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Preface

Miley Cyrus once said, “I like controversy because that’s what sells.” And while her
affinity for dissention drew her at times in a wayward direction, her comment was
spot-on. Controversies are the fuel of progress, particularly in medicine. The
modern surgeon understands that challenging the standard, seeking evidence for
traditional practices, is essential to best practice surgery. This book is intended to
summarize the existing standards and evidence in the surgical management of onco-
logic disease, while also highlighting the areas of current debate and innovation.

Charleston, SC Katherine A. Morgan
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Gastric Cancer

Georgios Rossidis

Epidemiology

Despite a steady decrease in incidence and mortality, gastric cancer remains a major
health burden worldwide. Almost one million new cases of stomach cancer were
estimated to have occurred in 2012 (952,000 cases, 6.8 % of the total), making it the
fifth most common malignancy in the world, after cancers of the lung, breast, col-
orectum and prostate (Fig. 1) [1]. In contrast, in 1975, gastric cancer was the most
common neoplasm. The highest incidence rates are reported in East Asia, especially
China, with annual incidence rates between 40 and 60 per 100 000 inhabitants.
Other areas of high incidence are in the Andes Mountains and in Central and Eastern
Europe (Fig. 2).

Stomach cancer is the third leading cause of cancer death in both sexes world-
wide (723,000 deaths, 8.8 % of the total) third to lung and liver malignancies. The
highest estimated mortality rates are in Eastern Asia (24 per 100,000 in men, 9.8 per
100,000 in women), and the lowest are in Northern America (2.8 and 1.5, respec-
tively) [2]. High mortality rates are also present in both sexes in Central and Eastern
Europe, and in Central and South America.

Gender-specific incidence and mortality are double in men compared to women.

GLOBOCAN 2012 shows the trend in both incidence and mortality since 1975
and the tendency is towards a marked decline in nearly all populations, irrespective
of whether the population is at high risk (Japanese males) or low risk (US white
females). This can be attributed to changes in food handling, refrigeration, abun-
dance of fresh fruit and vegetables, the decrease in the use of tobacco and salt, but
above all the decreased exposure to a ubiquitous risk factor, H. pylori.
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Fig. 1 Incidence and mortality of different malignancies GLOBOCAN 2012 Ferlay J IARC
Internet based

Risk Factors/Pathogenesis

Helicobacter pylori

H. pylori is gram-negative bacterium that colonizes the stomach, and even though
the majority of infections are asymptomatic, H. pylori is associated with peptic
ulcer disease, chronic gastritis, gastric mucosa-associated lymphoid tissue (MALT)
lymphoma, and gastric adenocarcinoma. It is thought that H. pylori was once ubiq-
uitous to mankind but its prevalence is declining in successive generations, and is
now very rare in Western Europe, North America, Australia and Japan [3]. The
decreased incidence and prevalence in these developed countries can be explained
by the fact that infection risk is associated with overcrowding, poor sanitation and
low socioeconomic status [4, 5]. The decreased prevalence of H. pylori is matched
to the decline in incidence and mortality of gastric cancer.
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Internet based

The International Agency for Research on Cancer (IARC) classified infection
with H. pylori as carcinogenic in 1994 based on its association to gastric cancer and
MALT [6]. This conclusion was confirmed by IARC in 2009 stating that H. pylori
causes non-cardiac gastric cancer due to the confinement of H. pylori to the distal
part of the stomach [7]. The best estimate of relative risk for H. pylori and gastric
cancer comes from the Helicobacter and Cancer Collaborative Group which
performed a pooled analysis of 12 prospective studies, including 762 cases of
non-cardiac cancer and 2250 controls. The odds ratio for H. pylori was 2.97 [8].
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The same study included 274 cases of cardia gastric cancer and 827 controls with
an odds ratio of 0.99 for H. pylori infection.

H. pylori is genomically highly diverse and this diversity may contribute to the
clinical outcome of the infection. Several genetic factors associated with H. pylori
colonization and virulence (cagA, acA) have been identified. The genetic marker
that has attracted the most attention in epidemiologic studies is the presence of the
cag pathogenicity island, a DNA sequence of 40 kbp that is present in 70 % of
H. pylori strains in Europe and North America, but is ubiquitous in Asia and most
of Africa. CagA-positive strains are associated with higher risk of gastric cancer
than CagA negative strains. A meta-analysis of 16 cohort and case—control studies
including 778 cases of non-cardia gastric cancer and 1409 matched controls found
an elevated risk of CagA-positive H. pylori infections, with an OR of 2.01 for CagA-
positivity among all H. pylori-infected individuals [8].

Socioeconomic Status

Less developed countries exhibit higher incidence and mortality of gastric cancer,
presumably secondary to untreated prevalent H. pylori infection. But even within a
given country or population, non-cardia cancer is seen much more commonly in
individuals with surrogates associated with a lower socioeconomic status (lower
education, number of siblings, crowding) [9, 10].

Tobacco and Alcohol Abuse

A meta-analysis performed by Ladeiras-Lopes et al. showed that the summary risk
estimate of gastric cancer was 1.62 in male smokers and 1.2 in female smokers com-
pared to nonsmokers [11]. The risk for cancer is known to increase significantly with
increasing numbers of cigarettes per day, pack-years, or duration of smoking [12].
Although alcohol is considered a risk factor for gastric cancer, prospective studies
have failed to show an increased relative risk compared to the control group [13].

Body Mass Index and Physical Activity

A meta-analysis by Yang et al. has shown increased risk for cardia gastric cancer in
patients with a BMI above 30 with a relative risk estimate of 2.6 [14]. With non-cardia
gastric cancers, however, cohort studies have failed to show an increased risk in obese
patients [15]. Regular physical activity is known to be associated with decreased risk
of gastric cancer, and two prospective studies, one from Norway and one from the
USA studying physical activity and gastric and esophageal cancer have shown a
protective effect [16, 17].
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Pathogenesis

There are two models of carcinogenesis in gastric cancer, the Correa pathway for
the intestinal type [18, 19] and the Carneiro pathway for the diffuse type of adeno-
carcinoma [20]. Figure 3 summarizes the Correa pathway, a multistep process with
multiple genetic and epigenetic alterations that may take years to decades to develop.
Chronic H. pylori gastritis leads to genomic instability (dysfunction of the DNA
mismatch repair system) and through DNA methylation leads to atrophic gastritis,
defined as the loss of normal glandular epithelium, and the lost glandular epithelium
is replaced by intestinal epithelium, leading to metaplasia. There are two main types
of metaplastic cells. The first are spasmolytic polypeptide-expressing metaplasia
(SPEM) cells, found in 68 % of patients with H. pylori infection and associated with
90 % of gastric cancers. Therefore SPEM may be a step in neoplastic progression.
The second type of metaplasia is intestinal metaplasia, which may arise in the back-
ground of SPEM or in the native gastric epithelium. Intestinal metaplasia is also
associated with increased risk of gastric cancer as well as gastric ulcers and chronic
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gastritis. Mutations in tumor suppressor genes (APC, TP53) lead to dysplasia, which
then is followed by loss of heterozygosity at the DCC (deleted in colon cancer) locus
and APC (adenomatous polyposis coli) gene mutation, leading to intestinal type
carcinoma.

The Carneiro pathway is based on germline mutations in the E-cadherin gene
CDHI1. Mutations of CDH1 gene are responsible for 30-40 % of hereditary diffuse
gastric cancer syndrome. The second hit occurs in most cases by epigenetic silenc-
ing of CDH1 promoter by methylation, leading to signet ring carcinoma in situ and
ultimately to invasive signet ring carcinoma [20].

Classification

There are different classification schemes for gastric cancer, based on anatomic
location within the stomach, histological subtype, as well as degree of invasion.

Anatomic Classification

Based on the location of the carcinoma, gastric cancer can be divided into cardia
(proximal stomach) and distal (non-cardia). The incidence of distal tumors has
decreased in recent decades; in contrast, the occurrence of proximal tumors has
increased, especially in industrialized countries, apparently related to gastroesopha-
geal reflux disease. Adenocarcinomas of the cardia display a far more aggressive
behavior, invading the gastric and esophageal walls and metastasizing to local
lymph nodes; the 5-year survival rate is less than 15 % in the USA.

Of clinical interest is the distinction between distal esophageal and proximal
gastric cancers and the management of those lesions. The Siewert classification
divides the lesions into three types:

Type I: adenocarcinoma of the distal part esophagus (tumor center located between
1 and 5 cm above the anatomic gastroesophageal junction (GEJ)).

Type 1I: adenocarcinoma of the true gastric cardia (within 1 cm above and 2 cm
below the GEJ).

Type III: adenocarcinoma of the subcardial stomach (2-5 cm below the GEJ) [21].

Siewert proposed esophagectomy as the procedure of choice for Type I lesions
and total gastrectomy with extension into the esophagus for Type II and III lesions
[22]. The American Joint Commission on Cancer Classification (AJCC) considers
tumors of the gastroesophageal junction including the esophagus and the proximal
5 cm of the stomach as esophageal carcinomas and recommends the clinical man-
agement of these tumors follow the guidelines for esophageal cancer [23]. A lesion
with its center within 5 cm of the GEJ but without extension into the esophagus, and
a lesion with its center greater than 5 cm away from the GEJ are staged using gastric
carcinoma criteria [24].
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Degree of Invasion

Based on the degree of invasion gastric cancer can be classified as early or advanced.
Early cancers are those limited to the mucosa and submucosa irrespective of lymph
node involvement. The 5-year survival rate is 85-100 % for early gastric cancers.
Advanced gastric cancers are those invading beyond the submucosa and are divided
according to the Borrmann classification to (1) polypoid, (2) ulcerated, (3) ulcerated
infiltrating, and (4) diffusely infiltrating (also known as linitis plastica). The 5-year
survival for advanced cancers is 5-20 %.

Histologic Classification

The Lauren classification is the most commonly used histologic classification sys-
tem, and it divides the tumors into two types: intestinal and diffuse.

Intestinal type is so named due to the glandular forming neoplastic epithelium,
with cellular cohesion. Intestinal is the most common histologic type, found in
high-incidence populations.

Diffuse-type gastric cancer histologically is notable for a lack of cellular cohe-
sion, with independent cellular islands of tissue invasion. Signet ring cells are clas-
sified as diffuse type [25].

Presentation

The most common symptoms at initial diagnosis of gastric cancer are weight loss
(62 %) and persistent abdominal pain (52 %). Weight loss is often secondary to
insufficient caloric intake that may be attributable to anorexia, nausea, early satiety,
and dysphagia. Dysphagia is present in 26 % of patients and is a common symptom
in cancers arising in the proximal stomach. Abdominal pain tends to be epigastric,
vague and mild in early disease but more severe and constant as disease progresses.
Nausea (34 %) is present in patients with linitis plastica with poor gastric distensi-
bility or patients with gastric outlet obstruction due to an advanced distal tumor.
Occult gastrointestinal bleeding is not uncommon and can be accompanied by iron
deficiency anemia [26].

Diagnosis

Tissue diagnosis and anatomic localization of the primary tumor are best obtained
by upper gastrointestinal endoscopy. Although more invasive and more costly, upper
endoscopy is also more sensitive and specific for diagnosing a variety of gastric,
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esophageal, and duodenal lesions than alternative diagnostic strategies (such as
barium studies). The early use of upper endoscopy in patients presenting with gas-
trointestinal complaints may be associated with a higher rate of detection of early
gastric cancers.

The ability to perform biopsy during endoscopy adds to the clinical utility of this
modality. As up to 5 % of malignant ulcers appear benign grossly, it is imperative
that all such lesions be evaluated by biopsy and histologic assessment [27]. A bar-
ium exam may be more useful is in patients with linitis plastica. The decreased
distensibility of the stiff, “leather-flask”-appearing stomach is more apparent on a
radiographic study, while the endoscopic appearance may be relatively normal.

Staging

The most widely used staging system in gastric cancer was developed jointly by the
American Joint Committee on Cancer (AJCC) and the International Union Against
Cancer (UICC). This classification system is most often used in the Western hemi-
sphere and now commonly in Asian countries as well. The seventh edition was
introduced in 2010 and the major differences compared to the sixth edition involved
the depth of tumor invasion. Table 1 summarizes the TNM staging system for gastric
cancer. Table 2 shows the 5-year survival rate according to stage.

Table 1 TNM classification of gastric cancer based on 7th Edition of the AJCC Cancer Staging
Manual

T stage N stage M stage Stage
TO: No evidence | NO: No regional lymph | MO: No distant

of tumor node metastasis metastasis

Tis: Carcinoma | N1: 1-2 lymph nodes M1: Distant 0: TisNO
in situ metastasis

Positive cytology
is M1 disease

Tla: Lamina N2: 3—6 lymph nodes IA: TINO

propria

T1b: Submucosa IB: T2NO

T2: Muscularis | N3a: 7-15 lymph nodes ITA: T3NO, T2N1, TIN2

propria N3b: >15 lymph nodes IIB: T4aNO, T3N1, T2N2,
TIN3

T3: Subserosa IITA: T4aN1, T3N2, T2N3
IIIB: T4bNO, T4bN1, T4aN2,
T3N3
IIIC: T4bN2, T4bN3, T4aN3

T4a: Perforates IV: Any T, any N, M1

serosa

T4b: Invades
adjacent organ
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Table 2 Five-year survival Stage 5-year survival rate (%)
according to stage A 708

1B 57.4

ITA 45.5

1IB 32.8

A 19.8

11IB 14

Ic 9.2

v 4

Clinical staging is of high importance as it dictates the management of gastric
carcinoma: Stage I-III tumors are potentially curable while stage IV disease is
referred for palliative therapy based on the symptoms and functional status of the
patient. All stages are best managed by a multidisciplinary team.

CT scan of the chest abdomen and pelvis is performed early in the preoperative
evaluation after diagnosis of gastric cancer is made. It is best suited to stage the
cancer, assessing for degree of local involvement as well as for metastatic disease
(hepatic or adnexal metastases, ascites). Peritoneal metastases smaller than 5 mm
are frequently missed by CT scan, even when using modern CT technology [28].
Burke et al. compared staging laparoscopy to CT in 103 patients with gastric adeno-
carcinoma and no evidence of metastatic disease on CT scan. In 31 % of the patients,
laparoscopy identified biopsy-proven metastatic disease. The sensitivity and speci-
ficity of staging laparoscopy was 94 % and 100 %, respectively [29]. Karanicolas
and colleagues reviewed the SEER database to analyze frequency of staging lapa-
roscopy in the general population in the period between 1998 and 2005. Of 6388
patients, only 506 (8 %) underwent staging laparoscopy. Use of staging laparoscopy
increased over time (5.5 % in 1998 to 11.1 % in 2005, P<0.01), and patients tended
to be young and white, living in the Northeast, and with proximal cancers, and they
had fewer comorbidities than those who did not undergo staging laparoscopy.
Although increasing in use, staging laparoscopy seems to remain underutilized in its
potential benefit of avoiding unnecessary laparotomy [30].

Endoscopic ultrasonography (EUS) is considered the most reliable nonsurgical
method available for evaluating the depth of invasion of gastric cancers [31]. The
accuracy of EUS for differentiation of individual tumor stages (T1-T4) ranges from
77 to 93 %, with the experience of the operator markedly influencing these rates [32].
EUS is a more accurate predictor of the T stage compared to CT [33], although the
accuracy for nodal staging is only slightly greater [34]. The advantage of EUS in the
assessment of the nodal status is the ability to perform fine needle aspiration of suspi-
cious nodes and areas, which adds to the accuracy of nodal staging.

The role of positron emission tomography (PET) is still in evolution. PET is
more sensitive than CT scan in the detection of distant metastases [36]. An impor-
tant caveat is that the sensitivity of PET scanning for peritoneal carcinomatosis is
only 50 % [37]. Therefore PET cannot adequately replace staging laparoscopy for
detection of peritoneal metastases. NCCN guidelines for preoperative evaluation of
gastric cancer suggest integrated PET/CT. However, gastric cancer is not a reim-
bursable diagnosis for PET scanning in the US Medicare program.


http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
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Extent of Gastric Resection

Distal Disease

One of the biggest controversies in surgical treatment of gastric cancer is the extent
of the resection for distal lesions, i.e., whether a subtotal gastrectomy (SG) would
provide similar oncologic outcomes when compared to total gastrectomy (TG).
Gouzi et al. were the first to address this issue. In their prospective randomized
study 169 patients underwent either SG or TG. The perioperative morbidity (34 %
vs. 33 %) and mortality (3.2 % vs. 1.6 %) were similar. The overall 5-year survival
was 48 %, and the extent of resection was NOT associated with different survival.
Factors that determined survival were serosal invasion and lymph node involvement
[38]. Even underpowered, the study showed that SG was a viable treatment option
for distal lesions. A larger study by Bozzetti and colleagues included 624 patients
compared patients undergoing SG (320 patients) to TG (304 patients). In this study
perioperative mortality was the same between SG and TG (1.3 % vs. 2.3 %),
although morbidity was greater in the TG group (15.5 % vs. 10.3 % P=0.05). Mean
length of stay was improved in the SG group (13.8 days vs. 15.4 days P=0.001)
[39] and the 5-year survival as published subsequently was comparable between the
two groups (65.3 % vs. 62.4 %) [40]. One of the primary arguments in favor of SG
over TG is long term quality of life. Davies and colleagues evaluated 47 consecutive
patients who underwent potential RO resection for gastric cancer. TG was performed
for lesions of the proximal and middle thirds of the stomach and SG was performed
for those of the distal third. D2 dissection was performed, and the spleen and pan-
creas were preserved when possible. No patient received adjuvant chemotherapy.
Quality of life was assessed preoperatively and at 1, 3, 6, and 12 months postopera-
tively using five validated questionnaires. The Rotterdam symptom checklist and
the Troidl index achieved a statistically significant difference between the SG and
TG groups through 12 months postoperatively, with improved quality of life in the
SG group as compared to the TG group [41]. Based on approximately equivalent
long-term survival rates, potentially higher operative morbidity of TG, and improved
quality of life for patients undergoing SG, SG is favored for distal gastric cancer,
provided that adequate proximal margins of 5—-6 cm are obtained.

Proximal Disease

Another controversy in gastric cancer is the oncologic and functional adequacy of
proximal gastrectomy (PG) vs. total gastrectomy (TG) for malignancies of the prox-
imal third of the stomach. Kim and colleagues retrospectively reviewed patients
who underwent either PG or TG for proximal gastric cancer. PG was performed
only when the cancer was limited to the proximal one-third. Between 1992 and
2000, 43 patients underwent PG and 104 underwent TG. The groups were fairly
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well matched for tumor characteristics, including size and differentiation, although
all T4 lesions were resected via TG. The majority of the PG group underwent D1
dissection, whereas the majority of the TG group underwent at least D2 dissection.
The PG group experienced higher perioperative morbidity (48.8 % vs. 14.4 %), most
commonly anastomotic strictures, and higher rate of recurrence (39.5 % vs. 4.8 %).
Overall 5-year survival was similar (48.6 % in TG vs. 46.0 % in PG). This survival
equivalence held for stage I or stage II disease; however for stage III disease, 5-year
survival after TG was significantly improved (38.4 % vs. 17.1 %). Therefore, the
authors concluded that PG is best applied in early gastric cancer with achievable
margins and limited nodal involvement [42].

An et al. investigated the outcomes of PG compared to TG in patients with
proximal early gastric cancer. From 2000 to 2005, 423 patients underwent PG (89
patients) or TG (334 patients) for stage I or stage II proximal gastric adenocarci-
noma. The TG group had larger tumors (4.0 cm vs. 2.5 cm) and more mean lymph
nodes harvested (39.1 vs. 22.4). PG was associated with higher morbidity (61.8 %
vs. 12.6 %), most often anastomotic stenosis and esophageal reflux, and these were
successfully treated with balloon dilatation. 5-year survival was similar between the
two groups (99.2 % in PG vs. 98.5 % in TG), as were long-term body weight and
nutritional markers. Due to the higher perioperative morbidity the authors did not
recommend proximal gastrectomy even for early gastric malignancies.

Laparoscopic Gastric Resection

After the initial introduction of laparoscopic gastrectomy for gastric cancer by
Kitano et al. in 1993, the procedure has evolved significantly and is now considered
one of the standard minimally invasive procedures for the treatment of early gastric
cancer. There is a growing volume of literature comparing laparoscopic to open
gastrectomy for early gastric cancer in the distal stomach. The first randomized
studies published by Kitano, Huscher, Hayashi, and Lee were underpowered, with
the number of patients recruited less than 50 [44—47], but with the same results and
the same theme. The laparoscopic distal gastrectomy (LADG) group had less opera-
tive blood loss, shorter length of stay, quicker return to diet compared to the open
distal gastrectomy group (ODG), and the perioperative morbidity and mortality as
well as long-term survival was comparable in both laparoscopic and open gastrec-
tomies. The largest and most notable randomized controlled study of laparoscopic
vs. open distal gastrectomy for early gastric cancer is the Korean multicenter trial
named KLASS (Korean Laparoendoscopic Gastrointestinal Surgery Study).
Included were patients with clinical stage I gastric adenocarcinoma. The primary
endpoint was overall survival, and the secondary endpoints were disease-free sur-
vival, morbidity, mortality, quality of life, inflammatory and immune responses, and
cost-effectiveness. A distal gastrectomy with D1+ or D2 LN dissection was
performed in both groups. Reconstruction was performed by Billroth I or Billroth II
or Roux-en-Y fashion, depending on surgeon preference. To assure high surgical
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quality, surgery was performed by 15 surgeons, who had performed at least 50 cases
each of LADG and ODG, at 12 high-volume institutions, which had performed
more than 80 cases of distal gastrectomy per year. From February 2006 to August
2010, 1415 patients (704 LADG and 711 ODG) were enrolled, and the final results
are expected to be reported in September 2015 [48]. The interim analysis of this
KLASS-01 trial was published in 2010. A total of 342 patients were randomized
(179 LADG and 161 ODG). There were no significant differences between the two
groups concerning patient demographics. The postoperative complication rates of
LADG and ODG groups were 10.5 % (17/179) and 14.7 % (24/163, p=0.137). The
postoperative mortality was 1.1 % (2/179) and 0 % (0/163) in the LADG and ODG
groups (p=0.497). The authors concluded that there was no significant difference in
the morbidity and mortality between the two groups [49]. Another important Korean
single-center RCT, conducted by Kim et al. [16], was published in 2008. This study
aimed to evaluate the quality of life after LADG compared to ODG (n=82 in each
group) in patients with EGC. The LADG group showed better functional and symp-
tom scales of EORCT QLQ-C30 and QLQ-STO22 at 3 months after surgery. Also,
intraoperative blood loss, total amount of postoperative analgesics, and postopera-
tive hospital stay were significantly less in the LADG group. The authors concluded
that LADG resulted in improved quality of life outcomes after surgery in EGC
patients compared to ODG. To evaluate the long term results of LADG Strong et al.
from Memorial Sloan-Kettering Cancer Center reported a retrospective case—con-
trol study comparing 30 LADG with 30 ODG. Controls were matched for stage,
age, and gender from 2005 to 2008. The mean number of resected LNs was 18
(range: 7-36) in the LADG group and 21 (range: 7—44) in the ODG group (p=0.03).
There were four recurrences (13.3 %) in the LADG group during 11 months of
follow-up and five recurrences (16.6 %) in the ODG group during 13.8 months of
follow-up (p=0.71).

