit from the combined treatments.

In the past decade, spiral or helical CT technology has
been developed, which permits the acquisition of a volume
data set from which axial slices are reconstructed. The table
on which the patient lies moves at a constant speed, while
the X-ray tube produces a sustained exposure. Respiratory
misregistration is eliminated as the scan acquires data during
a single breath hold. Scan reconstruction at intervals smaller
than scan collimation produces overlapping slices, which
improves the detection of smaller lesions. In addition, con-
trast-enhancement can be optimized due to a shorter scanning
time, which, along with the development of high heat capac-
ity tubes, allows images to be acquired in the phase of con-
trast enhancement most appropriate to the pathology being
assessed, for example, arterial and venous phase imaging.

To a radiologist, the traditional teaching is to document
the presence versus absence, as well as the characteristics of
tumors seen on a CT in a systematic manner. With advances in
imaging technology, these abnormalities can now be automat-
ically and accurately quantified. Unfortunately, the majority
of clinical image interpretations continue to be performed by
radiologists without computerized image analysis support.

As analysis methods are becoming increasingly important and
relevant, this situation is rapidly changing. However, to a sur-
geon, often the mere descriptions of presence versus absence,
size, site, and shape of the tumors have limited climcal vatue
in terms of diagnosis and determining whether or not a patient
is a potential candidate for the novel treatment approach of
cytoreductive surgery and perioperative intraperitoneal che-
motherapy. This chapter will focus on CT in the diagnosis
of peritoneal surface malignancy, mainly, pseudomyxoma
peritonei, diffuse malignant peritoneal mesothelioma, high-
grade gasirointestinal and ovarian peritoneal carcinomatosis,
and peritoneal sarcomatosis as well as patient selection by
CT for cytoreductive surgery and perioperative intraperito-
neal chemotherapy.

Computed Tomography Diagnosis

There are distinct patterns of cancer dissemination within
the peritoneal cavity, which are dependent on the degree of
invasiveness of the cancer and the tendency of mucin produc-
tion. First, the histologic grade or the biologic invasiveness
determines the ability of free tumor emboli to adhere and
implant. Low-grade cancers generally lack capability toadhere
and as a result “redistribute” widely throughout the peritoneal
space. Small bowel and small-bowel mesentery remain free
of tumor because of their active peristaltic movement, which
reduces build-up of the tumor on their surfaces. Nonadher-
ent tumor cells are carried by peritoneal fluid and accumu-
late at the sites of peritoneal fluid absorption, such as greater
omentum and undersurfaces of the diaphragms. Whereas
moderate- to high-grade cancers tend to show “randomly
proximal distribution” and because of their capability to adhere
and invade, peritoneal implants occur close to the site of primary
tumor. The high-grade cancer may infilirate mesentery and bowel
surfaces, causing focal masses and intestinal obstruction.

The second factor that influences the patterns of perito-
neal tumor spread is the extent of mucin production. Mucus
tends to occupy free peritoneal space and accumulates in
gravity-dependent areas, such as the pelvis, paracolic gut-
ters, and retrohepatic and retrosplenic spaces. As the vol-
ume of mucinous ascites increases, it tends to exert pressure
effects on the visceral organs, causing compression of the
liver capsule and displacement of the small bowel. Invasive
cancers that produce mucinous ascites may be expected to
show the most extensive spread throughout the abdomen and
pelvis. With these fundamental differences in characteris-
tics of cancer dissemination, CT imaging can provide useful
information in facilitating the diagnosis.

Pseudomyxoma Peritonei

Pseudomyxoma peritonei is characterized clinically by
the presence of mucinous ascites throughout the abdomien in
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a “redistribution” pattern, which usually originates from the
vermiform appendix. As the mucin escapes from the blow-out
of the appendical stumnp, it accumulates in the pelvis, para-
colic gutters, and retrohepatic and retrosplenic spaces. The
phagocytic activity of the greater omentum will also take up
a large volume of mucinous tumors. CT images usually show
the following characteristics: (1) a periappendiceal mass, rep-
resenting the primary tumor mass; (2) large quantity of muci-
nous tumor throughout the peritoneal cavity, especially in the
pelvis, pericolic gutters, omentum, retrohepatic, and retro-
splenic spaces; (3) scalloping of the liver capsule forming len-
ticular-shaped compression of the liver parenchyma, but no
evidence of invasion; (4) comparimentalization of the smali
bowel, where the small bowel is displaced by large-volume
mucinous ascites and omental cake to one region in the abdom-
inopelvic cavity, and usually there is no evidence of infiltra-
tion of the bowel wall and the mesentery (Jacquet et al., 1995).
When all four radiologic features are present in a patient, the
diagnosis of pseudomyxoma peritonei can be made.