Laparoscopic Gastrectomy for Advanced Gastric Cancer

As the sophistication of available technology has improved and laparoscopic expe-
rience has evolved, laparoscopic resections with extensive lymphadenectomy for
advanced gastric cancer (AGC) have emerged. A recent meta-analysis, including
seven case—control studies with 1271 AGC patients (626 LADG and 6450DG),
showed that LADG patients had longer operative time but less estimated blood loss,
less analgesic requirement, and a shorter hospital stay compared with patients
undergoing ODG. There were no significant differences between the two groups in
number of LN harvested, postoperative mortality, overall complications, and 3-year
overall survival rate. Therefore, the authors concluded that the oncologic outcomes
of LADG for AGC patients were comparable with an open approach [50]. Based on
this data the KLASS two trial was launched in October 2011 to compare LADG to
ODG for advanced gastric cancer. The estimated sample size is 1050 and the pri-
mary endpoint is 3-year disease-free survival rate. As the surgical quality may
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emerge as an important issue in this clinical trial, surgeons are required to undergo
a quality assessment before joining the trial. On February 2013, 18 surgeons at 11
institutes had been approved, and 316 patients out of 1050 (30.1 %) were enrolled
for the last year. The results of this trial are eagerly anticipated.

Extent of Lymph Node Dissection

One of the most controversial areas in the surgical management of gastric cancer is the
optimal extent of lymph node dissection. Japanese surgeons routinely perform
extended lymphadenectomy, a practice that some suggest at least partially accounts
for the better survival rates in Asian as compared to Western series. The term “extended
lymphadenectomy” variably refers to either a D2 or a D3 lymph node dissection.
Table 3 shows the different gastric lymph node stations, divided according to the
Japanese classification [51]. Stations 1-6 are perigastric, and the remaining ten are
located adjacent to major vessels, behind the pancreas, and along the aorta.

* DI lymphadenectomy refers to a limited dissection of only the perigastric lymph
nodes.

* D2 lymphadenectomy is an extended lymph node dissection, entailing removal
of nodes along the hepatic, left gastric, celiac, and splenic arteries as well as
those in the splenic hilum (stations 1-11).

* D3 dissection is an extensive lymphadenectomy. The term has been used by
some to describe a D2 lymphadenectomy plus the removal of nodes within the
porta hepatis and periaortic regions (stations 1-16), while others use the term to
denote a D2 lymphadenectomy plus periaortic nodal dissection (PAND) alone.
Most Western surgeons (and the AJCC/UICC TNM staging classification) clas-
sify disease in these regions as distant metastases and do not routinely remove
nodes in these areas during a potentially curative gastrectomy.

The arguments in favor of extended lymphadenectomy (i.e., D2 or D3 vs. D1) are
that removing a larger number of nodes more accurately stages disease extent and
that failure to remove these nodes leaves behind disease (failure of therapy) in as
many as one-third of patients [52]. A consequence of more accurate staging is to
minimize stage migration [53, 54]. The resulting improvement in stage-specific
survival may explain, in part, the better results in Asian patients.

The influence of total lymph node count on stage-specific survival was studied in
a series of 3814 patients undergoing gastrectomy for T1-3NO-1 (classified accord-
ing to the 1997 AJCC gastric cancer staging system and reported to the Surveillance,
Epidemiology and End Results (SEER) database between 1973 and 2000) [55]. For
every stage subgroup (T1/2NO, T1/2N1, T3NO, T3N1), survival was significantly
better as more nodes were examined. Although cut point analysis revealed the great-
est survival difference when ten lymph nodes were examined, there were significant
survival differences for cut points up to 40 nodes examined, always in favor of a
greater number of nodes in the specimen.
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Table 3 Gastric lymph node stations, according to Japanese classification of gastric carcinoma:
3rd English edition. Gastric Cancer. 2011 Jun;14(2):101-12

Lymph

node station | Definition

1

3a
3b

4sa
4sb
4d

8a
8p

10

11p
11d

12a

12b

12p

13

14v
15
16al
16a2

16b1

Right paracardial LNs, including those along the first branch of the ascending
limb of the left gastric artery

Left paracardial LNs including those along the esophagocardiac branch of the
left subphrenic artery

Lesser curvature LNs along the branches of the left gastric artery

Lesser curvature LNs along the second branch and distal part of the right gastric
artery

Left greater curvature LNs along the short gastric arteries (perigastric area)
Left greater curvature LNs along the left gastroepiploic artery (perigastric area)

Rt. greater curvature LNs along the second branch and distal part of the right
gastroepiploic artery

Suprapyloric LNs along the first branch and proximal part of the right gastric
artery

Infrapyloric LNs along the first branch and proximal part of the right
gastroepiploic artery down to the confluence of the right gastroepiploic vein and
the anterior superior pancreatoduodenal vein

LNs along the trunk of left gastric artery between its root and the origin of its
ascending branch

Anterosuperior LNs along the common hepatic artery

Posterior LNs along the common hepatic artery

Celiac artery LNs

Splenic hilar LNs including those adjacent to the splenic artery distal to the
pancreatic tail, and those on the roots of the short gastric arteries and those along
the left gastroepiploic artery proximal to its first gastric branch

Proximal splenic artery LNs from its origin to halfway between its origin and the
pancreatic tail end

Distal splenic artery LNs from halfway between its origin and the pancreatic tail
end to the end of the pancreatic tail

Hepatoduodenal ligament LNs along the proper hepatic artery, in the caudal half
between the confluence of the right and left hepatic ducts and the upper border of
the pancreas

Hepatoduodenal ligament LNs along the bile duct, in the caudal half between the
confluence of the right and left hepatic ducts and the upper border of the pancreas
Hepatoduodenal ligament LNs along the portal vein in the caudal half between
the confluence of the right and left hepatic ducts and the upper border of the
pancreas

LNs on the posterior surface of the pancreatic head cranial to the duodenal
papilla

LNs along the superior mesenteric vein

LNs along the middle colic vessels

Para-aortic LNs in the diaphragmatic aortic hiatus

Para-aortic LNs between the upper margin of the origin of the celiac artery and
the lower border of the left renal vein

Para-aortic LNs between the lower border of the left renal vein and the upper
border of the origin of the inferior mesenteric artery
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There are two main arguments against the routine use of an extended
lymphadenectomy: the higher associated morbidity (particularly if splenectomy is
performed in order to achieve extended lymphadenectomy) and the lack of a sur-
vival benefit for extended lymphadenectomy in most large randomized trials.

Although retrospective reports suggest that extended lymphadenectomy improves
survival [56-58], this survival benefit failed to materialize in multiple prospective
randomized trials both in Asian and Western populations, and a meta-analysis failed
to show an overall survival benefit with D2 vs. D1 lymphadenectomy [59-63] or
with D3 compared to D2 lymphadenectomy [64]. The range of findings can be illus-
trated by the three largest trials.

The Medical Research Council (MRC) randomly assigned 400 patients under-
going potentially curative resection to a D1 or a D2 lymphadenectomy [61].
Postoperative morbidity was significantly greater in the D2 group (46 % vs.
28 %), as was operative mortality (13 % vs. 6 %). The excess morbidity and mor-
tality were clearly associated with the use of splenectomy and distal pancreatec-
tomy to achieve complete node dissection. In a later follow-up, 5-year survival
rates were no better for patients undergoing D2 compared to D1 dissection (33 %
vs. 35 %) [65].

The largest randomized trial came from the Dutch Gastric Cancer Group and
compared D1 with D2 lymphadenectomy in 711 patients who were treated with
curative intent [62, 66]. This trial relied heavily upon input from a Japanese sur-
geon, who trained 11 Dutch surgeons in the technique of radical lymph node dissec-
tion and monitored the operative procedures. Despite these efforts to maintain
quality control of the surgical procedures, both under removal and over removal of
required nodal stations occurred, somewhat blurring the distinction between the
groups.

As was shown in the MRC trial, both postoperative morbidity (43 % vs. 25 %)
and mortality (10 % vs. 4 %) were higher in the D2 group. Moreover, a statistically
significant survival advantage in the radical dissection group was not observed, both
in the initial report and with longer follow-up [67], despite a significantly lower risk
of recurrence. This was attributed to the detrimental impact of increased operative
mortality in this group.

The conclusion of the Dutch trial (and its accompanying editorial [68]) was that
D2 lymph node dissection could not be routinely recommended.

Many clinicians consider that both the Dutch and the MRC trials are flawed.
The design of the Dutch trial was based upon the assumption that radical lymph
node dissection would increase the survival rate from 20 to 32 %, likely an over-
estimation of benefit. Furthermore, 40 % of enrolled patients had early gastric
cancer, an unexpectedly high proportion that was not anticipated when the trial
was designed.

Moreover, both the MRC and the Dutch studies were relatively underpowered
for the group of patients most likely to benefit from the extended dissection. If the
proportion of patients with N2 disease is approximately 30 %, and only approxi-
mately one-fourth of these patients survive 5 years after a potentially curative D2
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lymphadenectomy, less than 8 % of patients benefit long term. These results indicate
that one additional life might be saved for every 13 patients undergoing a D2 dissec-
tion and that much larger sample sizes are needed. Thus, the benefit of D2 versus
D1 dissection (particularly using safer spleen-preserving D2 dissection techniques)
remains controversial.

The Dutch trial has been updated with 15-year follow-up [67]. The survival
curves have continued to separate, although the difference in overall survival is still
not statistically significant (22 % vs. 28 % in the D1 and D2 arms, respectively,
p=0.34). However, the gastric cancer-related death rate is significantly higher in the
D1 arm (48 % versus 37 %) while death rates due to other causes were not different.
This supports the concept that if the D2 dissection can be done with low operative
mortality, similar to that of a D1 dissection (as occurs in high volume centers), there
will be a positive survival impact. This mirrors the conclusion of the latest Dutch
trial paper that D2 dissection is recommended in patients with potentially curable
gastric cancer. In summary, given the apparent impact of D2 lymphadenectomy on
disease specific survival, most major cancer centers are performing a D2 as com-
pared to a D1 dissection. Treatment guidelines published by the National
Comprehensive Cancer Network recommend that D2 lymph node dissection is pre-
ferred over a D1 dissection. However, in view of the higher reported rates of opera-
tive morbidity when this procedure has been performed in randomized trials, this
recommendation is valid in high-volume centers.

If there is a survival benefit to be gained by extended lymphadenectomy, it
requires that there be no added operative morbidity. A pancreas and spleen-
preserving D2 lymphadenectomy provides superior staging information and may
provide a survival benefit while avoiding its excess morbidity. Splenectomy during
gastric resection for tumors not adjacent to or invading the spleen or the tail of the
pancreas increases morbidity without improving survival. Thus it is not recom-
mended unless there is direct tumor extension.

The debate between D3 and D2 lymph node dissection was addressed by the Japan
Clinical Oncology Group (JCOG) study 9501. The study randomly assigned 523
patients to D2 versus D3 (D2 with para-aortic lymph nodes) dissection. The overall
perioperative complication rate in the D3 group was significantly higher (28.1 % vs.
20.9 %), although there were no differences in major complications (anastomotic
leak, pancreatic fistula, abdominal abscess, pneumonia) and perioperative mortality
was very low (0.8 %) in both groups [64]. Five-year recurrence-free (approximately
63 % in both groups) and overall survival (70 % vs. 69 %) were no better after extended
lymphadenectomy [69].

A meta-analysis of the JCOG trial and two other smaller randomized trials of D2
versus D3 (with PAND) dissection [70, 71] concluded that resection of the para-aortic
nodes was inferior to a D2 dissection in terms of safety and without any survival
benefit [72]. Thus, para-aortic lymphadenectomy should not be considered a routine
practice for surgical treatment of gastric cancer.
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Adjuvant Therapy

Adjuvant Chemotherapy

More than 30 randomized trials have compared adjuvant systemic chemotherapy
to surgery alone in resectable gastric cancer, with variable, mostly negative results
when overall survival is considered as the primary endpoint. While some of the
trials were clearly underpowered to detect a significant survival difference, others
utilized inferior surgical techniques, or much of the planned chemotherapy was
not given because of prolonged recovery from surgery. The GASTRIC Group
(Global Advanced/Adjuvant Stomach Tumor Research International
Collaboration) identified 31 eligible trials from 1970 to 2009 and was able to
obtain Individual Patient Data (IPD) from 17 of them [73]. An examination of the
eligible studies does not indicate any bias with respect to studies for which the
authors were and were not able to obtain the IPD. These authors used a fixed
effects model and determined that there was a modest advantage of postoperative
chemotherapy for OS (hazard ratio [HR] 0.82, 95 % CI 0.76-0.90; p\0.001) based
on 17 trials, and for disease-free survival (HR 0.82, 95 % CI 0.75-0.90; p\0.001)
based on 14 trials.

Adjuvant Chemoradiotherapy

The largest and most recent trial, US Intergroup INTO116, provides the most com-
pelling data in support of adjuvant chemoradiotherapy following complete surgical
resection, particularly since it used contemporary radiation therapy (RT) techniques
and concurrently administered fluoropyrimidine radiosensitization [74]. Following
potentially curative resection of gastric or EGJ cancer (T1-4, NO-1), 556 patients
were randomly assigned to observation alone or adjuvant combined chemoradio-
therapy. Treatment consisted of one cycle of FU and leucovorin calcium daily for
5 days, followed 1 month later by RT (45 Gy in daily 1.8 Gy fractions) given with
concurrent FU and leucovorin calcium on days 1 through 4, and on the last 3 days
of RT. Radiation treatment volumes were subject to centralized pretreatment review.
Two more 5-day cycles of chemotherapy were given at monthly intervals beginning
1 month after completion of chemoradiotherapy.

The majority of tumors were T3/T4 (68 % and 69 % of the treated and control
groups, respectively), and 85 % had nodal metastases. Three-year disease-free
(48 % vs. 31 %) and overall survival rates (50 % vs. 41 %) were significantly bet-
ter with combined modality therapy, and median survival was significantly longer
(36 months vs. 27 months). Benefits were maintained with longer follow-up
(5-year overall survival 43 % vs. 28 %, hazard ratio [HR] for survival 1.32 (95 %
CI 1.10-1.60)) [75].
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This study has shaped the treatment of gastric cancer in the United States and
adjuvant chemoradiotherapy is now the standard of care. A criticism of this trial was
the limited extent of the surgical procedure in most cases. Although D2 lymph node
dissection was recommended, it was only performed in 10 % of cases, and 54 % did
not even have clearance of the D1 nodal regions. This noncompliance likely contrib-
uted to inferior survival and a 64 % relapse rate in the surgery alone arm.

Chemotherapy vs. Chemoradiotherapy

In the largest trial, the ARTIST trial, 458 patients with complete resected gastric
cancer and a D2 lymph node dissection were randomly assigned to six courses of
postoperative capecitabine plus cisplatin (XP) or two courses of postoperative XP
followed by chemoradiotherapy (45 Gy RT with concurrent daily capecitabine
[825 mg/m? twice daily]) and two additional courses of XP [76]. Compared to che-
motherapy alone, the addition of RT to XP chemotherapy did not significantly
reduce recurrence rates, although in unplanned subgroup analysis, patients with
nodal metastases had superior disease-free survival with combined therapy as com-
pared to XP alone. Overall survival, a secondary endpoint, was not analyzed.

In the latest update, presented at the 2014 annual ASCO meeting, at a median
follow-up of 84 months, 3-year disease-free survival (the primary endpoint) was not
significantly better in patients who received combined modality therapy (hazard ratio
[HR] 0.74, 95 % CI 0.52-1.05), although unplanned subset analysis did indicate a
significantly better outcome with chemoradiotherapy in those with node-positive dis-
ease (3-year DFS 76 % versus 72 %, p=0.004) [77]. Overall survival, a secondary
endpoint, was also not significantly different (HR 1.13, 95 % CI 0.775-1.647).

The hypothesis that adjuvant chemoradiotherapy may represent a better approach
than adjuvant chemotherapy for patients with node-positive disease will be tested in
a successor trial, the ARTIST-II trial.

Neoadjuvant Therapy

In contrast to the situation in the USA, the standard of care for treatment of gastric
cancer in many parts of Europe is neoadjuvant or perioperative (preoperative plus
postoperative) chemotherapy. In Japan and Southern Europe, patients routinely
receive postoperative chemotherapy alone, although this practice seems to be chang-
ing, given the better tolerability of preoperative chemotherapy.

Neoadjuvant chemotherapy may be administered as a means of “downstaging” a
locally advanced tumor prior to an attempt at curative resection. This approach has
been applied to patients thought to have resectable disease as well as those with
apparently unresectable but nonmetastatic disease. Another benefit of neoadjuvant
chemotherapy is that patients who are at high risk of developing distant metastases
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(e.g., those with bulky T3/T4 tumors, visible perigastric nodes by preoperative
imaging studies including endoscopic ultrasound, a linitis plastica appearance, or
positive peritoneal cytology in the absence of visible peritoneal disease) may be
spared the morbidity of unnecessary gastrectomy if evidence of distant metastases
emerges after chemotherapy.

The MAGIC (Medical Research Council Adjuvant Gastric Infusional
Chemotherapy) trial reported by Cunninghamet et al. [78] in 2006 is the largest trial
incorporating preoperative therapy to date and the only randomized trial with a
perioperative approach. A total of 503 patients were randomized to preoperative and
postoperative epirubicin, cisplatin, fluorouracil (ECF), or surgery alone. Patients
with adenocarcinoma of the stomach or lower third of the esophagus who had stage
IT or higher (MO) disease or locally advanced inoperable disease were included. It
should be noted that only 68 % of patients underwent curative surgery, while the
remaining patients had palliative surgery, no surgery, or surgery of unknown intent.
Of the patients assigned to perioperative ECF, 41.6 % completed all six cycles of
chemotherapy, and 49.5 % of the patients who completed preoperative ECF also
completed postoperative therapy. Despite the fact that only 42 % of the patients
were able to complete the protocol treatment, overall survival was significantly bet-
ter in the chemotherapy group (hazard ratio [HR] for death 0.75, 95 % CI1 0.60-0.93)
as was progression-free survival (PFS, HR for progression 0.66). The 25 % reduc-
tion in the risk of death favoring chemotherapy translated into an improvement in
5-year survival from 23 to 36 %. Local failure occurred in 14 % of the chemotherapy-
treated patients compared to 21 % of those undergoing surgery alone. Distant
metastases developed in 24 % and 37 % of patients, respectively.

A similar benefit for perioperative chemotherapy was noted in a French multi-
center trial (FNLCC/FFCD trial) in which 224 patients with potentially resectable
stage II or greater adenocarcinoma of the stomach (n=55), EGJ (n=144) or distal
esophagus (n=25) were randomly assigned to two to three cycles of preoperative
chemotherapy (infusional FU plus cisplatin on day 1 or 2, every 4 weeks) or surgery
alone. Patients in the chemotherapy arm were to receive three to four cycles of post-
operative chemotherapy as well. Patients undergoing neoadjuvant chemotherapy
were significantly more likely to undergo RO (microscopically complete) resection
(84 % vs. 713 %), and there was a statistically insignificant trend toward fewer node-
positive tumors (67 % vs. 80 %, p=0.054) that favored this group as well. Among
the patients who received at least one cycle of preoperative chemotherapy, only
one-half received any postoperative chemotherapy. With a median 5.7-year follow-
up, perioperative chemotherapy was associated with a significant 35 % reduction in
the risk of disease recurrence (5-year disease-free survival 34 % vs. 19 %) and a
significant, 31 % lower risk of death (5-year survival 38 % vs. 24 %) [79].

Studies comparing postoperative chemoradiotherapy to perioperative chemo-
therapy are not available, and thus the recommendations for adjuvant therapy are
outlined in a systematic review and practice guideline by Knight et al. [80]:

* Postoperative 5-fluorouracil (5-FU)-based chemoradiotherapy (CRT) based on
the Macdonald approach [74] or perioperative epirubicin/cisplatin/5-FU (ECF)
chemotherapy based on the Cunningham/Medical Research Council Adjuvant
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Gastric Infusional Chemotherapy (MAGIC) approach [78] are both acceptable
standards of care in North America. Choice of treatment should be made on a
case-by-case basis.

Adjuvant chemotherapy is a reasonable option for those patients for whom the
Macdonald and MAGIC protocols are contraindicated.