Diffuse Malignant Peritoneal Mesothelioma

Diffuse malignant peritoneal mesothelioma originates
from the serosal lining of the peritoneal cavity. Thousands of
tumor nodules produce large quantities of serous ascites. The
tumornodules may presenton any peritoneal surface withouta
primary site of cancer origin being found. As the disease tends
to be more aggressive than pseudomyxoma peritonei, it does
not spare the small bowel and its mesenteric surfaces. How-
ever, despite its aggressiveness, diffuse malignant peritoneal
mesothelioma rarely metastasizes to lymph nodes and distant
organs. These unique clinical characteristics define the CT
findings (Yan et al., 2005a). First, the disease is diffuse
throughout the peritoneal cavity. Patients rarely have a large
solitary mass(es) that could be misinterpreted as an epicen-
ter of a primary abdominal or pelvic cancer. This lack of
a primary site is distinctly different from gastrointestinal or
gynecologic malignancies. Second, the most heavily disease-
involved regions are the midabdomen and pelvis. In great
contrast to pseudomyxoma peritonei or other mucinous ade-
nocarcinomas, compartmentalization of the small bowel and
a large volume of disease beneath the right hemidiaphragm
are absent. Third, the presence of serous ascites rather than
mucinous ascites is commonly seen with this disease. Fourth,
there is a lack of extraperitoneal lymph node or distant organ
metastasis. One must raise the clinical suspicion of diffuse
malignant peritoneal mesothelioma when encountering these
radiologic findings.

High-Grade Gastrointestinal and Ovarian
Peritoneal Carcinomatosis

Usually in patients with high-grade cancers, an epicenter
of the tumor is evident on CT. For gastrointestinal cancer, as

full thickness invasion of the bowe! wall progresses, micro-
perforations of the serosal surface result. This will lead to
the seeding of malignant cells into the free peritoneal space
and/or adhering to adjacent organs and structures. Computed
tomography images show that the peritoneal spread tends to
be confined to the vicinity of the primary site, causing bowel
obstruction, and ureteric obstruction (Archer et al., 1996).
Lymph node involvement and distant organ metastases may
be present. In right colon cancer, the peritoneal seeding most
frequently involves the omentum, nearby loops of the termi-
nal ileun, and the right pericolic gutter. For gastric cancer
and occasionally pancreatic carcinoma, the common loca-
tions for peritoneai seeding inciude the lesser omentum, the
omental bursa, lesser sac, and surfaces of the stomach itself.
In primary ovarian cancer, the most common sites of perito-
neal seeding are the cul-de-sac {pouch of Douglas), recto-
sigmoid colon, and the cleft between the sigmoid colon and
the left pelvic sidewall. Also, tumor deposits on the dome
of the bladder are frequent, as the peritoneal carcinomatosis
progresses. Tumor nodules on the undersurface of the right
hemidiaphragm and within the greater omentum are fre-
quently encountered when the cancer is far advanced or has
a mucinous histologic subtype.

Peritoneal Sarcomatosis

Although definitive CT diagnosis of peritoneal sarco-
matosis is difficult, the difference in the morphology of a
sarcomatosis versus carcinomatosis is thought to explain
the difference in CT findings (Pestieau er al., 2002). The
sarcoma nodules are spherical and widely distributed and
reliably distort the surrounding anatomic structures. The
CT density of sarcomatosis is much higher as the nodules
are extremely vascular and closely resemble blood density,
which results in greater contrast between sarcoma nodules
and small bowel or lipose tissues.

Accuracy of Computed Tomography in
Peritoneal Cancer Detection

In a number of recent series, sensitivity of CT in diagnos-
ing peritoneal carcinomatosis varies from 60 to 90%, which is
dependent on the quality of CT scans, size of tumor nodules,
interpretation from a radiologist, and the abdominopelvic
regions examined (Pesticau et al., 2002; Jacquet et al., 1993;
de Bree ef al., 2006). The size of the peritoneal tumor is an
important factor for detection on CT. Sensitivity of detecting
individual lesions with a maximal diameter > 5 cm was 60 to
90%, in contrast to 10 to 30% for tumors < 1 cm. There was
also a great degree of variation in sensitivity for tumor detec-
tion in different areas. The sensitivity for tumor detection in
the epigastrium, small-bowel region, greater omentum, pelvis,
and undersurfaces of the diaphragms have been reported to
be 75 to 85%, 75 to 85%, 75 to 90%, 70 to 100%, and 60 to
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85%, respectively (Pestieau et ai., 2002; Jacquet et al., 1993;
de Bree et al., 2006). In earlier studies on CT performance
in ovarian cancer patients with peritoneal carcinomatosis,
results of detection were less reliable (Forstner et al., 1995).
Using more advanced technology including helical CT,
we can expect superior accuracy in detection of peritoneal
implants with improvement of CT technology.