Patients with resectable gastric cancer should undergo a pretreatment multidisci-
plinary assessment to determine the best plan of care. In addition to surgery, all
patients should be considered for neoadjuvant and/or adjuvant therapy.

Follow-Up and Surveillance

Based on NCCN guidelines, follow-up should include a complete history and physi-
cal examination every 3—6 months for the first 2 years, every 6-12 months for
3-5 years, and then annually thereafter. Routine surveillance for asymptomatic
recurrence is not currently supported by data. Thus, imaging and endoscopy are
reserved for symptomatic patients. Patients who have undergone surgical resection
should be monitored and treated as indicated for vitamin B12 and iron deficiency.
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Gastrointestinal Stromal Tumors

Daniel Delitto and Kevin E. Behrns

Introduction

Gastrointestinal stromal tumors (GISTs) represent a distinct group of neoplasms
originating in the stromal, or connective tissue, compartment of the gastrointestinal
tract. GISTs comprise a recently recognized subgroup of sarcomas, which typically
describe malignancies originating in connective tissue. Earlier classification
schemes combined GISTs and leiomyomas as one entity. In time, immunohisto-
chemical analysis revealed a lack of smooth muscle expression in the former, setting
the stage for subsequent molecular characterization of GISTs. In 1998, this charac-
terization eventually led to the identification of a c-kit gain of function mutation,
and the widespread use of imatinib, a small molecular c-kit inhibitor of c-kit [1].
This discovery revolutionized the treatment of GIST by introducing effective medi-
cal therapy as a viable adjunct to the surgical treatment of GISTs. Indeed, these
findings have spawned the description of aberrant growth signaling through consti-
tutively active tyrosine kinase receptors in many tumor types and inhibition of
growth signaling continues to hold widespread influence in cancer research. In this
review, we will discuss the surgical approach to GISTs, encompassing all relevant
aspects from patient presentation through perioperative management.
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Epidemiology

GISTs represent the most common subtype of sarcoma, accounting for 18 % of
sarcomas in a population-based European study [2]. The incidence ranges from 7
to 10 cases per million in Europe and the United States with a prevalence of
approximately 130 cases per million population [2—4]. GISTs may arise from any
portion of the gastrointestinal tract, although a strong predilection exists for the
stomach and small intestine. Pooled population-based cohort analyses indicate the
occurrence of approximately 56-60 % of GISTs in the stomach, 30-33 % in
the small intestine, 5—10 % in the colon or rectum, and approximately 1 % in the
esophagus [5]. Importantly, approximately 23 % of patients present with overt
metastatic disease [6].

The incidence of GISTs may display a slight predilection toward men, although
the difference is small, and the evidence appears to be inconsistent between popula-
tions [5, 7]. A slight racial disparity is evident in the development of GISTs accord-
ing to a large American population-based investigation, with African Americans
exhibiting roughly double the incidence [7]. Median age at the time of diagnosis is
63 years, with less than 0.5 % of patients younger than 20 years of age [5, 7]. The
major risk factor for GIST development is a personal history of cancer, present in
34 9% of patients, a surprisingly high risk factor [6, 8].

Pathology

Morphologically, GISTs share many features with sarcomas. However, molecular
characterization has confirmed GISTs as a separate entity, and specific histopatho-
logic findings are necessary to confirm the diagnosis. Other connective tissue
tumors that share characteristics with GISTs include Schwannomas and ganglio-
cytic paragangliomas. However, these neoplasms have distinct immunohistochem-
istry findings (Table 1), and gangliocytic paragangliomas are almost exclusively
found in the duodenum. In particular, the interstitial cells of Cajal (ICC) have been
implicated as a common GIST progenitor, marking a striking separation from other
stromal tumors in the GI tract. Evidence for an ICC progenitor stems from early
immunohistochemical analyses of GIST specimens, which displayed positivity of
c-kit and CD34 in both malignant cells and a subset of ICC [9, 10]. Since its discov-
ery in the 1990s, c-kit expression remains the hallmark of GIST diagnosis. c-kit is
a receptor tyrosine kinase which dimerizes upon binding to its ligand, stem cell
factor (SCF). Subsequent transphosphorylation leads to the induction of multiple,
cell pro-survival, proliferative pathways [11-13]. A c-kit gain of function mutation
is present in 75-80 % of GISTs, most commonly in the juxtamembrane domain of
exon 11 [1, 14].
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Of the remaining 20-25 % of GISTs without a c-kit mutation, approximately
one-third harbor a mutation in the platelet-derived growth factor receptor (PDGFR),
another receptor tyrosine kinase with similar growth-promoting properties to c-kit
[15, 16]. The remaining GISTs, which do not display mutations in either c-kit or
PDGEFR, are referred to as wild-type tumors. This nomenclature, however, is slightly
inaccurate, as these tumors have a high incidence of other known oncogenic muta-
tions, such as BRAF [17], SDH [18, 19], RAS [20], and NF1 [21]. Thus, GISTs
display a unique pattern of oncogenic traits. This knowledge has led to major break-
throughs in their diagnosis and treatment.

Diagnosis

It is important to note that GISTs can grow quite large prior to causing symptoms.
For example, an Italian series of 47 consecutive patients diagnosed with GIST cor-
related symptoms with tumor size. Interestingly, the average size of symptomatic
GISTs was 8.9 cm, while the average size of incidentally found GISTs was 2.7 cm
[4]. Accordingly, it is estimated that 25 % of GISTs are found incidentally [4, 8, 22].
Symptomatic patients present most frequently with either abdominal discomfort or
gastrointestinal bleeding and subsequent anemia [23].

Endoscopic biopsy of the submucosal tumor represents the preferred diagnos-
tic method, which prevents tumor seeding in the abdominal cavity. Histologic
diagnosis is of particular benefit if there is any suspicion for other sarcoma sub-
types or situations involving a marginally resectable or unresectable tumor to
guide chemotherapy. However, if a submucosal lesion in the stomach is easily
resectable and has characteristic features of GIST, biopsy is not required prior to
resection.

Typically, the diagnosis is made by immunohistochemistry displaying a c-kit
positive stromal malignancy. However, it is worthwhile to discuss the differential
diagnosis for a c-kit positive lesion. Importantly, metastatic melanoma should
always be considered, as they are commonly c-kit positive. Other common malig-
nancies, which stain c-kit positive, include seminomas and small cell lung carcino-
mas. Additionally, 50 % of angiosarcomas, 50 % of Ewing’s sarcomas, and 30 % of
neuroblastomas are c-kit positive [24].

The diagnosis may be complicated by the 5 % of GISTs, which stain negative for
c-kit. The most important point to remember concerning these situations is that a
pathologist experienced in GIST diagnosis must be employed. Multiple additional
diagnostic methods have been applied in this situation, including the detection of
PDGFR-A [25], BRAF [17], protein kinase C-theta [26], and DOG1 (discovered on
GIST1) [27].

Once the diagnosis is made histologically, further imaging is of limited utility.
Endoscopic ultrasound (EUS) has been demonstrated to better characterize tumor
size and aid in prognostic staging. Additionally, EUS with fine needle aspiration
biopsy is a viable, less invasive option for histologic diagnosis, yielding a sensitivity



Gastrointestinal Stromal Tumors 29

of approximately 84 % [28]. Nodal staging is of limited value as well, as lymphatic
spread is not characteristic of a GIST. Further, staging is typically unnecessary for the
head, neck, and chest, as extra-abdominal metastases are exceedingly infrequent.

Risk Stratification

Pathologic and clinical features of GISTs affecting prognosis remain controversial.
A prognostic nomogram developed at the Memorial Sloan-Kettering Cancer Center
from 127 patients has been subsequently validated in two larger cohorts of GIST
patients. The results successfully predicted recurrence-free survival and established
the current model of risk stratification recommended in GIST. Based on their con-
clusions, high-risk features include size greater than 3 cm, mitotic rate exceeding
five per high-powered field (HPF) and a non-gastric location [29]. Subsequent
investigations have confirmed the predictive value of size, mitotic rate, and location
on prognosis [30-32]. An example of a widely used risk stratification model
employed by the 2008 National Comprehensive Cancer Network (NCCN) guide-
lines is displayed in Table 2.

Table 2 Risk stratification of primary GISTs

Tumor parameters | Risk for progressive disease® (%), based on site of origin
Mitotic Size

rate (cm) | Stomach Jejunum/ileum Duodenum Rectum
<Sper50 |<2 None (0 %) None (0 %) None (0 %) None (0 %)
HPF >2, | Very low Low (4.3 %) Low (8.3 %) Low (8.5 %)

<5 (1.9 %)

>5, Low (3.6 %) Moderate (24 %) | Insufficient data | Insufficient data

<10

>10 | Moderate High (52 %) High (34 %) High (57 %)

(10 %)

>5 per <2 None® High® Insufficient data | High (54 %)
HPF >2, | Moderate High (73 %) High (50 %) High (52 %)

<5 (16 %)

>5, High (55 %) High (85 %) Insufficient data | Insufficient data

<10

>10 | High (86 %) High (90 %) High (86 %) High (71 %)

Adapted from Miettinen, M., et al. (2005). “Gastrointestinal stromal tumors of the stomach: a
clinicopathologic, immunohistochemical, and molecular genetic study of 1765 cases with long-
term follow-up.” Am J Surg Pathol 29(1): 52-68 and “NCCN Task Force report: update on the
management of patients with gastrointestinal stromal tumors.” J Natl Compr Canc Netw 8 Suppl
2: S1-41; quiz S42-44

“Defined as metastasis or tumor-related death in long-term follow-up of 1055 gastric, 629 small
intestinal, 144 duodenal, and 111 rectal GISTS

*Denotes small numbers of cases
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Medical Management

Prior to the development of imatinib, GISTs were treated with cytotoxic chemo-
therapy, yielding abysmal results. The median survival for tumors treated with cyto-
toxic chemotherapy was approximately 14—18 months [33]. As a result, cytotoxic
chemotherapy is not recommended currently as a treatment for GIST. Imatinib
treatment is now the standard of care, by NCCN recommendations.

The major role for adjuvant imatinib arose from a phase 3 trial, in which 713
patients were randomized postoperatively to receive imatinib versus placebo for 1
year [30]. Ninety-eight percent of patients in the imatinib group experienced 1-year
recurrence-free survival compared to only 83 % in the placebo group. Additionally,
at median follow-up of 20 months, 30 % of the placebo group had either recurred or
died, compared to only 8 % of the imatinib group. Additionally, the benefits of ima-
tinib were especially significant with larger tumors, with thresholds of 6 cm and
10 cm being analyzed [30]. A similar trial examined the duration of imatinib treat-
ment postoperatively, comparing 36 months to 12 months of therapy. The 5-year
recurrence-free and overall survivals were 66 and 92 % for 3 years of therapy and
48 and 82 % for 1 year of therapy, respectively [31].

Thus, the NCCN 2012 guidelines state that 1 year of adjuvant imatinib therapy is
appropriate in intermediate and high-risk GISTs [34]. Based on the criteria dis-
cussed under risk stratification, features justifying adjuvant treatment with imatinib
include 5 mitoses/5S0 HPF, size greater than 3 cm, non-gastric location or tumor
rupture [30, 31]. Further, for GISTs at least 5 cm in size, 3 years of adjuvant ima-
tinib is recommended [34].

Additionally, it is pertinent to discuss recommendations for neoadjuvant ima-
tinib, as this directly affects the surgeon’s operative planning. Several trials have
formed the foundation justifying preoperative administration of imatinib. The first
is the RTOG 0132 phase 2 trial, in which 30 patients with primary GIST received
8-12 weeks of neoadjuvant imatinib. A partial response was observed in 7 % of
patients, stable disease in 83 % of patients, and 2-year progression-free and overall
survival was 83 and 93 %, respectively [35]. A similar trial employed a longer dura-
tion of therapy, examining 15 patients receiving 7-9 months of preoperative ima-
tinib. In these patients, a median size reduction of 34 % was observed, and the
3-year progression-free survival rate was 77 % [36]. Of note, all patients in these
trials received adjuvant imatinib as well. As insufficient evidence is available to
conclude that neoadjuvant therapy leads to superior outcomes, it is currently recog-
nized as a viable modality by the NCCN, but specific therapeutic guidelines have
not been established [34].

A recently investigated dilemma facing the surgeon treating GISTs is whether
preoperative imatinib can downstage a tumor or offer a less morbid resection. A
recent investigation examined this question in 15 patients receiving preoperative
imatinib with cytoreductive intent. In this group of patients, three out of four patients
initially planned for abdominoperineal resection achieved successful sphincter spar-
ing operations, while the fourth patient had a complete response and underwent no
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operation. These patients experienced no recurrence at 22 months of follow-up.
Additionally, three out of five patients initially planned for total gastrectomy
received successful partial gastrectomies. Three initially unresectable GISTs (one
duodenal and two gastric GISTs) achieved RO resections [36]. While small in scope,
this investigation establishes a precedent for neoadjuvant imatinib when faced with
a highly morbid resection.

Principles of Surgical Management

All extragastric GISTs are considered high risk and currently warrant resection
when feasible. Regarding gastric GISTs, the current recommendation is resection if
the tumor is at least 2 cm in size [34, 37]. Additionally, high-risk features that are
radiographically evident and indications for resection include a heterogeneous mass
with irregular borders or cystic components. Importantly, GISTs in locations repre-
senting high operative morbidity, such as the gastroesophageal junction, duodenum,
and rectum, warrant extensive preoperative multidisciplinary review. The possibil-
ity of avoiding a radical resection with neoadjuvant imatinib should be considered.

It is important to note that incidental submucosal tumors less than 1 cm in size
are frequently discovered on endoscopy. Although somewhat controversial, routine
excision of these lesions is not recommended given their low propensity to progress
into clinically significant tumors [38—44].

Current operative recommendations entail segmental resection to negative
microscopic margins. Formal oncologic resection of uninvolved tissue and lymph
node dissection are unnecessary, as they have shown no clinical benefit [33, 45]. It
has even been suggested that re-excision of a microscopically positive margin (R1
resection) imparts little clinical benefit [46]. However, one recommendation, which
has remained consistent, is to avoid tumor rupture during surgery. GISTs have the
potential to seed intraperitoneal tumors. For this reason, open excisional biopsy
should be avoided as well.

In addition to traditional open approaches, laparoscopic resection of gastric
GISTs has been consistently associated with low recurrence rates, low morbidity,
and shorter hospital stays in multiple series [47-51]. We have included multiple
illustrations of our laparoscopic approach, including the typical submucosal appear-
ance and dissection (Figs. 1, 2, 3, and 4).

Follow-up CT should be obtained every 3—6 months postoperatively for the first
year [33]. In the event of recurrence, current guidelines recommend an initial trial
of imatinib, similar to the treatment of metastatic disease. If no progression is seen
after 3—6 months of treatment, reoperation with curative intent may be considered.
Unfortunately, outcomes remain poor, as recurrent disease is associated with a
5-year survival of approximately 50 % [46, 52, 53].
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Fig. 2 Dissection of GIST
attached at submucosal
layer

Fig. 3 Completed dissection illustrating the appearance of the tumor in relation to all layers of the
gastric wall
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Fig. 4 Primary closure of the gastric defect

Conclusions

In summary, the operative management of GISTs consists of complete resection
when possible. Importantly, it is vital that patients have close follow-up with a mul-
tidisciplinary team of surgeons, pathologists, and medical oncologists experienced
in the management of GISTs. Appropriate interpretation of prognostic pathologic
features is essential in guiding the potential clinical benefit of imatinib therapy.
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Gastrointestinal Neuroendocrine Tumors:
Optimal Outcomes and Surgical Management

Travis Spaulding and Robert C.G. Martin II

Introduction

Neuroendocrine tumors (NETs) are a specific type of neoplasm arising in tissues of
neural crest origin. They commonly arise in the gastrointestinal tract because of the
high density of neuroendocrine cells, and are found in the foregut (stomach, duode-
num, pancreas), midgut (jejunum, ileum, appendix, proximal colon), and hindgut
(distal colon, rectum) [1, 2]. NETs are commonly termed “carcinoid” tumors if they
are found to be of low grade on histology. The prognosis for NETs is variable,
dependent upon tumor biology and origin. This chapter reviews specific features of
NETs in each GI segment, with particular focus on factors predicting prognosis and
surgical decision-making.

General Considerations

NETs are found in females more often than males, with reported ratios ranging from
2.65 females:2.24 males per 100,000 in Switzerland to 3.98 white females:2.47
white males per 100,000 in the United States [3]. They are often found incidentally
during imaging or endoscopy for other clinical diagnoses as they are commonly not
large enough at diagnosis to be symptomatic. NETs are increasingly discovered,
particularly in the past decade, likely due to increased clinical utilization and tech-
nological sophistication of CT, MRI, and functional imaging as well as the higher
prevalence of endoscopic procedures [4]. NETs usually occur sporadically, but can
arise in the setting of multiple endocrine neoplasia type 1 (MENT1) syndrome.
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Table 1 Grading Grade | Mitotic count (10HPF)* | Ki-67 index (%)
neuroendocrine tumors based Gl < <
on mitotic count and Ki-67 =
index G2 2-20 3-20
G3 >20 >20

*10HPF: high power field-2 mm2, at least 40 fields (at
40x magnification) evaluated in areas of highest
mitotic density bMIB1 antibody; % of 2000 tumor
cells in areas of highest nuclear labeling

Tumor grade is important when determining a patient’s prognosis or risk of
recurrence of NETs [5-7]. The World Health Organization (WHO) classification
system for gastrointestinal NETs is commonly used to assess NETs histologi-
cally [8]. Under this system, categories 1 and 2 include well-differentiated carci-
noids and tumors (WDECs/WDETs), of which WDETs include benign tumors or
tumors with “slow behavioral characteristics.” NETs in category 3 are poorly dif-
ferentiated, and category 4 neuroendocrine neoplasms have mixed exocrine and
endocrine components, with at least 30 % of each as part of the neoplasm. Category
5 is reserved for all other endocrine cell lesions that are not necessarily transformed
into neoplasms [5-7]. Grading of NETs is also done via mitotic count (per10hpf)
and Ki-67 index, which represents the proliferative potential of a neoplastic lesion.
Tumor grading based on these factors is summarized in Table 1.

Imaging

Radiographic imaging is crucial in the evaluation of NETs and in determining opti-
mal surgical management. Contrast-enhanced CT and MRI have the most clinical
utility in assessing the primary tumor and the extent of malignant disease, given the
excellent sensitivity and specificity of these tests.

Functional imaging, most notably Somatostatin Receptor Scintigraphy (SRS,
Octreotide scan) is also utilized, but has lower accuracy compared to multiphase CT
and dynamic MRI. In SRS, a radiolabeled somatostatin analog (classically Indium-
111-DTPA octreotide) is injected intravenously and localizes in tissues dense with
somatostatin receptors (SSTRs), specifically SSTR2 [9]. %¥Ga-labeled somatostatin
analogs have also become increasingly beneficial in clinical practice. The half-life
for these analogs is only 1 h, so imaging studies can be completed in 2-3 h, com-
pared to between 24 and 48 h for SRS [12]. Additionally, less than half of the dose
compared to that required for Indium-111-DTPA octreotide is needed, reducing
patient risk [13]. Combination of single photon emission CT (SPECT) and SRS to
give fusion images can enable clinicians to correlate SSTR activity with anatomical
position [10].

SRS can also be useful in treatment planning and in therapy. Gastrointestinal
NETs often have a high affinity for somatostatin and its analogs because of high
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expression of SSTRs. This high expression can be confirmed with SRS, which can
be helpful in deciding on somatostatin analog therapy. Somatostatin analogs are
used for therapy when surgery is not possible or distant metastases render it ineffec-
tive. Administration of this therapy to patients has become less cumbersome as slow
depot injections have been developed for octreotide (octreotide long-acting repeat-
able or LAR) and lanreotide (lanreotide slow release or SR) [15]. The tumor static
effects of somatostatin analogs entail a variety of mechanisms, including the inhibi-
tory action of activated SSTR2 and SSTRS on the mitotic cycle in neoplastic lesions
[16]. Additionally, somatostatin analogs seem to have an anti-angiogenesis effect on
neoplastic lesions, inhibiting tumor growth via inhibition of vascular endothelial
growth factor 1 [17]. Peptide receptor radionuclide therapy (PRRT) is the use of
radioactive isotopes bound to somatostatin analogs like octreotide or lanreotide to
irradiate neuroendocrine neoplastic tissue [14].

Positron emission tomography (PET) is increasingly being utilized in NET diag-
nosis. Fluorine-18 (*F)-fluorodeoxyglucose (F-FDG) PET may be more sensitive
than SRS for aggressive tumors with proliferative index >15 [10]. F-FDG PET may
also have prognostic utility with a maximum standardized uptake value (SUV ,,,) >3
predictive of progression-free survival [11].

Foregut

Foregut carcinoids include NETSs of the stomach, duodenum, and pancreas (PNETS).
In general, foregut carcinoids appear trabecular histologically and argyrophil silver
staining is employed for microscopic differentiation. Each of the foregut NETs has
individual characteristics, outcomes, and surgical options worth considering.