Computed Tomography Patient
Selection

Several prognostic factors have been shown fo be signifi-
cant for an improved survival after cytoreductive surgery
and perioperative intraperitoneal chemotherapy. These fac-
tors include extent of cytoreductive surgery, commonly rep-
resented by the peritoneal cancer index (PCI), histologic
grading of the tumor, presence of lymph node or distant
organ metastases, and completeness of cytoreductive sur-
gery (CCR). The peritoneal cancer index is an assessment
combining lesion size (lesion size 0 to 3) with tumor dis-
tribution, to quantify the extent of disease as a numerical
score (PCI-0 to PCI-39) (Glehen et al., 2003). Complete-
ness of cytoreductive surgery measures the residual tumor
volume after surgery (Glehen ef al., 2003). CCR-0 indicated
a no visible evidence of mesothelioma. CCR-1 indicated a
residual tumor nodule £ 2.5mm in diameter, while CCR-
2 indicated a residual tumor nodule between 2.5mm and
2.5cm in diameter. CCR-3 indicated residual tumor nodules
> 2.5cm in diarneter or a confluence of tumor nodules pres-
ent at any site. Although these parameters are prognostically
significant for survival, they are not available before surgery,
which means that they have limited value in the selection of
patients prior to surgery.

During the cytoreductive surgery, the surgeon tries to
remove all intraperitoneal tumor implants by using a series
of peritonectomy procedures, including: anterior parietal
peritonectomy, greater omentectomy with splenectomy, left
upper quadrant peritonectomy, right upper quadrant peri-
tonectomy, lesser omentectomy with cholecystectomy, and
pelvic peritonectomy with rectosigmoid colonic resection
(Sugarbaker, 1995). The visceral resections include recto-
sigmoidectomy, right colectomy, total abdominal colectomy,
hysterectomy, and small bowel resection. These resections
are performed at anatomic sites where there is visible evi-
dence of disease.

A peritonectomy surgeon knows that presence versus
absence of tumors and volume of disease in areas such as
the undersurfaces of the diaphragms, omentum, pericolic
gutters, and pelvis are important information to acquire pre-
operatively, in order to plan for the operation. However, this
information has limited or is of restricted prognostic value
because the disease in these areas can be readily removed
with an attempt at a complete cytoreduction. With increased
experience, it is realized that the volume of disease of the

small bowel and the epigastric region are very important
determinants for survival. Extensive involvement of these
visceral organs invariably means resection, but only limited
lengths of small bowel can be resected in order to maintain
a reasonable quality of life. Extensive tumor mass present
in the epigastric region may be difficult to remove because
the tumor almost always encases the porta hepatis and gas-
tric vessels. The greater omentum is usually removed along
with the gastroepiploic vascular arcade, which usually is
one of the early procedures in the cytoreduction. The sole
remaining blood supply to the stomach is the lesser omental
vascular arcade composed of the right and left gastric arteries.
If this vasculature is compromised, devascularization of the
body of the stomach will occur. Large-volume disease in the
epigastric region extensively involves the right gastric/left
gastric vascular arcade. Unless the surgeon is willing to per-
form a total gastrectomy, this disease must not be resected.
Consequently, large-volume solid tumor in the epigastric
region causes a suboptimal cytoreduction to occur. On a
preoperative CT, the size of tumor in the epigastric region
therefore will have a significant prognostic impact (Yan
et al., 2005).