Stomach

Unlike most other GI NETs, gastric carcinoids often occur in association with
another disease process, rather than sporadically. These tumors are traditionally
divided into three types, two of which are associated with concurrent medical condi-
tions. including chronic atrophic gastritis, pernicious anemia (type 1), MEN1, and
Zollinger-Ellison Syndrome (ZES) (type 2). Chronic atrophic gastritis is a condition
where gastric parietal cells do not secrete adequate amounts of hydrochloric acid
(HCI) or intrinsic factor, leading to decreased absorption of vitamin By, in the ter-
minal ileum and a resulting pernicious anemia [18]. The achlohydria stimulates
gastrin release from G cells in the antrum, initiating a trophic effect on gastric
enterochromaffin-like (ECL) cells, the most common gastric neuroendocrine cell
type, which become hyperplastic and potentially neoplastic gastric carcinoids [19].
Type 2 gastric carcinoids are uncommon, often associated with MEN1 or ZES, con-
ditions in which G cells in the duodenum or pancreas become hyperplastic and
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Table 2 Recommended surgical management of gastric carcinoid tumors

Comparison of the three types of gastric carcinoid tumors

Type 1 Type II Type 11T
Frequency 70-80 % 5-10 % 15-20 %
Associated Pernicious anemia ZES, MEN1 None (most are
conditions sporadic)
Gastrin level Increase Large increase No change
Tumor Multicentric, <2 cm Multicentric, <2 cm Solitary, >2 cm
characteristics
Metastatic potential | <5 % 7-12 % >50 %
Treatment Endoscopic resection | Endoscopic resection and | Formal surgical

and surveillance® surveillance?, gastrinoma resection

resection

“Exception: size >2 cm, inability to be removed endoscopically, concomitant adenocarcinoma

secrete high levels of gastrin (gastrinoma). The resulting hypergastrinemia leads to
ECL cell hyperplasia, which can progress to a potentially neoplastic lesion [20].
Type 3 gastric carcinoids, on the contrary, arise sporadically and are not associated
with elevated gastrin levels. Type 3 tumors are larger, more invasive, and have a
greater metastatic potential (>50 %) when compared to types 1 and 2 (Table 2).

Type 1 gastric carcinoids can traditionally be treated endoscopically. In some
cases, mitigation of hypergastrinemia is achieved by the removal of gastric G cells
via antrectomy, but 14 % of patients may still see a progression in tumor growth
[21]. In general, because of the low metastatic potential of type 1 (and 2) gastric
carcinoids, prognosis is good. For type 2 gastric carcinoids, management is very
similar to type 1 unless the patient has MEN1 syndrome, in which case surgical
removal of the gastrinoma is indicated. Because MEN1 syndrome is a condition of
neoplastic endocrine tissue, these gastrinomas are often diffuse and sometimes
require radical resection of gastric and duodenal G cells [22]. Type 3 gastric carci-
noids are larger and more invasive in nature with more metastatic potential, and
therefore require a formal oncologic resection with regional lymphadenectomy for
their treatment [20].

Duodenum

Duodenal carcinoids are traditionally limited to mucosal and submucosal tissue and
do not include duodenal G cell gastrinomas, which are most commonly found in the
duodenum but are classified with pancreatic neuroendocrine tumors. Unlike gastric
carcinoids, duodenal NET prognosis and surgical treatment options are related
almost exclusively to size. Tumors smaller than 1 cm are traditionally treated via
endoscopic resection [23], while tumors measuring between 1 and 2 cm are subject
to transduodenal excision [24].
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For duodenal carcinoids greater than 2 cm in size, more aggressive surgical treat-
ment is indicated but the precise procedure has not been made clear. At a minimum
duodenal segmental resection with lymph node dissection should be performed in
order to obtain complete resection of the primary tumor and to provide adequate
lymph node harvest for staging (defined as at least 12 lymph nodes). Some have
reported that partial gastrectomy maybe is necessary [25], but this should only be
performed to obtain negative margins. The extent of surgical resection should be
determined by tumor grade, size, and location in that order. An important distinction
should be made for tumors originating from the ampulla of Vater, as these lesions
can have nodal metastases at a very small size. For mobile, superficial lesions where
negative margins are obtainable, ampullectomy can be performed; otherwise, pan-
creatoduodenectomy is indicated [26].

Pancreas

The inherentendocrine function of the pancreas makes it a popular site for neuroen-
docrine tumors, called pancreatic NETs (PNETs). Essentially any hormone-
secreting cell of the pancreas can become neoplastic, the most common being
insulinomas, gastrinomas, glucagonomas, VIPomas, and somatostatinomas. PNETs
are referred to as functional when they are associated with a clinical diathesis as a
result of their hormonal hypersecretion, or nonfunctional when no clinical syn-
drome is apparent. Nonfunctional PNETs still may hypersecrete enteric hormones
including chromogranin A, synaptophysin, and pancreatic polypeptide. While the
majority of PNETs are sporadic in nature, some conditions are associated with a
higher incidence, including ZES, MEN1, von Hippel-Lindau disease (VHL), neuro-
fibromatosis 1 (NF1), and tuberous sclerosis [27].

Insulinoma

Insulinomas are the most common type of functional PNET. Symptoms of insulin-
oma are related to the hypersecretion of insulin, leading to episodes of hypoglyce-
mia, neuroglycopenia, diaphoresis, tremor, and palpitations. Whipples triad of low
blood glucose, symptoms of hypoglycemia, and relief of symptoms with treatment
of hypoglycemia are classically suggestive of disease. Diagnosis can be confirmed
with a monitored fast (up to 72 h), documenting high insulin levels in the setting of
hypoglycemia (a high insulin:glucose ratio) as well as elevated C-peptide levels and
negative urine test for sulfonylureas to rule out exogenous insulin administration
[28]. Preoperative analysis and localization can be difficult in insulinomas because
they are small and lack the high density of somatostatin receptor type 2 (SSTR2),
rendering SRS less clinically useful. Instead, pancreatic protocol CT combined with
an endoscopic ultrasound (EUS) has up to 90 % sensitivity in localizing insulino-
mas [29].
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Surgical removal is the best treatment option for insulinomas. Most insulinomas
are benign (90 %), solitary, and small, making ablation and enucleation therapies
ideal. Case studies have shown patients with severe hypoglycemic episodes have
uneventful postoperative recoveries and total resolution of their hypoglycemic
symptoms [30, 31].

Gastrinoma

Gastrinoma, commonly referred to as Zollinger Ellison Syndrome (ZES), is the
second most common sporadic PNET but the most common PNET for patients with
MENI1. Gastrinomas are often malignant on presentation, and are typically multiple
in MEN. Patients with recurrent, diffuse, or severe peptic ulcer disease should be
evaluated for an underlying gastrinoma. Diagnosis is classically made if IV secretin
is administered and serum gastrin levels rise to >200 pg/mL above baseline [32].

ZES is also diagnosed with elevated gastrin levels (>100 pg/mL) in the setting of
a basal acid output of >15 mEq/h.

Before surgical intervention, acid secretion is often controlled with proton pump
inhibitors. For gastrinoma localization, SRS in combination with CT or MRI offers
80 % sensitivity and 100 % specificity. For patients with very small gastrinomas in
the pancreas, EUS is an alternative if SRS with CT or MRI is inconclusive. Most
gastrinomas (83 %) are located in the gastrinoma triangle, along the first three por-
tions of the duodenum and the head of the pancreas [33]. These tumors are most
commonly in the duodenum and are traditionally small. One study documented 64
cases of duodenal gastrinoma, 39 of which (61.9 %) measured <1 cm [34].

Surgical procedure depends on location and size of the gastrinoma. Gastrinomas
located in the head of the pancreas can be traditionally enucleated, while those in
the body or tail undergo distal pancreatectomy [32]. Duodenotomy or duodenal
transillumination with intraoperative endoscopy to explore for tumors is recom-
mended for both pancreatic and duodenal gastrinomas, particularly in MEN,
because of small size and this common location. One study compared a group of
patients with and without routine duodenotomy and documented that 68 % of
patients undergoing duodenotomy had a survival rate of 52 %, compared to patients
without a duodenotomy with 26 % survival [35].

Management of gastrinoma in the setting of MEN1 has historically been contro-
versial, given its diffuse nature and proclivity for recurrence. Current recommended
management strategy includes resection of disease to prevent development of dis-
tant (hepatic) metastases and to prolong expected survival.

Nonfunctional PNET

Overall nonfunctional PNETSs are the most common neuroendocrine tumors of the
pancreas. Although sporadic or nonfunctioning PNETs account for <2 % of pan-
creatic tumors, their incidence is increasing over the past decade, seemingly due to
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increased utilization and quality of axial imaging [36, 37]. Management of the
incidentally discovered, asymptomatic PNET less than 2 cm in size is controver-
sial given the unknown and variable malignant potential, with some advocating
surveillance and others advocating resection citing malignant behavior even in
small tumors. Nonfunctional PNETs demonstrate significant cytological and mor-
phological heterogeneity. They also demonstrate significant prognostic variability
making treatment decisions and clinical pathways challenging. Most studies agree
that the presence of distant metastasis is the single most important adverse prog-
nostic factor. After that, it has been validated by various authors that in locore-
gional disease, the strongest predictors for survival are disease stage and tumor
grade. In general, morphologic examination is performed to distinguish well-dif-
ferentiated, low-grade tumors from poorly differentiated, high-grade tumors [38].
A recent international cohort study on PNETs reported a 10-year survival rate of
nearly 90 % after resection of G1 tumors compared to less than 25 % for G3
tumors [39].

Proliferation is determined by measuring the number of mitoses per microscopic
high power field and Ki-67 index [36, 41, 42]. The latest iteration of the WHO clas-
sification includes Ki-67 index reporting for grade [40]. The Ki-67 index is related
to the malignant potential and clinical behavior of PNETs and may be an important
prognostic indicator, predicting overall and disease-free survival [40, 43—45]. In
addition, an adequate lymph node evaluation, defined as 12 or more lymph nodes, is
essential to staging and prognostication.

Current medical therapies for pancreatic neuroendocrine tumors are limited to
the unresectable (T4) or metastatic disease, with no demonstrated benefit for adju-
vant therapy after surgical resection. While somatostatin analog therapy is estab-
lished for midgut NET [46] improving progression-free survival, it is not effective
for PNETs [47, 48]. Cytotoxic chemotherapies, classically streptozocin, fluoroura-
cil, and doxorubicin or more recently temozolimide and capecitabine combinations,
have traditionally been the mainstay of treatment for advanced PNETs. In 2011, two
randomized controlled trials of biologic therapies were published which changed
the chemotherapeutic landscape for NETs. Use of sunitinib (a multitargeted recep-
tor tyrosine kinase inhibitor) was shown to effect more than a doubling in
progression-free survival (11.4 months vs. 5.5 months, P<0.001) and an increase in
overall survival. Similarly, the mammalian target of rapamycin (mTOR) inhibitor
everolimus more than doubled the progression-free survival from 4.6 months to
11.0 months [49, 50]. While PNETs can present with advanced disease, the natural
history of disease is rather indolent, laying the groundwork for innovative therapies
for this challenging disease.

Hepatic resection for liver metastases where complete resection, or at least
greater than 90 % cytoreduction, can be achieved is advocated in selected patients
with metastatic PNETs. In addition, locally ablative therapies have been utilized to
treat hepatic metastases with clinical success. Liver transplantation is undertaken
for metastatic PNETSs only in highly selective cases with very favorable tumor biol-
ogy (low mitotic count, low Ki-67 index, well-differentiated histology) where all
other medical therapies have failed.
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Midgut

Midgut carcinoids include those found in the jejunum, ileum, appendix, cecum, and
proximal colon. Histologically, midgut carcinoids appear as a solid mass of cells and
stain with argentaffin silver. Secretory products from midgut carcinoids include sero-
tonin, prostaglandins, and polypeptides. Hypersecretion of serotonin and kallikrein,
in particular, are known to lead to carcinoid syndrome if liver function is decreased
and these hormonal products are not cleared from the portal system and circulate
systemically, usually because of carcinoid metastases to the liver. Elevated levels of
5-HIAA, a metabolite of serotonin, in the urine is diagnostic for carcinoid syndrome.
The potential of liver metastases among midgut carcinoids depends on location,
ranging from 2 % (appendix), to 35 % (small bowel), to 60 % (ascending colon).

Small Bowel (Jejunum, Ileum)

While NETs are rare types of neoplasms in other parts of the GI tract (i.e., 3 % in
the pancreas), NETs make up one-third of all small bowel neoplasms. They are
almost always found within 60 cm of the ileocecal valve in the ileum, arising from
serotonin-secreting enterochromafin cells [51]. They can metastasize to lymph
nodes early, despite a small size. Patients presenting with small bowel carcinoids
are usually in their 6th or 7th decade of life and present with abdominal pain and/or
small bowel obstruction [52].

Prognosis for patients with small bowel carcinoids depends on a number of fac-
tors. Age >65, tumor size >2 cm, and depth of invasion beyond the muscularis
propria are predictors of poor prognosis [53]. Surgical resection is indicated for
primary carcinoids of the small bowel, with en bloc lymphadenectomy. If the tumor
has metastasized or if carcinoid syndrome is evident, preoperative and intraopera-
tive octreotide treatment is indicated. Octreotide administration prevents carcinoid
crisis (extreme hypotensive episode) during surgical resection by mitigating the
effects of hormonal release [54]. Postoperatively, octreotide long-acting repeatable
(LAR) is indicated in patients with metastatic disease [55]. The presence of meta-
static disease is a primary determinant of long-term prognosis, as 5 years overall
survival without metastatic disease approaches 60 %, but is as low as 30 % in the
presence of liver metastases [56].

Appendix

Incidence of appendiceal carcinoids ranges from 16 to 45 % of GI carcinoids [57].
The majority are asymptomatic and are located in the distal 1/3 of the appendix.
Metastases are rare, especially with small tumors <2 cm, so carcinoid syndrome
occurs in only 10 % of cases. A large tumor or tumor located in the proximal appen-
dix may be symptomatic, leading to carcinoid syndrome, appendicitis, and/or pos-
sible bowel obstruction.
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Table 3 Metastatic potential Metastatic potential of appendiceal carcinoid tumors
of appendiceal carcinoid by tumor biology
L‘;g}grs’ based on tumor Histologic differentiation Metastasis (%)
& Well 2
Moderate 50
Poor 80

Surgical resection is dependent upon tumor grade, size, and location. A well-
differentiated appendiceal carcinoid located away from the base of the appendix can
be removed with a simple appendectomy. If the carcinoid is moderately or poorly
differentiated, a right hemi-colectomy is instead indicated, due to the increased risk
of lymphatic involvement or metastatic disease with more aggressive tumor biology
(Table 3). A right hemi-colectomy is also indicated in specific circumstances, i.e., if
the carcinoid involves the base of the appendix or shows mesenteric invasion. Meso-
appendiceal invasion, regardless of tumor size, should also be surgically managed
with a right hemi-colectomy, although studies have shown that recurrence of carci-
noid tumors with meso-appendiceal invasion, even if small, is unlikely with appen-
dectomy alone [58].

Size, depth of invasion, lymph node involvement, and metastases are all signifi-
cant predictors of prognosis in appendiceal carcinoids [53]. Size is a clear indicator
of prognosis, with no tumors being associated with lymph node involvement in
appendiceal carcinoids <2 cm, while the incidence rose to 21 % in tumors measur-
ing between 2 and 3 cm and to 44 % in tumors >3 cm [59].

Colon

While the colon is traditionally divided into both midgut and hindgut portions, the
majority of colon carcinoids are found in the proximal colon (cecum) in the 7th
decade of life. These tumors become large before characteristic symptoms such as
abdominal pain, anorexia, and weight loss present, which increase their metastatic
potential and worsens prognosis. In previous studies, the average colon carcinoid size
at diagnosis was 5 cm, with two-thirds of patients having local nodal or distant metas-
tases [53]. Multivariate analysis of this Surveillance, Epidemiology, and End Result
(SEER) dataset between 1974 and 2004 again found tumor size, depth of invasion,
lymph node involvement, and metastases as significant predictors of prognosis [53].

Endoscopic or segmental resection is preferred in treatment of small, localized
colon carcinoids. Significant nodal and/or distal metastases presents a difficult sur-
gical case but a right hemi-colectomy for cecal carcinoids has been shown effective.
In a recent study involving 114 patients with colorectal carcinoids, 53.3 % of
patients had local nodal and 26.7 % had distant metastases. After a median follow-up
of 4.2 years, there was only one noncarcinoid-related death, with eleven patients
disease-free as of their last follow-up visit [60].
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Hindgut

Hindgut carcinoids include those of the distal colon and rectum. In general, hindgut
carcinoids have mixed histology with variable silver staining. Only 10 % of rectal
carcinoids <2 cm in size demonstrate metastases to the liver and there is little evi-
dence of serotonin secretion, so carcinoid syndrome is rare. Because carcinoid tumors
in the distal colon are very rare, this section will focus mainly on rectal carcinoids.

Rectum

Rectal carcinoids are usually small and asymptomatic, found incidentally during
endoscopy, and are located between 4 and 13 cm from the dentate line [61].
Incidence of rectal carcinoids has increased over the past several decades, from 0.2
per 100,000 population in 1974-0.86 in 2004 [4]. While metastases to the liver are
rare, locoregional nodal spread from rectal carcinoids is common. Size >10 mm and
lymphovascular invasion are predictive of local nodal and distant metastases [62].

Management of rectal carcinoids is correlated with tumor biology and size.
Small (<10 mm), well-differentiated lesions are amenable to endoscopic resection
[63-65].

Surgical resection with regional lymphadenectomy is indicated for moderately
and poorly differentiated rectal carcinoids or those greater than 20 mm in size [62].
Management of tumors 10—20 mm in size is controversial, with tumor grade and
patient characteristics playing a differential role.

Follow-up after procedures for rectal carcinoids are dependent on tumor size and
biology. For tumors <10 mm and low Ki-67 index (G1, G2), patient may not require
any specific follow-up. A small tumor with high-grade features (G3) requires annual
follow-up with endoscopic ultrasound (EUS), colonoscopy, and MRI. For rectal
carcinoids 10-20 mm in size, regardless of grade, the same annual follow-up is
recommended. For tumors >2 cm, G1-G2 carcinoids should receive annual follow-
up and G3 carcinoids should receive follow-up every 4-6 months [66].

Conclusion

The initial surgical management of gastrointestinal neuroendocrine tumors is based
primarily on four factors: size of primary tumor, tumor grade, stage by axial imag-
ing, and surgical fitness of the patient. The prognostic importance of tumor grade
including mitotic count and Ki-67 index is emphasized. Appropriate management
of NETs includes consideration of lymphatic disease. Currently, there is not role for
adjuvant hormonal, cytotoxic, or targeted biologic therapies. There are only recom-
mended for advanced, nonsurgical disease.



Gastrointestinal Neuroendocrine Tumors: Optimal Outcomes and Surgical Management 47

References

—

10.

11.

12.

19.

. Oberndorfer S. Karzinoide tumoren des du ' nndarms. Frankf Z Pathol. 1907;1:426-9.
. Kloppel G, Anlauf M. Epidemiology, tumour biology and histopathological classification of

neuroendocrine tumours of the gastrointestinal tract. Best Pract Res Clin Gastroenterol.
2005;19(4):507-17.

. Taal BG, Visser O. Epidemiology of neuroendocrine tumours. Neuroendocrinology. 2004;80

Suppl 1:3-7.

. Yao JC, Hassan M, Phan A, Dagohoy C, Leary C, Mares JE, et al. One hundred years after

“carcinoid”: epidemiology of and prognostic factors for neuroendocrine tumors in 35,825
cases in the United States. J Clin Oncol. 2008;26(18):3063-72.

. Rindi G, Kloppel G, Couvelard A, Komminoth P, Korner M, Lopes JM, et al. TNM staging of

midgut and hindgut (neuro) endocrine tumors: a consensus proposal including a grading sys-
tem. Virchows Arch. 2007;451(4):757-62.

. Rindi G. The ENETS guidelines: the new TNM classification system. Tumori. 2010;96(5):

806-9.

. Sobin LH, Compton CC. TNM seventh edition: what’s new, what’s changed: communication

from the International Union Against Cancer and the American Joint Committee on Cancer.
Cancer. 2010;116(22):5336-9.

. Solcia E, Kloppel G, Sobin LH. Histological typing of endocrine tumors. WHO international

histological classification of tumors. 2nd ed. Berlin: Springer; 2000. p. 56-70.

. John M, Meyerhof W, Richter D, Waser B, Schaer JC, Scherubl H, et al. Positive somatostatin

receptor scintigraphy correlates with the presence of somatostatin receptor subtype 2. Gut.
1996;38(1):33-9.

Binderup T, Knigge U, Loft A, Mortensen J, Pfeifer A, Federspiel B, et al. Functional imaging
of neuroendocrine tumors: a head-to-head comparison of somatostatin receptor scintigraphy,
123I-MIBG scintigraphy, and 18F-FDG PET. J Nucl Med. 2010;51(5):704-12.

Binderup T, Knigge U, Loft A, Federspiel B, Kjaer A. 18F-fluorodeoxyglucose positron emis-
sion tomography predicts survival of patients with neuroendocrine tumors. Clin Cancer Res.
2010;16(3):978-85.

Oberg K, Castellano D. Current knowledge on diagnosis and staging of neuroendocrine
tumors. Cancer Metastasis Rev. 2011;30 Suppl 1:3-7.

. Pettinato C, Sarnelli A, Di Donna M, Civollani S, Nanni C, Montini G, et al. 68Ga-DOTANOC:

biodistribution and dosimetry in patients affected by neuroendocrine tumors. Eur J Nucl Med
Mol Imaging. 2008;35(1):72-9.

. Baldelli R, Barnabei A, Rizza L, Isidori AM, Rota F, Di Giacinto P, et al. Somatostatin analogs

therapy in gastroenteropancreatic neuroendocrine tumors: current aspects and new perspec-
tives. Front Endocrinol. 2014;5:7.

. Oberg K, Kvols L, Caplin M, Delle Fave G, de Herder W, Rindi G, et al. Consensus report on

the use of somatostatin analogs for the management of neuroendocrine tumors of the gastroen-
teropancreatic system. Ann Oncol. 2004;15(6):966-73.

. Schally AV. Oncological applications of somatostatin analogues. Cancer Res. 1988;48(24 Pt

1):6977-85.

. Lawnicka H, Stepien H, Wyczolkowska J, Kolago B, Kunert-Radek J, Komorowski J. Effect

of somatostatin and octreotide on proliferation and vascular endothelial growth factor secre-
tion from murine endothelial cell line (HECalO) culture. Biochem Biophys Res Commun.
2000;268(2):567-71.

. Annibale B, Lahner E, Fave GD. Diagnosis and management of pernicious anemia. Curr

Gastroenterol Rep. 2011;13(6):518-24.

Lahner E, Norman GL, Severi C, Encabo S, Shums Z, Vannella L, et al. Reassessment of
intrinsic factor and parietal cell autoantibodies in atrophic gastritis with respect to cobalamin
deficiency. Am J Gastroenterol. 2009;104(8):2071-9.



48

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30

31.

32.

33.

34.

35.

36.

37.

38.

39.

T. Spaulding and R.C.G. Martin II

Borch K, Ahren B, Ahlman H, Falkmer S, Granerus G, Grimelius L. Gastric carcinoids: bio-
logic behavior and prognosis after differentiated treatment in relation to type. Ann Surg.
2005;242(1):64-73.

Jordan Jr PH, Barroso A, Sweeney J. Gastric carcinoids in patients with hypergastrinemia. J
Am Coll Surg. 2004;199(4):552-5.

Norton JA, Melcher ML, Gibril F, Jensen RT. Gastric carcinoid tumors in multiple endocrine
neoplasia-1 patients with Zollinger-Ellison syndrome can be symptomatic, demonstrate
aggressive growth, and require surgical treatment. Surgery. 2004;136(6):1267-74.

Nikou GC, Toubanakis C, Moulakakis KG, Pavlatos S, Kosmidis C, Mallas E, et al. Carcinoid
tumors of the duodenum and the ampulla of Vater: current diagnostic and therapeutic approach
in a series of 8 patients. Case series. Int J Surg. 2011;9(3):248-53.

Zyromski NJ, Kendrick ML, Nagorney DM, Grant CS, Donohue JH, Farnell MB, et al. Duodenal
carcinoid tumors: how aggressive should we be? J Gastrointest Surg. 2001;5(6):588-93.
Waisberg J, Joppert-Netto G, Vasconcellos C, Sartini GH, Miranda LS, Franco MI. Carcinoid
tumor of the duodenum: a rare tumor at an unusual site. Case series from a single institution.
Arq Gastroenterol. 2013;50(1):3-9.

Carter JT, Grenert JP, Rubenstein L, Stewart L, Way LW. Neuroendocrine tumors of the ampulla
of Vater: biological behavior and surgical management. Arch Surg. 2009;144(6):527-31.
Jensen RT, Berna MJ, Bingham DB, Norton JA. Inherited pancreatic endocrine tumor syn-
dromes: advances in molecular pathogenesis, diagnosis, management, and controversies.
Cancer. 2008;113(7 Suppl):1807-43.

Okabayashi T, Shima Y, Sumiyoshi T, Kozuki A, Ito S, Ogawa Y, et al. Diagnosis and manage-
ment of Insulinomas. World J Gastroenterol. 2013;19(6):829-37.

Anderson MA, Carpenter S, Thompson NW, Nostrant TT, Elta GH, Scheiman JM. Endoscopic
ultrasound is highly accurate and directs management in patients with neuroendocrine tumors
of the pancreas. Am J Gastroenterol. 2000;95(9):2271-7.

. Jurgensen C, Schuppan D, Neser F, Ernstberger J, Junghans U, Stolzel U. EUS-guided alcohol

ablation of an Insulinomas. Gastrointest Endosc. 2006;63(7):1059-62.

Limmer S, Huppert PE, Juette V, Lenhart A, Welte M, Wietholtz H. Radiofrequency ablation
of solitary pancreatic Insulinomas in a patient with episodes of severe hypoglycemia. Eur J
Gastroenterol Hepatol. 2009;21(9):1097-101.

Huang LC, Poultsides GA, Norton JA. Surgical management of neuroendocrine tumors of the
gastrointestinal tract. Oncology. 2011;25(9):794-803.

Passaro Jr E, Howard TJ, Sawicki MP, Watt PC, Stabile BE. The origin of sporadic gastrino-
mas within the gastrinoma triangle: a theory. Arch Surg. 1998;133(1):13-6. discussion 7.
Zogakis TG, Gibril F, Libutti SK, Norton JA, White DE, Jensen RT, et al. Management and
outcome of patients with sporadic gastrinoma arising in the duodenum. Ann Surg.
2003;238(1):42-8.

Norton JA, Alexander HR, Fraker DL, Venzon DJ, Gibril F, Jensen RT. Does the use of routine
duodenotomy (DUODX) affect rate of cure, development of liver metastases, or survival in
patients with Zollinger-Ellison syndrome? Ann Surg. 2004;239(5):617-25. discussion 26.
Klimstra DS, Arnold R, Capella C, et al. Tumors of the endocrine pancreas. In: Bosman FT,
Carneiro F, Hruban RH, Theise ND, editors. World Health Organization classification of
tumors, Pathology and genetics of tumors of the digestive system. Lyon, France: IARC Press;
2010. p. 322-6.

Hruban RH, Pitman MB, Klimstra DS. Tumors of the pancreas. 6th ed. Washington, DC:
Armed Forces Institute of Pathology; 2007. p. 251-304.

Capelli P, Martignoni G, Pedica F, et al. Endocrine neoplasms of the pancreas: pathologic and
genetic features. Arch Pathol Lab Med. 2009;133:350-64.

Chatzipantelis P, Konstantinou P, Kaklamanos M, Apostolou G, Salla C. The role of cytomor-
phology and proliferative activity in predicting biologic behavior of pancreatic neuroendocrine
tumors; a study by endoscopic ultrasound-guided fine-needle aspiration cytology. Cancer.
2009;117:211-6.



Gastrointestinal Neuroendocrine Tumors: Optimal Outcomes and Surgical Management 49

40.
41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.
59.

60.

Asa SL. Pancreatic endocrine tumors. Mod Pathol. 2011;24 suppl 2:S66-77.

Rindi G, Kloppel G, Alhman H, All Other Frascati Consensus Conference Participants;
European Neuroendocrine Tumor Society (ENETS), et al. TNM staging of foregut (neuro)
endocrine tumors: a consensus proposal including a grading system. Virchows Arch.
2006;449:395-401.

Verbeke CS. Endocrine tumours of the pancreas. Histopathology. 2010;56:669-82.

Klimstra DS, Modlin IR, Coppola D, Lloyd RV, Suster S. The pathologic classification of
neuroendocrine tumors: a review of nomenclature, grading, and staging systems. Pancreas.
2010;39:707-12.

Adsay V. Ki67 labeling index in neuroendocrine tumors of the gastrointestinal tract and pan-
creatobiliary tract: to count or not to count is not the question, but rather how to count. Am J
Surg Pathol. 2012;36:1743-6.

Piani C, Franchi GM, Cappelletti C, et al. Cytological Ki-67 in pancreatic neuroendocrine
tumors: an opportunity for pre-operative grading. Endocr Relat Cancer. 2008;15:175-81.
Gerdes J, Lemke H, Baisch H, Wacker HH, Schwab U, Stein H. Cell cycle analysis of a cell
proliferation-associated human nuclear antigen defined by the monoclonal antibody Ki-67. J
Immunol. 1984;133:1710-5.

Tang LH, Gonen M, Hedvat C, Modlin IM, Klimstra DS. Objective quantification of the Ki67
proliferation index in neuroendocrine tumors of the gastropancreatic system: a comparison of
digital image analysis with manual methods. Am J Surg Pathol. 2012;36:1761-70.

Remes SM, Tuominen VJ, Helin H, Isola J, Arola J. Grading of neuroendocrine tumors with
Ki-67 requires high-quality assessment practices. Am J Surg Pathol. 2012;36:1359-63.
Falconi M, Bartsch DK, Kriksson G, Barcelona Consensus Conference participants, et al.
ENETS Consensus Guidelines for the management of patients with digestive neuroendocrine
neoplasms of the digestive system: well-differentiated pancreatic non-functioning tumors.
Neuroendocrinology. 2012;95:120-34.

Pavel M, Baudin E, Couvelard A, Barcelona Consensus Conference Participants, et al. ENETS
Consensus Guidelines for the management of patients with liver and other distant metastases
from neuroendocrine neoplasms of foregut, midgut, hindgut, and unknown primary.
Neuroendocrinology. 2012;95:157-76.

Reynolds I, Healy P, McNamara DA. Malignant tumours of the small intestine. Surgeon. 2014.
Rodrigues G, Prabhu R, Ravi B. Small bowel carcinoid: a rare cause of bowel obstruction.
BMIJ Case Rep. 2013. doi: 10.1136/bcr-2013-200875.

Landry CS, Brock G, Scoggins CR, McMasters KM, Martin 2nd RC. A proposed staging sys-
tem for gastric carcinoid tumors based on an analysis of 1,543 patients. Ann Surg Oncol.
2009;16(1):51-60.

O’Toole D, Ducreux M, Bommelaer G, Wemeau JL, Bouche O, Catus F, et al. Treatment of
carcinoid syndrome: a prospective crossover evaluation of lanreotide versus octreotide in
terms of efficacy, patient acceptability, and tolerance. Cancer. 2000;88(4):770-6.

Shen C, Shih YC, Xu Y, Yao JC. Octreotide long-acting repeatable use among elderly patients
with carcinoid syndrome and survival outcomes: a population-based analysis. Cancer.
2014;120(13):2039-49.

Bilimoria KY, Bentrem DJ, Wayne JD, Ko CY, Bennett CL, Talamonti MS. Small bowel can-
cer in the United States: changes in epidemiology, treatment, and survival over the last 20
years. Ann Surg. 2009;249(1):63-71.

Maggard MA, O'Connell JB, Ko CY. Updated population-based review of carcinoid tumors.
Ann Surg. 2004;240(1):117-22.

Kulke MH, Mayer RJ. Carcinoid tumors. N Engl J Med. 1999;340(11):858-68.

Moertel CG, Weiland LH, Nagorney DM, Dockerty MB. Carcinoid tumor of the appendix:
treatment and prognosis. N Engl ] Med. 1987;317(27):1699-701.

Murray SE, Lloyd RV, Sippel RS, Chen H. Clinicopathologic characteristics of colonic carci-
noid tumors. J Surg Res. 2013;184(1):183-8.


http://dx.doi.org/10.1136/bcr-2013-200875

50

61.

62.

63.

64.

65.

66.

T. Spaulding and R.C.G. Martin II

Peralta EA. Rare anorectal neoplasms: gastrointestinal stromal tumor, carcinoid, and lym-
phoma. Clin Colon Rectal Surg. 2009;22(2):107-14.

Shields CJ, Tiret E, Winter DC, International Rectal Carcinoid Study Group. Carcinoid tumors
of the rectum: a multi-institutional international collaboration. Ann Surg. 2010;252(5):750-5.
Ono A, Fujii T, Saito Y, Matsuda T, Lee DT, Gotoda T, et al. Endoscopic submucosal resection
of rectal carcinoid tumors with a ligation device. Gastrointest Endosc. 2003;57(4):583-7.
Kwaan MR, Goldberg JE, Bleday R. Rectal carcinoid tumors: review of results after endo-
scopic and surgical therapy. Arch Surg. 2008;143(5):471-5.

Park HW, Byeon JS, Park YS, Yang DH, Yoon SM, Kim KIJ, et al. Endoscopic submucosal
dissection for treatment of rectal carcinoid tumors. Gastrointest Endosc. 2010;72(1):143-9.
Caplin M, Sundin A, Nillson O, Baum RP, Klose KJ, Kelestimur F, et al. ENETS Consensus
Guidelines for the management of patients with digestive neuroendocrine neoplasms: colorec-
tal neuroendocrine neoplasms. Neuroendocrinology. 2012;95(2):88-97.



Current Controversies in the Management
of Colon and Rectal Cancer

Pinckney J. Maxwell IV and E. Ramsay Camp

Initial Presentation

Colorectal cancer is the third most common cancer in men and women, after prostate
and lung/bronchus in men and breast and lung/bronchus in women [1]. The
American Cancer Society (ACS) expects an estimated 136,830 new diagnoses of
colon and rectal cancer in 2014. Symptoms of colorectal cancer include bleeding,
changes in bowel habits, obstruction, abdominal pain, and malaise. Frequently, ane-
mia may be the only sign a patient exhibits. Patients with symptoms suspicious for
colorectal cancer should undergo a complete colonoscopic evaluation. Importantly,
a potential anorectal source of bleeding such as hemorrhoids should not preclude a
complete colonic examination.

Colorectal Cancer Screening

Patients with no personal history of colorectal polyps or cancers, no personal history
of inflammatory bowel disease (IBD), no symptoms suspicious for colorectal cancer,
no family history of colorectal polyps or cancers, and no evidence of a familial or
genetic syndrome can be screened as average risk. Two main categories of screening
tests include those that detect adenomatous polyps and cancer (flexible sigmoidos-
copy, colonoscopy, double-contrast barium enema, and CT colonography) and those
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that primarily detect cancer (fecal occult blood testing, fecal immunohistochemical
testing, and stool DNA testing). The goal of screening is to reduce mortality by
reducing the incidence of advanced disease. Testing for polyps and cancer is gener-
ally procedure related, while testing only for cancers can occur with stool studies
alone. Assessing stool samples only has the potential to increase the ease, availabil-
ity, and performance of colorectal cancer screening.

Regardless of the method employed, testing in the average risk, asymptomatic
patient should begin at age 50. A total colonoscopy is only required every 10 years,
but it requires an oral bowel prep and carries the small risk of perforation of less
than 1 out of 1000 [2]. Alternatively, flexible sigmoidoscopy (FS) is required every
5 years when combined with fecal occult blood testing (FOBT) annually. The test-
ing is more frequent, but requires only enemas for preparation and carries a lower
risk of perforation. Air-contrast barium enemas can be used for screening every 5
years but also requires an oral bowel prep and are only diagnostic without the ability
to remove polyps. CT colonography continues to evolve as a method for screening
every 5 years and has the potential for more accessible screening; however, there are
limitations on the identification of polyps less than 1 cm. Similar to the air-contrast
enema, CT colonography also requires oral bowel preparation and is only diagnos-
tic. FOBT and fecal immunohistochemical testing (FIT) require annual testing. The
interval for stool DNA testing is uncertain, and this procedure tests only for a lim-
ited number of mutations. The most complete screening test, allowing removal of
precancerous lesions if identified, remains the total colonoscopy.

Screening the High-Risk Patient

High-risk patients include those with a personal history of colorectal polyps or can-
cers, a family history of colorectal cancer in a first-degree relative, those with
Crohn’s disease or ulcerative colitis, and those with a personal or family history of
familial adenomatous polyposis or hereditary nonpolyposis colon cancer. Screening
in these patients has been adjusted for changes in incidence and age of onset of
neoplasia (Table 1).

Familial Colorectal Cancer Syndromes

Familial adenomatous polyposis (FAP) is an inherited, non-sex-linked, Mendelian
dominant disease that accounts for approximately 1 % of all colorectal cancers. The
high penetrance of FAP means that there is a 50 % chance of development within
affected families. However, 20 % of FAP patients have no family history, likely
representing new and spontaneous mutations. The disorder is due to mutations in
either the tumor-suppressor APC gene, which is located on chromosome 5 (5q21-
q22), or in the MUTYH gene, which is located on chromosome 1 (1p34.3-p32.1).
FAP is characterized by the progressive development of hundreds or thousands of
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adenomatous polyps located throughout the entire colon. The clinical diagnosis is
based on the histologic confirmation of at least 100 adenomas. All patients will
eventually develop colorectal cancer. The adenomas generally appear by the mid-
20s and cancers generally appear by the late-30s. An attenuated form of FAP is
recognized in which fewer adenomas (20-100) are identified. Adenomas and can-
cers develop somewhat later, at the average ages of 44 and 56, respectively. FAP
also exhibits extracolonic manifestations including gastric/duodenal/small bowel
polyps, osteomas and desmoids tumors (Gardner’s syndrome), eye lesions such as
congenital hypertrophy of retinal pigment epithelium (CHRPE), epidermoid cysts,
and brain neoplasms (Turcot’s syndrome).

Hereditary nonpolyposis colon cancer (HNPCC), also called Lynch syndrome, is
an inherited, non-sex-linked, Mendelian dominant disease with virtually complete
penetrance. It is the most common genetic form of colorectal cancer and includes
24 % of all colorectal cancers [3, 4]. HNPCC is due to a defect in various DNA
mismatch repair genes (MLH1, MSH2, MSH6, PMS, PMS2), which leads to mic-
rosatellite instability (MSI-H). A number of evidence-based criteria are available
for the diagnosis of HNPCC, including the Amsterdam I and II criteria and the
Bethesda guidelines (Table 2). According to the EPICOLON study, the revised
Bethesda guidelines are the most discriminating set of clinical parameters for diag-
nosing HNPCC [5].

Table 2 Diagnosis of hereditary nonpolyposis colon cancer

Amsterdam I Criteria, 1990

1. Three or more family members with histologically verified colorectal cancer, one of whom
is a first-degree relative (parent, child, sibling) of the other two

2. Two successive affected generations

3. One or more colon cancers diagnosed under age 50 years

4. Familial adenomatous polyposis has been excluded

Amsterdam II Criteria, 1999

1. Three or more family members with histologically verified HNPCC-related cancers
(endometrium, ovary, stomach, small intestine, hepatobiliary, upper urinary tract, brain, and
skin), one of whom is a first-degree relative (parent, child, sibling) of the other two

2. Two successive affected generations

3. One or more colon cancers diagnosed under age 50 years

4. Familial adenomatous polyposis has been excluded

Revised Bethesda Guidelines, 2002

1. Colorectal cancer diagnosed in a patient who is less than 50 years of age

2. Presence of a synchronous, metachronous colorectal, or other HNPCC-related malignancy,
regardless of age

3. Colorectal cancer with the MSI-H histology diagnosed in a patient who is less than 60 years of age
— Presence of carcinoma infiltrating lymphocytes, Crohn’s-like lymphocytic reaction,

mucinous/signet-ring differentiation, or medullary growth pattern

— No general consensus based on this age

4. Colorectal cancer diagnosed in one or more first-degree relatives with an HNPCC-related
neoplasm
— With one or more neoplasm being diagnosed at an age less than 50 years

5. Colorectal cancer diagnosed in two or more first or second-degree relatives with HNPCC-
related malignancies, regardless of age
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Diagnosis of HNPCC may be established by immunohistochemical (IHC) analy-
sis for mismatch repair (MMR) protein expression, which decrease due to mutation,
or with analysis for MSI detection resulting from MMR deficiency [6]. Some con-
troversy exists, however, regarding the application of IHC and MSI testing. The
NCCN endorses IHC and MSI testing on all patients diagnosed prior to age 70 in
addition to older patients who fulfill the Bethesda criteria. Other institutions rou-
tinely test all specimens for both THC and MSI as supported by the Evaluation of
Genomic Applications in the Practice and Prevention (EGAPP) working group at
the CDC [7, 8].

HNPCC is subdivided into Lynch syndrome types I and II. Lynch type I refers to
site-specific nonpolyposis colon cancer, and Lynch type II (formerly called familial
cancer syndrome) refers to cancers that develop in the colon and other organs such
as the endometrium, ovaries, stomach, pancreas, and proximal urinary tract and
other sites.

Lynch syndrome differs from sporadic colorectal cancer in a number of impor-
tant ways. It has an autosomal dominant inheritance, a predominance of proximal
lesions (75 % are found in the right colon), an excess of multiple primary colorectal
cancers (18 %), an early age of onset averaging 44 years, a significantly improved
survival rate of right-sided lesions when compared with family members with distal
colorectal cancer (53 % vs. 35 % 5-year survival), and an increased risk for develop-
ing metachronous lesions (24 %). Patients and family members of those diagnosed
with HNPCC or FAP should undergo genetic testing to aid in future diagnosis and
treatment options.

Inflammatory Bowel Disease

Both Crohn’s disease and ulcerative colitis (UC) confer an increased risk of colorec-
tal cancer, with UC conveying approximately double the risk associated with
Crohn’s disease. The duration and severity of Crohn’s disease and the duration and
extent (left-sided colitis versus pancolitis) of UC contribute to cancer risk in inflam-
matory bowel disease (IBD). Cancer in Crohn’s disease generally occurs in a stric-
ture or bypass segment. Importantly, neoplasia in UC does not follow the
adenoma—carcinoma sequence of sporadic colorectal cancer. This change has
important screening and treatment implications.

Management of the Malignant Polyp

Malignant polyps are defined as polyps identified to have a focus of cancer invading
into the submucosa (pT1). Polyps with carcinoma not invading into the submucosa
are defined as carcinoma in situ (pTis). Due to the lack of invasion, carcinoma in situ
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polyps are unable to metastasize to lymph nodes. Polyps with malignant pathology
or with a concerning appearance should be endoscopically tattooed within 2 weeks
or at the time of polypectomy.

Once a malignant polyp is identified, the decision to proceed with surgical resec-
tion is based on histologic features, morphology, and polypectomy margins. Adverse
histologic features include grade 3 or 4 and angiolymphatic invasion. Sessile rather
than pedunculated morphology predicts worse outcomes in terms of recurrence,
mortality, and hematogenous metastasis potentially due to a higher likelihood of
positive margins after attempted endoscopic polypectomy [9, 10]. Incompletely
resected sessile polyps should be considered for colectomy. There is no clear con-
sensus as to the identification of a positive margin; however, the current definition is
the presence of carcinoma within 1-2 mm of the transected margin or at the margin
in a cauterized specimen [11]. Positive or unknown margins, fragmented specimens,
adverse histologic features, and potentially sessile morphology are indications for
laparoscopic or open segmental colectomy with en bloc lymphadenectomy. Prior to
resection, all patients should have a complete colonic evaluation to rule out
synchronous lesions.