Interpretive Computer Tomography
Classification of the Small Bowel
and Its Mesentery

Interpretive CT classification of the small bowel and its
mesentery has been developed, and categorized the CT
appearances into four classes (Table 1) (Yan ef al.,, 2005b).-
These four classes represent a stepwise disease progres-
sion of peritoneal tumors, which are prognostically signifi-
cant: Class 0~CT shows no ascites in the region of the small
bowel; the jejunal and ileal vessels appear as round and
curvilinear densities within the mesenteric fat. Class -CT
shows free intraperitoneal fluid only. The mesentery is
stranded and stratified, as the fluid accumulation outlines
the small-bowel mesentery. The small-bowel vessels are eas-
ily identified within the mesenteric fat (Fig. 1). Class II-CT

Table 1 Interpretative CT Classification of Small
Bowel and Small-Bowe! Mesentery for Diffuse
Malignant Peritoneal Mesothelioma

Class Ascites Small Bowel Mesenteric
and Mesentery Vessel Clarity
Neo No No

14 Yes No No

i1 Yes Thickening No
& enhancing

$1} Yes Nodutar thickening & Obscured
segmental obstruction




Figure 1 Computed tomography scan shaws free intraperitoneal fluid
only. The mesentery becomes stranded and stratified as the fluid accumula-
tion outlines the small bowel mesentery. The small bowel vessels are identi-
fied easily within the mesenteric fat.

shows tumor involvement of the small bowel and/or its mesen-
tery. The peritoneal surfaces are thickened and enhanced due
to the presence of tumor nodules (usually half-spherical
bodies) or plaques (flat implants whose diameter is greater
than their thickness). There may be an increased amount of
ascitic fhiid, and the mesentery may appear stetlate or pleated.
The small-howel mesenteric vessels are still identifiable (Fig.
2). Class III-CT shows an increased solid tumer involvement,
and adjacent small-bowel loops are matted together in some
cuts. The configuration of the small bowel and its mesentery

appears distorted and thickened. Segmental smail-bowel
" obstruction is present. Intraperitoneal fluid may be loculated.
The small-bowel mesenteric vessels are difficult to define on
some cuts due to obliteration of mesenteric fat (Fig. 3).

In the performance of an adequate cytoreduction, the small-
bowel mesentery is dissected. Large-volume tumor is removed,
and all bowel loops and mesenteric leaves are separated to allow
contact of residual tumor with the perioperative intraperitoneal
chemotherapy. If adjacent intestinal and mesenteric structures
are matted together, adequate tumor removal and adequate local-
regional chemotherapy are not possible. Class HI-CT findings
of the small bowel and its mesentery have been found to be
associated with inadequate surgery and reduced overall sur-
vival. Classes 0 to III represent a spectrum of disease severity.
As our experience with the CT assessment of the small bowel
and its mesentery increased, it became apparent that sometimes
Classes [ and I are not readily distinguishable, but that Classes
0, I, and II are always distinguishable from Class 1.

Mere site description and volume measurements of perito-
neal tumors alone are not sufficient. For example, in patients
with a large volume of disease in the pelvis, the pelvic
peritonectomy can almost always completely remove the
disease, Therefore, a large volume of disease in the pelvis
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Figure 2 Computed tomography scan shows tumor involvement of the
small bowel mesentery. The peritoneal lining is thickened and enhanced due to
the presence of tumor nodules or plaques. There may be an increased amount
of ascitic fluid. The small bowel mesenteric vessels are still identifiable.

Figure 3 Computed tomography scan shows increased solid tumor
involvement with adjacent bowel loops matted together The configuration
of the small bowel and its mesentery is distorted and thickened. Intraperito-~
neal fluid may be loculated. The small bowel mesenteric vessels are difficult
to define due to the obliteration of mesenteric fat density.

has no impact on survival and no prognostic implications
from a preoperative CT. The same rationale applies to the
extensive infiltration of the greater omentum referred to as
“omental cake.” The disease in the greater omentum, no mat-
ter what volume exists, can be readily resected.

A surgical finding that is of great importance in the selection
of patients for attempted adequate cytoreduction is the pres-
ence versus the absence of foreshortening of the small-bowel
mesentery. Although we searched for radiologic evidence of
small-bowel retraction in these CT scans, we have not been
able to find reliable radiologic criteria for this surgical finding,
Therefore, foreshortening of the small-bowel mesentery is in
our opinion difficult or impossible to visualize on the CT.
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These data regarding CT findings are only meaningful for
patients treated with this comprehensive approach utilizing
cytoreductive surgery and perioperative intraperitoneal che-
motherapy. These data used in patients managed only with
systemic chemotherapy may not be valid. Also, it is probable
that this CT assessment of prognosis in patients managed
by debulking surgery only, without an attempt at optimal
cytoreduction plus perioperative intraperitoneal chemotherapy,
would have little significance.