Management of Colon Cancer

Prior to operative intervention, initial management should include a careful history
and physical with laboratory testing that includes a carcinoembryonic antigen
(CEA) level. A complete evaluation of the colon is essential utilizing colonoscopy
with biopsy, or a secondary modality if colonoscopy is incomplete or unavailable.
Preoperative staging with CT scans of the chest, abdomen, and pelvis should be
performed to assess for local invasion and for metastatic disease.

Surgical Approach to Colon Cancer

The primary therapy for tumors of the colon is operative. The basic principles of
surgery for colon cancer include:

1. Exploration: adequate visual, tactile, and potentially intraoperative hepatic ultra-
sound staging at the time of primary resection.

2. Removal of the entire cancer with enough bowel proximal and distal to encom-
pass the possibility of submucosal lymphatic tumor spread.

3. Removal of regional mesenteric pedicle, including draining lymphatics, based
on the predictable lymphatic spread of the disease and the potential for regional
mesenteric involvement without concurrent distant involvement.

4. En bloc resection of involved structures (T4 tumors).
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Table 3 Pathologic staging systems for colorectal cancer

5 years
Pathologic features Stage TNM Dukes Astler-Coller su};vival (%)
Depth of invasion
Lamina propria, muscularis 0 TO/Tis A >90
mucosa
Submucosa 1 T1 A B1
Muscularis propria I T2 A Bl
Subserosa, pericolic fat II T3 B Bl 70-85
Adjacent organs, perforation 1T T4 B B2 55-65
Lymph nodal involvement
None NO
1-3 Nodes 111 N1 C C1,C2 45-55
>3 Nodes 111 N2 C ClL, C2 20-30
Distant metastatic disease
Absent MO
Present v Ml D <5

Segmental colonic resections (right, transverse, left, or sigmoid colectomy) are
undertaken based on the tumor location and the related arterial vasculature. These
resections define both a convenient anatomic boundary for standard colonic resec-
tion and also provide for adequate regional lymph node clearance because the major
draining lymphatics follow these blood vessels in the mesentery. The decision for
adjuvant chemotherapy and/or radiation therapy is based on pathologic staging.
This information also provides prognostic information regarding survival to the
patient and family. A number of staging systems have been developed; however, the
TNM system is most commonly used in the US (Table 3).

Laparoscopic Surgical Resection

Numerous studies have proven that laparoscopic surgery is appropriate, and per-
haps preferred, for colon cancer. The landmark COST trial in 2004 established that
laparoscopic resection is equivalent to open resection for colon cancer [12]. The
study included 872 patients who were randomly assigned to curative surgery via
the open or laparoscopic approach. The results revealed no significant difference in
5-year recurrence or overall survival after a median follow-up of 7 years. In the
COLOR trial, 1248 patients were similarly randomly assigned to curative surgery
via the open or laparoscopic approach [13]. The results revealed that the surgical
approaches were equivalent in terms of disease-free survival with a non-statisti-
cally significant absolute difference in 3-year disease-free survival of only 2.0 %
favoring the open approach.
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Complicated Disease

Colorectal tumors may present with complications including obstruction, perfora-
tion, or significant bleeding. These presentations are generally related to more
advanced disease and may preclude a complete staging work-up or potential neoad-
juvant therapy. Unless patients are unstable or critically ill, or the tumor is unresect-
able, the tumor should be resected appropriately.

Surgery for High-Risk Conditions

High-risk conditions for the development of colorectal malignancies include
FAP, HNPCC, and chronic UC. Surgical management may be prophylactic or
possibly therapeutic after a malignancy has been diagnosed. The mainstay of
operative management in FAP and chronic UC is a total proctocolectomy.
Reconstructive options include an ileal pouch-anal anastomosis with or without
temporary diversion, a continent ileostomy (Kock pouch), or an end ileostomy. A
total abdominal colectomy with ileorectal anastomosis may be performed for
temporary preservation of rectal function in selected cases of chronic UC with
rectal sparing and for FAP with few rectal polyps, but this requires aggressive
surveillance of the remaining rectum due to the high risk of malignancy.
Patients with HNPCC should also undergo subtotal colectomy with ileorectal
anastomosis; due to the preponderance of associated gynecologic malignancy,
a total hysterectomy with bilateral salpingoophorectomy should be offered to
women with HNPCC.

Lymph Node Evaluation

Adequate lymph node sampling at the time of resection has important prognostic
and therapeutic implications. Population-based research revealed an association
between examination of >12 lymph nodes and improvement in survival [14, 15].
Evaluation of the Intergroup Trial INT-0089 revealed an increase in survival for
both node-positive and node-negative patients with an increasing number of lymph
nodes examined [16]. These findings suggest that increased lymph node assess-
ment is related to more accurate pathologic staging and, therefore, more appropri-
ate treatment planning, as well as reflect high-quality surgical resection [17].
However, recent research suggests that the impact of lymph node harvest is more
complex, and the benefit observed is likely multi-factorial. Given the impact of
lymph node harvest on long-term outcomes, node-negative patients with fewer
than 12 nodes evaluated should be considered high risk and be considered for adju-
vant chemotherapy.
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Management of Rectal Cancer

Rectal cancer is defined as a cancerous mass located within 12 cm of the anal verge
as identified by rigid endoscopy [18]. Management of rectal cancers is complex
with treatment strategies impacting survival as well as quality of life. Anatomical
location of the tumors within the pelvis also presents unique challenges and
increases the chance of local recurrence compared with colon cancer.

Surgical resection remains central to the management of rectal cancer; however,
most rectal cancers require a multi-disciplinary approach combining surgery with
chemotherapy and radiation. For locally advanced rectal cancer (LARC), neoadju-
vant chemoradiation therapy has been used effectively with superior results as com-
pared to adjuvant therapy [19]. Even though radical surgery remains the standard of
care for LARC patients, select patient groups have been treated successfully with
more conservative approaches including observation or local excision alone follow-
ing neoadjuvant therapy [20].

Initial Evaluation

In the era of neoadjuvant therapy, a critical component in the initial management of
patients with rectal cancer is staging of the primary tumor and regional lymph node
basin. Similar to colon cancer, the TNM staging system of the primary tumor is based
on depth of invasion (T) and regional lymph node invasion (N). Assessing for the pres-
ence of a distant metastasis (M) is also performed to determine the appropriate ther-
apy. The radiographic techniques used for initial staging of the primary tumor and
regional lymph nodes are either endoscopic ultrasound (EUS) or magnetic resonance
imaging (MRI). Endoscopic ultrasound (EUS) accurately predicts the primary (T)
stage prior to treatment in 80-95 % of the cases [21]. A recent meta-analysis demon-
strated that EUS and MRI were both effective especially for depth of tumor penetra-
tion [22]. However, both modalities are less effective for identifying nodal disease.
EUS only correctly predicts the nodal (N) stage in approximately 70 % of the cases
[22]. Complete colonoscopy is recommended to evaluate for synchronous lesions, and
CT scans of the chest, abdomen, and pelvis are used for the evaluation of distant dis-
ease. PET CT scans are not routinely incorporated into the initial evaluation.

Surgical Approach to Rectal Cancer

Two different general approaches for rectal tumors are typically performed, includ-
ing local excision and radical resection. Many factors influence the surgical
decision-making process such as pathologic tumor features, patient comorbidities,
and the impact on quality of life.



60 P.J. Maxwell IV and E.R. Camp

Local excision is an appealing surgical approach, with the advantages of limited
morbidity and avoidance of a colostomy. Tumors in the lower or middle thirds of the
rectum are accessible by simple transanal excision, but tumors of the upper rectum
require the use of transanal endoscopic microsurgery (TEMS) techniques for resec-
tion. Local excision is the treatment of choice for a select, small group of all patients
diagnosed with rectal cancer (<10 %). Tumors amenable to transanal excision are
small (<3 cm), <25 % of the rectal circumference, confined to the mucosa or submu-
cosa (Tis or T1), lack nodal involvement by preoperative imaging, and have favorable
pathologic characteristics (well or moderately differentiated with no lymphovascular
invasion). Local excision is performed ideally with a >5 mm normal margin and is
oriented for pathologic evaluation. However, a major disadvantage is the lack of defin-
itive nodal staging, which may account for the increased rate of local recurrence as
compared with radical surgery. Local excision of T2 tumors has resulted in unaccept-
able high local recurrence rates up to 45 % [23]. Unfortunately, the addition of adju-
vant chemoradiation has not improved the oncologic results significantly.

Tumors staged at T2 or greater require a formal resection, and the type of resec-
tion depends on tumor location. Upper and middle rectal tumors generally can be
managed with a low or very low anterior resection. Lower rectal tumors frequently
require a proctectomy with coloanal anastomosis or an abdominoperineal resection
(APR). Tumors involving the sphincter mechanism require an APR. A critical com-
ponent of the proctectomy is a tumor appropriate total mesorectal excision (TME).
TME involves sharp dissection between pre-sacral fascia and the fascia propria of
the rectum encompassing the entire mesorectum [24]. If successfully performed,
TME achieves complete excision of all mesorectal tissue en bloc with the tumor and
associated lymph nodes and vasculature. TME should be extended at least 5 cm past
the level of the tumor. If correctly maintained, TME increases the likelihood of
autonomic nerve preservation.

Another critical component to optimize outcomes is accurate pathologic margin
assessment. The goal of resection is to obtain a 5 cm distal margin including TME,;
however, lower tumors can be successfully managed with less than a 2 cm distal
mucosal margin [25]. The circumferential (radial) margin of resection has been rec-
ognized as a key pathologic factor in long-term outcomes [26, 27]. A positive CRM
has been defined as a tumor within 1 mm of the surgical specimen. The status of the
CRM is a strong predictor of local recurrence and long-term survival [9, 10]. In the
landmark study by Adam et al., a positive CRM was associated with an 80 % rate of
local pelvic recurrence [26].

Neoadjuvant Chemoradiation for Locally Advanced
Rectal Cancer

Neoadjuvant chemoradiation therapy (NCR) is an appropriate therapeutic strategy
for locally advanced rectal cancer (LARC) defined as primary stage T3 and 4, as
well as node (N)-positive cancers. Beneficial treatment results have been demon-
strated in many studies including randomized as well as Phase II trials [19, 28].
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Table 4 Results from the German Rectal Cancer trial (CAO/ARO/AIO-94)

Neo-adjuvant CMT (%) Adjuvant CMT (%) P value
5 Years LR 6 13 0.006
5 Years OS 76 74 0.80
Sphincter preserved 39 19 0.004
Anastomotic stricture 4 12 0.003
Grade % toxicity 27 40 0.001

CMT combined modality therapy, LR local recurrence, OS overall survival

The benchmark randomized control multi-institutional trial, the German Rectal
Cancer trial, randomized LARC patients to receive either standard adjuvant
chemoradiation following resection or neoadjuvant chemoradiation followed by
resection [19]. This trial highlighted the benefits of preoperative therapy by dem-
onstrating an improved tolerance of prescribed therapy, improved sphincter pres-
ervation, and fewer treatment-related complications (Table 4) [19]. Although no
overall survival benefit was demonstrated, disease-free survival was significantly
improved with neoadjuvant therapy, thus highlighting its critical advantages as
compared to adjuvant therapy. One disadvantage of neoadjuvant therapy is the
potential to over-treat tumors that are staged inaccurately as more advanced
malignancies. If neoadjuvant therapy is not offered, then Stage 2/3 patients should
receive adjuvant chemoradiation.

Conservative Management Following Neoadjuvant
Chemoradiation

Even though radical surgery remains the standard of care for LARC patients, sur-
geons have treated select LARC patients with more conservative approaches includ-
ing observation (wait-and-see) or local excision (LE) alone following neoadjuvant
CMT [20, 29-31]. Generally, this experimental approach has been reserved for
patients with a complete clinical response to NCR and/or patients whose condition
is too poor or who adamantly refuse radical surgery. The landmark investigation by
Habr-Gama et al. compared the outcomes of 71 closely observed patients with a
complete clinical response versus a similar cohort that had an incomplete clinical
response yet had a pathologic complete response on final pathology [20]. In this
study, a clinical complete response was defined as a patient who had no evidence of
recurrent disease at 12 months following completion of therapy. Long-term overall
and disease-free survival did not differ significantly between the 2 groups of patients.
Unfortunately, other groups have not demonstrated similar levels of success with a
non-operative approach, thus decreasing optimism for this approach.

Similarly, studies evaluating conservative treatment approaches, e.g., LE follow-
ing CMT for rectal cancer patients undergoing neoadjuvant therapy, have demonstrated
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Table 5 The experience with local excision following neoadjuvant chemoradiation for locally
advanced rectal cancer

#Pts Mean F/U (mo) pR (%) LR (%) Metastasis
Moffitt [31] 26 24 pT0-65 0 0
pPR-35 1 1
UF [30] 11 55 pT0-73 0 1
pPR-27 0 0
MDACC [29] 26 46 pTO-54 0 1
pPR-46 2/12 2
Total 63 42 pT0-62 0 2.5 %
pPR-38 12.5 % 12.5 %

pT0 complete pathologic response, pR partial response

Table 6 Rates of persistent mesorectal disease based on rectal cancer downstaging with
neoadjuvant chemoradiation

MDACC [32] MSKCC [34] Wash U./Western Padova [35]
n=219 (%) n=187 (%) PA [33]; n=644 (%) n=235 (%)
pTO 9 7 2 2
pT1 20 8 4 15
pT2 23 22 23 17
pT3 37 47 38
pT4 67 48 33

that patients who achieved a pathologic CR had long-term outcomes comparable to
radical surgery (Table 5) [30-32]. However, studies of this conservative surgical
approach in such highly selected patients raise the following concerns. Those prior
investigations (1) have been retrospective, (2) have not assessed the mesorectal
lymph nodes and, (3) need longer follow-up time periods. Even with significant
downstaging of the primary tumor with NCR, many groups have demonstrated high
rates of persistent mesorectal disease (Table 6) [32—-35]. Currently, a wait-and-see
strategy remains investigational and, therefore, should not be considered the stan-
dard of care. In the future, improved staging procedures, as well as improved clini-
cal or molecular predictors, may enhance the success of this conservative approach.

Laparoscopic Rectal Cancer Resection

Similar to laparoscopy for colon cancer, laparoscopy for rectal cancer is gaining
acceptance. The randomized CLASSIC trial comparing open to laparoscopic resec-
tion provided the strongest evidence supporting laparoscopic rectal cancer resection
[36]. In this trial, approximately half of the 794 patients had rectal cancer. No dif-
ferences were observed, however, between the two treatment groups in terms of
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overall survival, disease-free survival, and local recurrence. Other prospective studies
have demonstrated short-term benefits such as shorter hospital stay, less blood loss,
and quicker return of bowel function.

Conclusions

Colorectal cancer is a common, highly treatable and frequently curable malignancy.
There are exciting advances in the both the medical management of disease (i.e.,
neoadjuvant therapies, personalized regimens) and the surgical approaches (i.e., lapa-
roscopic and robotic techniques) that promise to improve our ability to treat CRC.
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Modern Locoregional Treatment
of Colorectal Cancer Liver Metastases

Julie N. Leal and Michael I. D’Angelica

Introduction

Colorectal cancer (CRC) is the third most common malignancy in the USA. In
2012, over 140,000 new cases were diagnosed and over 55, 000 deaths were directly
attributed to CRC [1, 2]. Up to 20 % of patients with CRC have metastatic disease
at the time of primary diagnosis and as many as 50 % subsequently develop meta-
static spread during the course of follow-up. The liver is the most common location
of metastases. Approximately 80 % of all patients with metastatic CRC have some
form of liver involvement, either alone (40 %) or in conjunction with other extrahe-
patic sites (60 %) [3-5]. In the setting of colorectal cancer liver metastases (CRLM)
the only treatment with curative potential is complete resection. Unfortunately, at
the time of diagnosis it is estimated that only 15-20 % of patients have disease that
is amenable to resection [6]. In patients with resected liver only metastases, 5 and
10-year overall survivals (OS) range between 25 % and 74 %, and 9-50 %, respec-
tively [7-10]. Conversely, median survival in patients with potentially resectable
CRLM who remain untreated varies between 6 and 12 months, and survival past
3 years is rare [11, 12]. Furthermore, in patients with unresectable CRLM treatment
with modern chemotherapy is associated with median OS of up to 21 months;
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however, chemotherapy alone is uncommonly associated with 5 year survival (2-5 %)
and to date has not been associated with durable cure [13].

Complete resection of CRLM’s is paramount to achieving long-term survival.
To date, however, a globally accepted definition of “resectability” is lacking.
Historically, the number, distribution, and size of metastases dictated surgical eligi-
bility. More recently, refinements in surgical techniques, and development of surgical
adjuncts, such as portal vein embolization and ablative therapies, have resulted in a
shift towards surgical treatment of more extensive disease irrespective of absolute
tumor size and/or number [3, 8, 14]. This increasingly aggressive approach to surgi-
cal extirpation of CRLMs appears to be safe and when performed at experienced
centers it is associated with surgical morbidity of 20-30 %, and mortality rates of
<3 %. In terms of oncologic outcomes, disease recurrence following resection of
more extensive CRLM is high and can be seen in up to 90 % of cases. Although OS
in this higher risk group is not equivalent to that observed in patients undergoing
resection based on more restrictive definitions, associated prolonged survival is lon-
ger than that seen with nonsurgical therapies [8, 15—18]. In 2013, an expert consen-
sus group revised the working definition of resectability stating that CRLM can be
considered technically resectable if all lesions can be removed with negative mar-
gins, leaving at least two contiguous disease-free segments with adequate vascular
inflow/outflow and biliary drainage, and an overall future liver remnant (FLR) vol-
ume of 20-30 % [19]. This most recent definition highlights the focus on the size and
functionality of the FLR rather than the overall degree of tumor burden and underly-
ing tumor biology. This current definition relies too heavily on technical resectability
alone, essentially ignoring tumor biology and the very high recurrence rates among
patients with extensive CRLM.

Previously, treatment options for patients with unresectable CRLM were few and
primarily palliative in intent. Early studies of 5-fluorouracil (5-FU) based chemo-
therapy alone were associated with minimal intrahepatic tumoricidal effects and
subsequent poor response rates (RR <20 %) [6]. More recently, modern combination
chemotherapy regimens including 5-FU, leucovorin, oxaliplatin and/or irinotecan
used in the first-line setting have been associated with significantly improved RR
(up to 50 %). Depending on the chemotherapy regimen, improvements in RR have
been associated with conversion to complete resection in 10-30 % of initially unre-
sectable patients [20-23]. In addition to improvements in chemotherapy, develop-
ment of targeted therapies, and application of novel locoregional treatments, offer
higher response rates and the improved potential for down-staging of disease and
increasing conversion rates.

Complete resection of CRLM offers the greatest potential for long-term survival
and is the only treatment associated with the possibility of cure. Recent advances in
the management of CRLM have focused on developing measures to improve not
only the safety and efficacy of surgery for those patients with resectable CRLM but
also to increase the number of patients eligible for resection. Over the past decade
the armamentarium of diagnostic, treatment, and surveillance options for CRLM
has expanded significantly and will continue to do so in the future. It is therefore
incumbent upon the clinician to remain apprised of current treatment standards as
well as debates surrounding optimal implementation of newer therapies.
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Clinical Presentation

CRLM may present in either a synchronous or metachronous fashion. Synchronous
CRLM are defined, somewhat arbitrarily, as metastases detected within 12 months of
the primary CRC diagnosis and account for 25-30 % of all CRLM [24]. Typically,
these metastases are asymptomatic and may be identified at the time of staging investi-
gations for the primary tumor, intraoperatively at the time of primary resection, or dur-
ing routine postoperative disease surveillance [25]. In a minority of patients, radiologic
investigation for nonspecific symptomatology such as fatigue, weight loss, anorexia,
abdominal discomfort, bloating, and/or flank pain leads to the incidental diagnosis of
CRLM prior to the primary CRC. Presence of a palpable liver mass, hepatomegaly,
jaundice, or clinical evidence of liver insufficiency is currently uncommon but if found
associated with a poor outcome. Given the routine use of cross-sectional imaging in
CRC patients, physical examination is usually non-contributory.

Metachronous CRLM account for two thirds of all CRLM. Clinical presentation
in this subset of patients varies depending on the population in which they are
detected. In patients participating in active surveillance programs following resec-
tion of the primary tumor, CRLM are typically identified on follow-up cross-
sectional imaging or in the setting of a rising tumor marker (CEA) without specific
symptoms. Alternatively, in the absence of surveillance, presentation in this cohort
is often later and associated with the onset of nonspecific signs and/or symptoms
mentioned above. Therapeutic options for CRLM are predicated on both patient and
tumor factors, as such, all patients with potential CRLM warrant thorough evalua-
tion aimed at providing an accurate diagnosis, determining extent of disease, and
assessing overall functional status.

Evaluation of Disease

Resectability Versus Operability

Determining patients in whom surgical resection will provide significant benefit is
dependent upon fastidious evaluation, not only of technical resectability, but also of
operability. Assessment of operability includes characterization of overall health sta-
tus and evaluation of biologic disease behavior. Patient related factors such as severe
comorbid disease and/or poor functional status increase the risk of perioperative com-
plication and mortality, and in some patients may be prohibitive [26]. Disease biology
is a critical component of the assessment of operability. Short disease-free interval
(time from primary CRC to CRLM)), rapid disease progression, and/or progression of
disease while on therapy can be used clinically as surrogates of aggressive cancer
biology. Although these are not absolute contraindications to resection they portend
worse outcomes following surgery such that alternative approaches to management
may be considered [19]. In those patients deemed to be operable, a thorough evalua-
tion of technical resectability by a hepatobiliary surgeon is essential and should
include assessment of tumor burden within the liver, evaluation of the future liver
remnant (FLR), and search for evidence of extrahepatic disease (EHD).



70

J.N. Leal and M.I. D’Angelica

Table 1 Comparison of common imaging modalities used for the detection and characterization

of colorectal liver metastases

Modality | Advantages

CT — Widespread availability

— Relatively low cost

— Rapid image acquisition
— Evaluation of EHD

— Volume assessment of FLR
— Vascular mapping (CTA)
— Therapeutic monitoring

MRI — improved detection/

characterization of:
— small lesions (<10 mm)

— lesions in the setting of
chemotherapy induced
liver injury (steatosis)

— no radiation exposure

FDG -
PET _

Evaluation of EHD
surveillance for recurrence

— increased sensitivity/
specificity when combined
with CT

Limitations

Sensitivity (%)

poor detection and 70-85
characterization of lesions

<10 mm

reduced sensitivity in setting

of chemotherapy induced

liver injury (steatosis)

requires iodinated contrast
contraindicated in patients

with renal dysfunction/

failure

radiation exposure

limited availability 91-97
image acquisition time

consuming requiring

significant patient

compliance

expensive

contraindicated in setting of
certain medical implants
(PM, stents etc.)

limited availability 78-95
high false positive rates,

leading to unnecessary

work-up

expensive

poor detection following
chemotherapy

poor detection of lesions

<10 mm

EHD =extrahepatic disease, FLR =future liver remnant, CTA =CT angiography

Radiologic Assessment

Evaluation of local tumor burden is essential to the assessment of potential surgical
candidates. This includes identification of the number of segments involved, the rela-
tion of tumor(s) to vascular inflow/outflow and major bile ducts, and estimation of
the FLR. Each major imaging modality has inherent benefits and limitations
(Table 1), and at present there is no agreed upon gold standard for identifying CRLM
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Fig. 1 Comparison of radiographic imaging modalities for colorectal cancer liver metastases
with, (a) dynamic contrast enhanced CT-portovenous phase, (b) T1-weighted MRI, (¢) T2-weighted
MRI with fat suppression, (d) T1 weighted MRI post contrast with liver-specific contrast media

(EOVIST™) on delayed hepatobiliary phase (— tumor)

or critical anatomic structures. Selection of imaging technique(s) is typically
dependent on individual and institution biases. In the past trans-abdominal ultra-
sound (US) was used extensively to image the liver, however, the sensitivity of this
modality for the characterization of CRLM is low, reportedly failing to detect up to
50 % of lesions [27]. Consequently, trans-abdominal US is not recommended for
assessment of resectability. To overcome some of the limitations of standard US in
defining CRLM, addition of microbubble contrast media has been suggested. Current
studies suggest contrast enhanced ultrasound (CEUS) performs similar to CT and
contrast enhanced magnetic resonance imaging in identification and characterization
of liver lesions [28]. Although uncommon, CEUS has been used intraoperatively to
assess tumor burden with some success [29]. At present, the role of CEUS in the
management of CRLM is not well defined and in the USA its clinical use has been
hampered by a lack of regulatory approval of microbubble contrast media.

Dynamic contrast enhanced computerized tomography refers to CT imaging of
the liver in which images are obtained in three phases (triphasic); non-contrast, arte-
rial, and portovenous. CRLM are typically hypoattenuating compared to the back-
ground liver parenchyma, and are best visualized during the portovenous phase
(Fig. 1a). Sensitivity of modern thin slice, triphasic, contrast enhanced CT for the
detection of CRLM ranges from 80 to 90 % and is significantly higher than standard
contrast enhanced CT (sensitivity 60—75 %) [25]. These performance characteris-
tics, in conjunction with widespread availability and relative cost-effectiveness,
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have led dynamic CT to be the most common radiology investigation for evaluation
of CRLM [30]. However, CT is limited in its ability to identify and characterize
smaller liver lesions, specifically those lesions <10 mm. Wiering et al. noted that
despite CT being 97 % successful in detecting lesions >20 mm and 72 % successful
for lesions 10-20 mm, CT performed poorly for lesions <10 mm, with a success rate
of only 16 % [31]. Furthermore, previous treatment with cytotoxic chemotherapy
may lead to steatosis of the underlying liver parenchyma and a subsequent decrease
in the ability to discriminate between CRLM and normal liver. This phenomenon
significantly decreases the sensitivity of CT to detect CRLM [32]. This has been
observed in multiple studies. A recently published meta-analysis suggests pooled
sensitivity estimates for CT following chemotherapy to be 69.9 % (65.6-73.9 %)
compared to 80.5 % (67.0-89.4 %) in chemotherapy naive patients [33]. Despite
these limitations, CT remains the most common initial radiology investigation for
evaluation of CRLM [30], with reservation of alternative investigations for
“problem-solving” in the setting of lesions too small to characterize on CT or in
chemotherapy treated patients.

Magnetic resonance imaging (MRI) provides exquisite soft tissue resolution
when compared to other imaging modalities. As a consequence MRI offers several
advantages in terms of detection and characterization of smaller lesions, and evalu-
ation of the liver in the setting of previous chemotherapy or other underlying
parenchymal abnormalities. CRLM appear hypointense to isointense on
T1-weighted images, and isointense to hyperintense on T2-weighted images
(Fig. 1b/c). Overall, the sensitivity of contrast enhanced MRI to detect CRLM is
reported to range from 91 to 97 % [34] and the accuracy in stratifying too small to
characterize lesions (<10 mm) as benign or malignant is over 90 %. Furthermore,
specificity of liver MRI for the diagnosis of malignant lesions far exceeds that of
CT (97.5 % versus 77.3 %) [35]. Use of chemotherapy can lead to steatosis and
increasing amounts of fat within the liver which makes CRLM more difficult to
detect. MRI is advantageous in this setting as images can be reformatted using
“fat-suppression” techniques leading to improved detection of CRLM when com-
pared to other imaging modalities. Meta-analyses of studies of patients with CRLM
previously treated with chemotherapy suggest a sensitivity of liver MRI of 85.7 %
(69.7-94.0 %), which is significantly improved over other imaging techniques
[33]. Development of newer tissue-specific contrast agents such as gadozetate
(Gd-EOB-DTPA; Eovist), that are taken up by hepatocytes can further improve the
performance of MRI in identifying and characterizing CRLM (Fig. 1d) [36].
Additionally, diffusion weighted MRI (DWI), which relies on the differential pro-
ton diffusion characteristics between benign and malignant tissue, is another modi-
fication of standard MRI that may improve evaluation the liver for CRLM [37] The
major limitations of MRI evaluation is the requirement for substantial patient com-
pliance to minimize motion artifact, poor assessment of disease outside the liver,
high cost, and limited availability, as such it is not the ideal initial investigation in
the setting of CRLM. However, evidence suggests that available MRI techniques
allow better characterization of small (<10 mm) CRLM and improve detection
rates in the setting of previous chemotherapy. It is this subset of patients for whom
use of MRI is likely warranted.
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Over the last two decades novel functional imaging techniques such as positron
emission tomography using the radiolabelled 18-fluoro-deoxyglucose (FDG-PET)
have proven useful in the detection of cancer. Images associated with FDG PET are
dependent on the degree of uptake and accumulation of radiolabeled tracer. Cells
that are highly active metabolically, such as cancer cells, tend to take up and hold
onto greater amounts of radiotracer when compared to less active cells. Visualized
foci of increased uptake are quantified using the standardized uptake value
(SUV =activity per unit volume/injected activity per body weight). To date, FDG
PET has been extensively evaluated in the setting of CRLM. Multiple meta-analysis
and systematic reviews of trials regarding the diagnostic performance of FDG PET
have been published [38—41] and suggest overall sensitivity of the test for the detec-
tion of CRLM to be significantly improved over MRI and CT (94.1 % versus 88.2 %
and 83.6 %, respectively) [41]. However, much criticism exists regarding the impli-
cation of these findings and many suggest these studies are hampered by inappropri-
ate comparison groups with poor quality imaging, thus FDG PET is typically
reserved for problem-solving and/or evaluation for extrahepatic disease. Although
FDG PET performs very well as a diagnostic test, it lacks spatial resolution of ana-
tomic details, and evaluation of technical resectability is not feasible. Fusion of
FDG PET with high quality CT (PET-CT) is an attempt to combat this limitation
and is rapidly replacing stand alone PET scanning. Overall, the combined PET-CT
allows for highly sensitive detection of CRLM and impressive tumor localization
[30]. FDG PET is advantageous in that the entire body is imaged and its use as a
component of the preoperative extent of disease work up for patients with CRLM
and concern for EHD has been evaluated. Earlier studies evaluating PET-CT in this
setting suggested improved evaluation of tumor burden and a subsequent reduction
in futile laparotomy of up to 20 % [42] Based on this, it was concluded that routine
use of preoperative staging PET-CT was essential to avoid unnecessary surgery.
However, most recently, a randomized control trial of preoperative PET-CT versus
no PET-CT in patients with initially resectable CRLM was conducted and the
impact on surgical management was assessed [43]. In the 263 patients undergoing
PET-CT in this trial, overall surgical plan was changed (canceled, more extensive
liver resection, or more extensive extrahepatic resection) in only 23 (8.7 %) patients.
More importantly, of these changes in management only 9 (2.7 %) patients avoided
futile laparotomy, which is in stark contrast to the 20 % previously reported [42].
Major limitations to FDG-PET and PET-CT include limited accessibility, high cost,
and poor diagnostic sensitivity for lesions <10 mm and in the setting of previous
chemotherapy [33]. These limitations in conjunction with the best available evidence
suggest that standardized use of PET-CT as a staging tool in patients with CRLM
rarely results in clinically significant changes in management plans and is not cost-
effective. PET-CT use should be reserved for cases in which diagnostic uncertainty
regarding the presence or absence of EHD exists.

Radiographic imaging plays an integral role in the detection and characterization
of CRLM as well as identification of EHD. To date, no gold standard imaging
modality for evaluation of patients with CRLM has been defined. Based on currently
available evidence, and cost-effectiveness, a reasonable algorithm for investigation
of CRLM would include; initial dynamic CT (in most patients this will be adequate
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to determine technical resectability and extent of disease), if lesions are seen on CT
that are too small to characterize (<10 mm) or if there is evidence of significant
chemotherapy induced parenchyma injury, MRI should be performed. PET-CT is
expensive and unnecessary in most patients. Its use should be reserved for those
difficult cases in which delineation of potential EHD is necessary.

Evaluation of the Future Liver Remnant

FLR refers to the portion of liver that will remain in situ following hepatic resection
and is one of the major determinants of technical resectability and postoperative
morbidity. Evaluation of both quantity (volume) and quality (uptake/excretion/syn-
thetic function) of the FLR is important in order to determine risk of postoperative
liver insufficiency [19]. FLR volume is primarily determined using preoperative
cross sectional imaging. Using available imaging and standard radiologic software,
the proposed line of transection is drawn and the remnant volume of liver is subse-
quently calculated. Typically, FLR is measured as a proportion of total liver volume
(TLV) and expressed as a percentage. It may also be evaluated and expressed as a
ratio of FLR to body weight (BW) [44] Any cysts, tumors, and/or zones of previous
ablation are outlined and excluded from the final measured volumes. Adequate FLR
volume is essential to minimize the risk of postoperative liver insufficiency. However,
the absolute volume of FLR required is dependent on the status of the underlying
liver parenchyma. Multiple methods for evaluating hepatic reserve/function and
predicting outcome exist. In North America clinicians tend to rely heavily on single
laboratory values (total bilirubin) and or clinical scoring systems (Child-Pugh,
MELD) [45] to estimate degree of liver dysfunction and potential risk. On the other
hand, in the East, indocyanine green clearance tests measuring hepatic perfusion
and excretory function are a common means of assessing liver function [46].
Accepted minimal FLR is contingent on both volume and function. Although data
are limited, generally accepted minimal static FLR values for normal liver, chemo-
therapy treated liver, and cirrhotic liver are; >20 %, >30 % and >40 %, respectively
[47]. Based on thorough evaluation FLR may be considered adequate, borderline,
or insufficient for safe resection. In the foremost group surgical resection may be
pursued without further intervention. In patients with borderline and insufficient
FLR techniques have been developed to induce hypertrophy of the remnant liver
such that resection may be achievable.

Strategies to Increase Future Liver Remnant Volume

Laboratory studies conducted as early as the 1920s indicated that interruption of the
portal venous flow to the liver resulted in atrophy of the ipsilateral segment and
compensatory hypertrophy of the contralateral side [48]. This translated into the
clinical hypothesis that in patients requiring major hepatic resection, where FLR
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TLV(mL) = 1824

RV (mL) =1150
RV/TLV = 63%

FLR (mlL) =664
FI.R)' TLV =36%

TLV (mL) = 1756

RV (mL) = 963
RV/TLV =55%

FLR (mL) =784
FLR/TLV = 45%

Fig. 2 CT imaging and volumetric rendering of the liver; (a) before portal vein embolization and,
(b) after portal vein embolization ( line of proposed parenchymal transection, TLV =total
liver volume, RV =resection volume, FLR =future liver remnant)

would be inadequate, diversion of portal blood flow from the portion of liver to be
resected could result in hypertrophy of the FLR and subsequently allow safer
resection of larger volumes of liver.

The most common method to achieve cessation of portal flow is percutaneous
embolization. In the early 1980s proof of concept studies by Kinochita et al. [49]
described perioperative portal vein embolization (PVE) in humans. Later PVE was
used on a larger scale clinically with success in the setting of major resection for
hilar cholangiocarcinoma and other primary hepatic malignancies [50]. In 2003,
Belghiti et al. published a prospective trial of right hepatectomy with and without
preoperative PVE. Subgroup analysis of patients with and without chronic liver dis-
ease (CLD) revealed that although hypertrophy of the FLR occurs in both groups,
clinical benefit in terms of reduced overall morbidity and liver insufficiency was
only observed in patients with CLD, no benefit of PVE was observed in the patients
with normal underlying liver parenchyma [51]. To date no other prospective trial of
PVE has been completed and present indications for preoperative PVE include any
hepatic resection in which concern exists regarding the adequacy of the FLR. It is
generally accepted that in order to minimize the risk of perioperative liver insuffi-
ciency PVE should be considered if the post-resectional liver volume is estimated to
be <20 % [19, 52]. PVE is most commonly completed via percutaneous transhe-
patic route. Open techniques have also been described with access to the portal vein
via iliocolic branches; although equally as effective in inducing hypertrophy, this
requires mini-laparotomy and is rarely utilized [50]. Typically, 4 weeks following
the procedure, adequacy of PVE is assessed with repeat cross section imaging and
liver volumetry. Figure 2 illustrates CT images and volumetric rendering of the liver
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prior to and following PVE. In a recent meta-analysis typical absolute volume
changes observed with PVE ranged from 8 to 27 % [52]. Traditionally, static mea-
surements of the FLR (sFLR) volume have been used in the prediction of
postoperative liver insufficiency. More recently, however, it has been suggested that
it is not only the absolute sFLR volume (i.e., >20 % sFLR in normal liver) but also
the degree of hypertrophy (DH) [53] and the kinetic growth rate (KGR) [54] of the
FLR following PVE that are important in assessment of the adequacy of the
FLR. Many believe these dynamic measures (DH, KGR) are the best in vivo mark-
ers of the functional capacity of the liver. Therefore, in conjunction with sFLR
>20 %, DH>5 % and a KGR of >2 %/week following PVE are considered minimal
acceptable parameters for safe liver resection.

Portal vein ligation (PVL) is another technique in which hypertrophy of the FLR
may be achieved. Results with this technique appear to be equivalent to those
obtained with PVE [55]. However, PVL, is significantly more invasive requiring
either mini-laparotomy or laparoscopy to complete and at present, outside of its use
in two-stage resections, it is rarely used. Most recently, in attempts to induce more
rapid and greater hypertrophy of the FLR a surgical procedure has been described
in which partitioning of the liver is combined with portal vein ligation (Associating
liver partition and portal vein ligation for staged hepatectomy-ALPPS) [56-58].
The concept behind this procedure is that combination of PVL with in situ splitting
of the liver prevents the development of collateral circulation between segments and
leads to more complete vascular isolation of the FLR, optimizing conditions for
hypertrophy of the FLR. Although initial studies show significant and rapid increases
in FLR (median increase 74 %, median time 9 days) the overall complication rate
exceeds 60 %, with major complications occurring in over 40 % of patients, and in
hospital death reported in 12 % [58]. Furthermore, the procedure requires two lapa-
rotomies within 7-10 days of each other which can be exceedingly arduous and
taxing for patients. It appears that although novel in concept, the risks associated
with ALPPS are significant and the benefits have yet to be seen, as such general
application is not recommended.

Assessment of Prognosis

Over the past 20years multiple different scoring systems and predictive models
have been developed to help prognosticate patients with resectable CRLM (Table 2)
[59-70]. Despite the heterogeneity in patient populations and era of study, the
majority of these systems incorporate some variation of factors related to the pathol-
ogy of the primary CRC, extent of disease (primary tumor and metastases), and
timing of CRLM development relative to primary CRC. To date there is no uni-
formly accepted or “ideal” prognostic scoring system, however, the clinical risk
score (CRS) as reported by Fong et al. in 1999 [60] is the most widely used [71, 72].
Based on multivariate analysis of preoperative clinicopathologic factors it is com-
prised of five criteria including, disease-free interval (DFI) < 12 months, size >5 cm,
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Table 2 Comparison of prognostic scoring systems

Author (year, | Number Time Risk groups Outcome
location) of patients |frame | Prognostic factors (score) (5-year)
Nordlinger 1568 1968— |- Age>60 Low (0-2) 2 year—79 %
etal., 1996; 1990 | Serosal invasion of | Intermediate 60 %
France [59] primary (3-4)

— Node+ primary High (5-7) 43 %

— DFI<?2 years

— Size >5cm

— >4 tumors

— Margin <1 cm

Fong et al., 1001 1985- |- Margin + 0(0) 60 %

1999; USA 1998 | _ EHD 1(1) 44 9

[60] — Node + primary 2(2) 40 %
— DFI <12 month 3(3) 20 %
— Size >5cm 44 25 %
— > 1 tumor 5(5) 14 %
— CEA >200 ng/mL

Iwatsuki et al., | 305 1981- | — >2 tumors Grade 1 (0) 48 %

1999; USA 1996 | _ Size >8 cm Grade 2 (1) 34 %

(61] — Bilobar distribution | Grade 3 (2) 18 %

— DFI <30 months Grade 4 (3) 6 %

— Margin + Grade 5 (4) 1%
— EHD Grade 6 (Rl or [ 0%
EHD)
Ueno et al., 85 1985— |- Primary tumor with | Stage A (0-1) |55 %
2000; Japan 1996 marked budding
[62] and/or node +
— DFI<1 year Stage B (2) 14 %
— >3 tumors Stage C (3) 0%
Lise et al., 132 1977- |— >30 % liver Group A (0-2) | 3 Year
2001; Italy 1997 invasion
[63] — Node +primary Group B 3-5) |80 %
— > 1 tumor Group C (>6) |55 %
— GPT >55U/L 10 %
— Non-anatomic
resection
Nagashima 81 1981- |- Serosal invasion of | Grade A (0-1) |85 %
et al., 2004; 1997 primary
Japan [64] — Node+ primary Grade B (2-3) |56 %
— Resectable EHD Grade C (>3) 0%
— >1 tumor
— Size>5cm

(continued)
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Table 2 (continued)

Author (year,
location)

Schindl et al.,
2005; UK [65]

Malik et al.,
2007; UK [66]

Zakaria et al.,
2007; USA
[67]

Leeetal.,
2008; Korea
[68]

Rees et al.,
2008; UK [69]
Evaluated
preoperative
and
postoperative
risk?

Konopke
et al., 2009;
Germany [70]

Number
of patients

270

687

662

135

929

201

Time
frame

1988—
2002

1993—
2006

1960-
1995

1994—
2005

1987—
2005

1993—
2006

Prognostic factors

Duke stage C
CEA level

ALP
Albumin

>3 tumors
Inflammatory

response to tumor

> 8 tumors

DFI <30 months
Size>8 cm

Blood Transfusion

Hepatoduodenal
lymph node +

Margin <5 mm
CEA>5 ng/mL
Node + primary
> | tumor
> | tumor

Node + primary

Poorly differentiate

primary

EHD

Size>5 cm
CEA >60 ng/mL
Margin +

> 4 tumors

Synchronous
metastases

CEA >200 ng/mL

J.N. Leal and M.I. D’Angelica

Risk groups
(score)
Good (0-10)
Moderate
(11-25)
Poor (>25)

0 (0)

(D)

2(2)

Group 1 (0)
Group 2 (BT)
Group 3
(HDN)

Low (0-1)
Intermediate (2)
High (34)

0(0)

1-5 (1-5)

6-10 (6-10)

11-15 (11-15)
>15 (>15)

Low (0)
Intermediate
(1)

High (>2)

Outcome
(5-year)
Median OS
60 months

32 months
22 months

49 %

34 %
0 %
55 %
39 %
20 %

46 %
41 %
11 %

Pre/Post

66 %/64 %

51 %/49 %

35 %/34 %
21 %/21 %
2 %/2 %

Median OS
67 months

47 months
38 months

EHD =extrahepatic disease, CEA =carcinoembryonic antigen, GPT =glutamic pyruvic transami-
nase, ALP=alanine phosphatase, R1=involved margin, BT =blood transfusion, HDN =hepato-
duodenal lymph nodes
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tumor number >1, CEA >200 ng/mL, and node positive primary, each of which is
given a single point and a sum total score is generated. In the initial study by Fong
et al. the total score was highly predictive of OS (p<0.0001), with actuarial 5 year
OS of 60 % and 14 %, for scores of 0 and 5, respectively. Since its inception the
clinical utility of this scoring system has been evaluated extensively and has been
validated in other study cohorts [67, 71, 73-75], however, its external validity has
not been universally observed [67].