A reality that accompanies cytoreductive surgery with
perioperative intraperitoneal chemotherapy is its high mor-
bidity and cost. An avoidance of unnecessary or low-value
(in terms of survival) procedures would greatly improve the
results of this new approach to peritoneal surface malignancy.
In patients in whom CT suggests a poor outcome, surgery may
be canceled completely. Certainly, if the patient is a poor oper-
ative risk, an aggressive approach should not occur and instead
a modified, reduced risk procedure should be contemplated. In
the poor prognosis group by CT criteria, the surgeon must be
aware 1o avoid the “point of no return™ in a peritoneal surface
malignancy patient, This is an enterotomy above the site of par-
tial or complete obstruction of the bowel. Repair has a high inci-
dence of fistula formation. Multiple enterotomies may require
an extensive resection to prevent postoperative complications
but provide little or no survival benefit. Reliable preoperative
radiological findings are of great help in the management of
peritoneal surface malignancy patients.

Maximal oral barium contrast that fills the entire gastro-
intestinal tract is beneficial, Intrarectal contrast facilitates
interpretation of the pelvic CT. Intravenous contrast injected
to maximize density differences between normal tissue,
tumor layered out on peritoneal surfaces as well as ascites
fluid, is beneficial. The time interval between intravenous
contrast infusion and spiral CT may be crucial to determina-
tion of ascites fluid versus solid tumor. A 60-second delay
may be optimal in this situation. This distinction is impor-
tant to separate Class I, Class II, and Class I interpretative
small-bowel classification. Currently, helical CT equipment
with multiple detectors is routinely used. The information
regarding CT assessment of prognosis will likely increase as
more modern CT technology is routinely employed in these
patients. Also, gadoliniumi-enhanced MRI may be useful in
this clinical situation. In our judgment, anatomic interpre-
tation of CT findings preoperatively is an important aspect
of patient selection when one considers the comprehensive
treatment for peritoneal surface malignancy.
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Review .

New standard of care for appendiceal epithelial neoplasms
and pseudomyxoma peritonei syndrome?

Paul H Sugarbaker

Appendiceal mucinous neoplasms sometimes present with peritoneal dissemination, which was previously a lethal
condition with a median survival of about 3 years. Traditionally, surgical treatment consisted of debulking that was
repeated until no further benefit could be achieved; systemic chemotherapy was sometimes used as a palliative
option. Now, visible disease tends to be removed through visceral resections and peritonectomy. To avoid entrapment
of tumour cells at operative sites and to destroy small residual mucinous tumour nodules, cytoreductive surgery is
combined with intraperitoneal chemotherapy with mitomycin at 42°C. Fluorouracil is then given postoperatively for
5 days. If the mucinous neoplasm is minimally invasive and cytoreduction complete, these treatments result in a
20-year survival of 70%. In the absence of a phase III study, this new combined treatment should be regarded as the
standard of care for epithelial appendiceal neoplasms and pseudomyxoma peritonei syndrome.

Introduction

Epithelial appendiceal neoplasms (figure 1) are unusual
but not rare and are estimated to make up about 1% of
colorectal cancer cases in the USA," about 1500 cases per
year. These epithelial tumours of the appendix are
gastrointestinal malignant diseases with a unique
natural history that makes them especially suited for
comprehensive locoregional treatment. In this review,
we compare the available evidence? for such treatment
and recommend a new standard of care.

Unique clinical features and diagnosis

Epithelial appendiceal neoplasms

Table 1 summarises the unique characteristics of these
tumours. Appendiceal neoplasms show varying amounts
of invasiveness. About 75% are non-invasive and grow
slowly, allowing patients to survive a decade or longer
even without specialised treatments. However, some
appendiceal tumours are very invasive, progress rapidly,
and can cause death 1-2 years after the initial diagnosis.

Nearly all patients with these tumours have peritoneal
dissemination at the time of diagnosis’ a notable
contrast with colorectal cancer, in which only about 15%
of patients present with carcinomatosis. However,
progression is usually confined to the peritoneal space,
and most patients with minimally invasive tumours die
from loss of intestinal function when mucinous
tumours (>60% of the field of view through the
microscope contains mucus and no cancer cells)®
impede the abdomen and pelvis.

Initial symptoms are usually the result of the
mucinous neoplasm invading the peritoneal cavity. The
tumour affects very little of the appendix, but substantial
amounts of the abdominal and pelvic surfaces. However,
some patients present with a tumour that has perforated
the appendix.

Most patients with appendiceal neoplasms have no
lymphatic or haematogenous metastases;” 2% of patients
have metastases in the lymph nodes and 2% in the liver;
thus extensive locoregional treatments can eliminate the
disease. Surgical management of the primary tumour is

usually appendicectomy or caecectomy, and an appen-
diceal lymph-node dissection is needed to rule out
regional lymph-node metastases.”

Appendiceal mucinous neoplasms spare the small
bowel, which qualifies them for aggressive locoregional
treatment’® Even though large volumes of mucinous
neoplasm are sometimes located within the greater and
lesser omentum, the space between the liver and the
diaphragm, and within the pelvis, the small bowel is
usually free of disease. Carmignani and colleagues®
reported that the almost constant peristaltic activity of
the small bowel prevents neoplastic cells from adhering
to its surfaces or to the small-bowel mesentery, except to
the part of the jejunum that is adjacent to the ligament of
Treitz and the terminal ileum or ileocaecal-valve area,
which are tethered by a short mesentery to the
retroperitoneum.

Figure 1: Distal portion of appendix has ruptured from pressure of mucin
accumulation within mucocele
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Review

Appendiceal epithelial neoplasm  Colorectal cancer

Incidence (cases per year in USA) 1500 150000

Mucinous histology 85% 15%
Aggressiveness pathology 10% 95% !
Lymph-node metastases at initial diagnosis 2% 50% i
Liver metastases at initial diagnosis 2% 20% |
5-year survival with traditional surgical treatment 30% 70% ,
10-year survival with combined treatment 60% NA 1

NA=not available.

Table 1: Contrasting features of appendiceal neoplasms and colorectal cancer

Invasive adenocarcinoma

Before surgery confirms the diagnosis, patents with
adenocarcinoma of the appendix are usually diagnosed
with appendicitis, a right lower quadrant abscess, or a
tumour mass. Mucdinous appendiceal adenocarcinomas
have usually perforated before diagnosis,’ causing the
tumour to spread to the ovary, or to present as
peritoneal carcinomatosis within a hernia sac. An
aggressive mucinous adenocarcinoma can invade the
retroperitoneum and appear as a mucus accumulation
in the buttock or thigh. Also, the tumour could invade
the abdominal wall with an enterocutaneous fistula or
the bladder with an enterovesical fistula. The right
ureter can also be invaded by a mucus-containing
tumour, and invasion of the urinary bladder has also
been recorded. If symptoms other than increasing
abdominal girth or appendicitis arise, the tumour is
probably aggressive.

Pseudomyxoma peritonei syndrome

These minimally invasive appendiceal epithelial
neoplasms constitute a large proportion of the cases of
appendiceal neoplasms. They have a high propensity for
spread to peritoneal surfaces, but almost never
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Figure 2: Pseud, peritonei synd:

metastasise through lymphatic chanunels into lymph
nodes, or through venules into the liver” After the
tumour ruptures the wall of the appendix (figure 1),
adenomucinosis can progress for months or even years
within the abdomen and pelvis without causing any
symptoms. As the disease progresses, the peritoneal
cavity becomes filled in a characteristic pattern with
mucinous neoplasm and mucinous ascites. The greater
omentum is thickened (omental cake) and infiltrated
extensively by the tumour (figure 2). All parts of the
abdomen that entrap malignant cells also contain
tumour, including the undersurface of the right and left
hemidiaphragms, the right subhepatic space, the splenic
hilus, the right and left abdominal gutters, and the pelvis
and cul-de-sac. An jmportant dinical feature of
pseudomyxoma peritonei is that tumours spare the
mobile portions of the small bowel (figure 2}, and the
involved parietal and visceral peritoneal surfaces can
thus be removed by peritonectomy.

The symptoms and signs of pseudomyxoma peritonei
differ greatly from those of appendiceal adeno-
carcinoma. The most common symptom in both men
and women with pseudomyxoma peritonei syndrome is
a gradually increasing abdominal girth® Women often
develop an ovarian mass, usually on the right side,
which is commonly diagnosed at a routine gynae-
cological examination, and men can have new-onset
hernia as the next most frequent symptom.” The hernia
sac is filled by mucin, a mucinous tumour, or both. The
third most common presenting feature is appendicitis, a
clinical manifestation of a ruptured appendiceal
mucocele with local inflammation.”

Pseudomyxoma peritonei syndrome can also develop
months or even years after planned laparoscopic
appendicectomy, if a mucocele is found and ruptures
during the procedure. Table 2 shows the symptoms and

(A) Omental cake characteristic of pseudomyxoma peritonei syndrome. (8) Small bowe! is spared when omentum is raised.