More recently, the value and relevance of these clinical scoring systems has been
called into question [9, 72, 76, 77]. The primary issue surrounding these models is
the fact that they were developed using retrospective analysis of historical cohorts,
including patients from over 40 years ago. Within that time frame the management
of CRLM has drastically changed and our ability to assess patient-specific tumor
biology and evaluate molecular markers of prognosis has increased exponentially.
To date multiple studies have attempted to identify potential radiologic, pathologic
and molecular markers of prognosis. To this end, KRAS, a GTPase that when acti-
vated induces the mitogen-activated protein kinase (MAPK) cascade, has been the
most extensively evaluated with respect to prognosis. CRLM with mutant KRAS
have not only been associated with resistance to epidermal growth factor targeted
antibodies, but in recent studies have been associated with significantly worse OS,
DSS, and RFS [78, 79]. A variety of other molecular markers have also been
assessed with respect to outcome in patients with CRLM and are outlined in Box 1.

Modern chemotherapeutics are increasingly being used in the neoadjuvant setting,
and have generated significant interest in the evaluation of the relationship between
response to therapy and prognosis. Degree of tumor response to chemotherapy can
be assessed radiographically, most commonly using size-based measures such as

Box 1: Association of Molecular Markers and Survival in CRLM

Biomarker Prevalence Impact on survival

K-RAS mutation 40 % Independent predictor of worse OS, DSS, and

[78, 79] RFS

BRAF mutation [80] | 5-10 % Independent predictor of worse OS

Thymidylate 20-80 % Overexpression is associated with worse OS

synthase [81, 82] (overexpression) | and RFS

hTERT [83, 84] - N/A Independent predictor of worse OS;
correlation with survival better than CRS

Ki-67 [78, 84] - N/A Independent predictor of worse OS;
correlation with survival better than CRS

Hypoxia inducible 30 % Overexpression is an independent risk factor

factor-1o [85] (overexpression) | for disease recurrence

OS =overall survival, DSS =disease-specific survival, RFS =recurrence-free survival,
CRS =clinical risk score
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response evaluation criteria in solid tumors (RECIST). Using these criteria multiple
studies have revealed that patients with CRLM who demonstrate radiographic pro-
gression while on treatment have worse OS, DSS, and RFS [86-88]. More recent
reports, however, suggest that even with disease progression on chemotherapy,
patients who remain resectable may have OS similar to those in whom complete or
partial responses are observed [89]. Response to treatment may also be evaluated
pathologically. The extent of pathologic response, measured as a percentage of
remaining viable tumor cells, has repeatedly been shown to positively correlate with
survival and recurrence outcomes [90-92]. More recent investigations suggest that
the type of pathologic response, assessed by pathologic tumor regression (fibrosis
overgrowing on tumor cells, decreased necrosis, and tumor glands at the periphery),
is a better indicator of tumor response to chemotherapy and is an independent pre-
dictor of DFS [93]. Molecular risk scores (MRS), generated from gene expression
profiling have recently been reported [94]. The MRS appears to have prognostic
value in terms of DSS as well as liver recurrence-free survival (LRFS) alone as well
as in conjunction with the CRS. Parallel innovations in many different realms; radi-
ology, pathology, molecular biology, and genetics, has led to an insurgence of data
regarding CRLM biomarkers. At present, no comprehensive prognostic scoring sys-
tem incorporating these new potential biomarkers with clinical criteria has been
developed. However, it is certain that as cancer care becomes increasingly personal-
ized, integration of clinical and biologic factors will be essential in determining
optimal therapeutic interventions.

Resectable Colorectal Liver Metastases

General Approach

Historically, of the over 50 % of patients with CRC who develop CRLM, only
15-20 % will have disease that is amenable to surgical resection [6]. However, as
advancements in all areas of treatment of CRLM continue and the boundaries of
surgical resection expand, this number is certain to increase. In general, resection
for CRLM may be undertaken only when patient operability has been established,
resectability confirmed, and FLR adequacy verified. Once the decision to proceed
with resection is made, an operative plan, with the aim of removing all tumor(s)
with a clear margin while simultaneously preserving as much functional liver paren-
chyma as feasible, is formulated. The importance of an RO resection on disease
recurrence has been well established; however, what constitutes RO or negative mar-
gins remains a point of some debate. Previously, surgical margins with evidence of
microscopic tumor present within 1 cm of the transected parenchyma (R1) were
associated with significantly worse clinical outcomes [95, 96]. In attempts to avoid
margin positivity, large volume anatomic resections (hemi-hepatectomies and
trisegmentectomy) were commonly employed. This approach was bolstered by
early studies suggesting that non-anatomic wedge resections (WR) were associated
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with increased rates of margin positivity when compared to anatomic lobar and
segmental resection (AR) and subsequent worse clinical outcome [97, 98]. More
recently, multiple large studies call to question the need for a 1 cm negative resec-
tion margin and suggest that although a negative margin (RO resection) is critical,
the width of that margin in millimeters is not [99—-102]. As the definition of ade-
quate surgical margins changed, surgical practice shifted towards greater use of
parenchymal preservation techniques (WR). With this paradigm shift away from
large volume resections, concerns arose regarding oncologic outcomes. In recent
studies, however, no differences in terms of margin positivity or clinical outcome
have been observed between parenchymal preservation WR and AR [18, 103, 104].

Open liver resection is typically performed under low central venous pressure
(LCVP) anesthesia (CVP<5 mmHg), through an upper midline or a subcostal
hockey stick (right subcostal with midline vertical extension) incision. LCVP anes-
thesia consists of a prehepatic resection phase where crystalloid administration is
limited. CVP is kept at or below 5 mmHg in an attempt to minimize bleeding from
hepatic veins during parenchymal transection and facilitate control of venous injury
should it occur. Following hepatic transection, a resuscitation phase begins, where
patients are returned to euvolemic state. Use of this technique is associated with
reduced intraoperative blood loss, decreased perioperative blood transfusion, and has
contributed significantly to lower surgical morbidity in patients undergoing liver
resection [105]. Upon entering the abdominal cavity a full laparotomy is performed
and a search for evidence of EHD is completed and any concerning findings are
biopsied and sent for frozen section analysis. The liver is then mobilized, examined
by palpation and intraoperative ultrasound (IOUS) is performed to confirm the loca-
tion of all known tumors, to identify any new lesions (or residual tumor in the setting
of neoadjuvant chemotherapy), and to assess tumor location relative to critical struc-
tures. Currently some controversy exists as to the overall utility of routine IOUS in
the setting of CRLM. Initial studies indicated that IOUS changed operative manage-
ment plan in 44-67 % of cases [106, 107] and clearly supported its value. However,
some argument exists, that in the current era of high-resolution preoperative imaging
routine use of IOUS is low yield and should be reserved for use only in cases in
which preoperative imaging elicits concerns regarding involvement of critical struc-
tures, or in the setting of disappearing CRLM following neoadjuvant chemotherapy
[108]. Despite this, IOUS adds little time to the procedure and continues to be per-
formed routinely in most centers.

After a thorough evaluation, if no unexpected findings are encountered, preparation
for liver transection begins. In all liver resections control of hepatic inflow struc-
tures at the hilum should be obtain such that, if required, a Pringle maneuver may
be applied. For tumors in precarious locations, isolation and encirclement of hepatic
veins should be considered, as rapid control may be obtained should it be required.
For major resections, typically inflow is taken followed by outflow. The line of tran-
section is marked on the liver and parenchymal transection initiated. Many different
techniques and instruments have been described for division of hepatic tissue
including clamp-crush, ultrasound or harmonic vibration, water jet, and ablative
devices none of which is superior to another and use is typically dictated by surgeon
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preference. Regardless of instrument the goal of parenchymal transection is to
safely and efficiently come through the liver tissue with minimal damage to the
parenchyma that will remain. Transection should be cautious and all visible vessels
and bile ducts formally secured. Blind coagulation of these structures increases the
risk of postoperative bleeding and bile leak. At the completion of transection the
specimen is checked to ensure grossly negative margins. The raw edge of the liver
is assessed for hemostasis and biliostasis, the patient is resuscitated, and the abdo-
men closed. The evolution of these operative techniques combined with meticulous
LCVP anesthesia and fastidious perioperative care, have significantly decreased the
morbidity and mortality of liver resection, such that even large volume resection
may safely be performed in experienced centers.

Synchronous Colorectal Liver Metastases

CRLM present at the time of primary diagnosis and/or those diagnosed within the
following 12 months, are arbitrarily defined as synchronous. Patients presenting in
this fashion may have less favorable disease biology and worse clinical outcomes
[59, 60]. Simultaneous diagnosis of primary CRC and CRLM represents a unique,
often challenging, clinical scenario requiring special consideration and multidisci-
plinary management [109]. In the setting of resectable synchronous CRLM three
different surgical approaches have been described. The “classic” approach is most
commonly employed and includes upfront resection of the primary CRC followed by
subsequent liver resection at a later date. However, as morbidity associated with
hepatectomy continues to decrease, there is increased enthusiasm for the use of a
“combined” resection strategy, in which both the primary tumor and CRLM are
removed simultaneously. Most recently, a third approach, referred to as the “reverse”
or, liver first, approach has been described, in which hepatectomy precedes resection
of the primary lesion. With the addition of chemotherapy, many permutations of
these general approaches exist [110]. Each approach is associated with specific sur-
gical and oncologic risks and benefits (Table 3). To date, no good clinical evidence
exists to suggest superiority of one approach over the other [111].

Staged Resection Strategies

The “classic” or primary first approach is the most commonly employed. Typically
patients undergo resection of their primary disease followed by some duration of
adjuvant chemotherapy followed by hepatectomy. Proponents of this strategy
suggest that it offers significant advantages including: (1) delivery of chemotherapy
prior to liver resection ensuring all patients receive some treatment, (2) disease
progression on chemotherapy identifies aggressive tumor biology and prevents
unnecessary and morbid hepatic resection, (3) assessment of tumor responsiveness
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Table 3 Comparison of surgical approaches for management of synchronous colorectal liver
metastases

Approach Advantages Pitfalls
Classic — delivery of chemotherapy — chemotherapy induced liver injury
(primary first) prior to liver resection is
more reliable
— test of time to assess tumor |— disappearing CRLM
biology
— in vivo assessment of tumor |— progression of disease

responsiveness facilitating
postoperative therapy

— removal of the “source” of
subsequent metastases

Reverse (liver — progression of disease — primary CRC related complication
first) unlikely (rare)

— removal of “lethal” disease |— decreased ability to deliver

first chemotherapy postoperatively

Simultaneous — single surgery — relatively contraindication with major
(combined liver hepatic resection or low rectal
and primary) resection (LAR/APR)

—  +/- reduced morbidity — prolonged recovery may delay adjuvant

chemotherapy

CRC=colorectal cancer, LAR =low anterior resection, APR =abdominoperineal resection

to chemotherapy prior to resection allows better selection of postoperative chemo-
therapy, and (4) resection of the primary removes the “source” of subsequent metas-
tases. However, these assumptions for the most part are theoretical in nature and
have not been substantiated. For instance, no prospective trial of neoadjuvant or
perioperative chemotherapy in the setting of resectable CRLM has shown benefit in
terms of overall survival; therefore, whether or not a patient receives, or does not
receive, therapy may in fact be a moot point. Furthermore, in randomized trials of
modern short course perioperative chemotherapy for resectable CRLM, disease pro-
gression is rare (7-8 %) [88, 112], as such identification of biologically aggressive
disease is unlikely. Additionally, administration of chemotherapeutic agents such as
oxaliplatin and irinotecan prior to liver resection may cause injury to the non-
tumoral liver, and potentially increase the risk of subsequently hepatic resection
[24]. This staged approach has been extensively evaluated and compared to the
alternatives, and in some studies is has been associated with increased combined
morbidity [113] while in others it has not [114]. Most importantly, to date, no differ-
ences have been observed in terms of long-term clinical outcomes [111]. At present
no consensus exists regarding when and in whom this approach for synchronous
CRLM is indicated.

In the past it was thought that resection of the primary tumor was essential to
prevent complication (bleeding, perforation, obstruction), however, in the era of
current combination chemotherapy regimens, these events are rare [115] and leaving
the primary tumor in situ is acceptable and safe. Consequently, an alternative staged
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approach to synchronous CRLM has recently been described. This “reverse” or
liver first approach entails resection of the CRLM followed by interval resection of
the primary. The initial rationale of liver resection prior to primary resection stems
from the belief that it is the burden of disease within the liver that dictates the devel-
opment of subsequent metastases. Although commonly stated by proponents of a
liver first approach, this popular theory lacks scientific evidence. With this strategy
chemotherapy is typically given prior to liver resection. Consequently, it has been
suggested as an approach well suited to rectal primaries, where evidence exists to
support the use of preoperative chemoradiotherapy [116], and in the setting of more
advanced CRLM [117] where reducing hepatic tumor burden may improve resect-
ability of the CRLM. Recent systematic reviews evaluating the reverse approach in
synchronous CRLM suggests that it is feasible and safe [118] and not inferior to
other suggested management strategies [111].

Simultaneous Resection Strategies

Recent advances in perioperative care and surgical technique have reduced morbid-
ity and mortality of both colorectal and liver surgeries, leading many to consider
combined surgery in the setting of patients with resectable synchronous
CRLM. Numerous retrospective studies published over the last two decades, sup-
port this shift in paradigm, and suggest that simultaneous colon and liver resection
is not associated with increase morbidity when compared to either resection per-
formed alone [114, 119]. In fact, given the need for a single operation, some suggest
a reduction in cumulative morbidity when compared to staged interventions [113].
Simultaneous resection offers the benefits of a single operation without increased
morbidity and is a viable option in the majority of patients with synchronous
CRLM. There is however debate as to whether simultaneous resection should be
undertaken in cases where major hepatectomy would be required to extirpate all
disease. Investigations to date are all retrospective and the patients undergoing
simultaneous procedures are highly selected with characteristically low volume,
unilobar, CRLM [120]. Given this heavy selection bias towards minimal disease
and minor resections the safety of simultaneous resection should not arbitrarily be
extrapolated to all liver resections, but rather reviewed on a case by case basis. This
approach is not appropriate for patients requiring emergency colorectal surgery for
complications related to the primary, or in those with underlying liver dysfunction,
poor functional status, or where concern regarding surgical margin exist. With the
exception of performing major hepatectomy in combination with major pelvic sur-
gery for low rectal cancer (i.e., abdominal perineal resection), in high volume cen-
ters, combined resection of synchronous CRLM is increasingly being employed and
outcomes appear to be acceptable. Currently, outcomes in highly selected patients,
undergoing simultaneous resection are similar to those observed with staged resec-
tions and in this setting appear safe and oncologically sound [111]. In general, we
favor the combined approach for the great majority of cases. Cases requiring an



Modern Locoregional Treatment of Colorectal Cancer Liver Metastases 85

extensive hepatectomy, especially when combined with complex pelvic resection,
require special consideration and appropriateness is determined on a case by case
basis after multidisciplinary review.

Multiple and/or Bilobar Colorectal Liver Metastases

The landscape of surgery for CRLM is rapidly changing and advancements in all
areas of patient care and disease management continue to allow liberalization of the
definition of surgically “resectable” CRLM. In the past, presence of four or more
metastases, and/or bilobar disease distribution, were contraindications to resection.
However, newer techniques and surgical adjuncts have resulted in a proportion of
patients with multiple and/or bilobar disease distribution to undergo successful
resection with 5 year disease-free survival (DFS) of up to 20 % and OS rates ranging
from 33 to 50 % [18, 121]. Two basic approaches for surgical management in this
group have been described, staged and parenchymal sparing. Staged resection typi-
cally consists of three phases; (1) clearing of the FLR of all disease, (2) PVE/PVL
to induce hypertrophy of the FLR, and (3) interval hemi or extended major hepatec-
tomy to remove all remaining disease. Depending on the center, chemotherapy may
be given before, between, and/or after resections. The major limitation of this strat-
egy is the need for multiple surgeries to achieve complete resection. It has been
shown that between 20 and 50 % of patients fail to complete the second stage of
resection and survival outcomes of this cohort are no different from those patients
receiving palliative chemotherapy alone [122, 123]. These findings raise concern as
to the regular use of this strategy as many patients are exposed to the potential harms
of surgical intervention with no obvious benefit. However, failure to complete the
second stage of two staged resection is reportedly lower (12-30 %) in modern series
from specialized centers [124—126] and without this attempt there is no chance of
complete resection. Conversely, parenchymal sparing surgery entails a single cura-
tive intent operation with treatment of all sites of disease using multiple segmental
or sub-segmental resections WR with or without ablative techniques. Some studies
suggest increase risk of liver recurrence with this approach as compared to more
extensive resections. This may be due, in part, to the increased use of ablative thera-
pies to achieve an RO resection, which has been associated with increased local
recurrence when compared to resection [121]. However, this increase recurrence
appears to be size dependent. A recent review of over 300 CRLM treated with abla-
tion suggest that tumor size <1 cm is associated with 92 % local control rate at
2 years and is highly effective treatment for these lesions [127] Furthermore, it is
of note that patients treated with parenchymal sparing techniques are inherently
different, and clinical outcomes are not directly comparable to those in whom
extensive resection achieves complete tumor removal. In general, if complete extir-
pation of disease can be achieved 5 year OS of 40-50 % have been observed
[18, 121]. Regardless of approach, morbidity associated with both of these strategies
is high but acceptable, and similar to other liver surgeries, morbidity remains low.
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Despite some limitations, in this cohort of patients with advanced CRLM, surgery
is feasible however controversy exists as to the routine implementation and multi-
disciplinary planning is essential to optimize patient outcomes.

Chemotherapy for Resectable Colorectal Liver Metastases

Adjuvant Systemic Chemotherapy

Depending on selection criteria, approximately 70 % of patients undergoing complete
resection of CRLM will experience recurrence. Half of these patients will have the
liver as the only site of disease recurrence [128]. As such there is a strong rationale
behind the desire to provide adjuvant systemic therapy in this setting with the goal
of improving long-term outcomes. To date, several retrospective studies have sug-
gested benefit of adjuvant systemic therapy. In a review of 792 patients by Parks
et al. [129] adjuvant chemotherapy was associated with significant improvement in
OS (p=0.007) and was an independent predictor of outcomes for all categories of
clinical risk. This finding was mirrored in a retrospective review by Figueras et al.
[130], where patients receiving adjuvant chemotherapy had an associated longer OS
(RR 0.3, p<0.001). Despite impressive retrospective findings, similar outcomes
have not been observed in randomized trials. To date, four trials of adjuvant systemic
therapy alone in patients with resectable CRLM have been completed [131-134],
all of which failed to show a significant benefit in terms of OS. In 2008, Mitry et al.
published a pooled analysis of 278 patients with resectable CRLM from two ran-
domized trials of 5FU based adjuvant systemic chemotherapy versus surgery alone
and found no differences in terms of PFS or OS between the groups [135]
Furthermore, recent randomized evidence published by Ychou et al., revealed no
difference in DFS between patients randomized to receive adjuvant FOLFIRI ver-
sus those receiving SFU/LV [134]. Direct evidence to support the use of adjuvant
systemic chemotherapy for resectable CRLM is lacking and its usefulness in this
setting is debated. Proponents of adjuvant therapy note several limitations to the
interpretation of the aforementioned trial findings including, variability in the actual
delivery of chemotherapy leading some trials to be underpowered, heterogeneity of
baseline disease characteristics, and use of chemotherapy considered inadequate by
current standards [128]. These limitations call to question the clinical applicability
of these trial results in the modern era and use of adjuvant systemic therapy in
patients with resectable CRLM is commonly employed.

Neoadjuvant Systemic Chemotherapy

Chemotherapy delivered prior to liver resection in patients with upfront resectable
CRLM is controversial. Proponents of this approach suggest that neoadjuvant
chemotherapy with modern drug combinations (5FU + Oxaliplatin/Irinotecan with
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or without targeted antibodies) has significant advantages, including; (1) facilitation
of hepatic resection by reducing tumor size, (2) eradication of micrometastatic
occult disease, (3) avoidance of unnecessary surgery for those who progress, (4)
identification of tumor chemosensitivity prior to resection [128]. However, oppo-
nents suggest that administration of toxic chemotherapy in the setting of CRLM that
are already resectable introduces the unnecessary risk of chemotherapy induced
liver injury and increased perioperative morbidity [136]. Additionally, neoadjuvant
therapy may result in “disappearance” of some tumors. This poses a significant
challenge for surgeons, because although these tumors are not evident clinically,
viable cancer cells are likely still present, and failure to resect these sites is associ-
ated with high rates of recurrence [137]. Furthermore, the argument that neoadju-
vant treatment allows assessment of tumor biology is likely overstated. In a recent
systematic review evaluating 23 different studies of neoadjuvant therapy in the set-
ting of resectable CRLM median rate of disease progression while on treatment was
15 % (range 0-37 %) [138] whilst randomized trials of modern chemotherapy regi-
mens found rates to be even lower (7-8 %) [88, 112] suggesting that the ability to
select out “bad biology” with preoperative chemotherapy is uncommon. Neoadjuvant
chemotherapy may also result in liver parenchymal injury that appears to portend
higher postoperative morbidity [136, 139] Moreover, although tumor progression
while on chemotherapy is associated with increased recurrence; there are conflict-
ing data on the impact on OS and many series show no differences in long term
outcome if completely resected [89, 140].

To date no randomized trial addressing neoadjuvant systemic chemotherapy
alone for resectable CRLM has been completed. Its use has primarily been extrapo-
lated from the initial findings of a single randomized trial of perioperative systemic
chemotherapy (chemotherapy before and after resection). In this trial [112],
Nordlinger et al. randomized 364 patients with resectable CRLM to surgery alone
versus surgery + perioperative chemotherapy (six cycles preoperative SFU-LV/
oxaliplatin FOLFOX and six cycles FOLFOX postoperatively) with a primary end
point of progression-free survival (PFS). Intent to treat analysis revealed a border-
line absolute improvement in PFS of 7.3 % at 3 years in the treatment arm. Given
these findings, use of chemotherapy perioperatively for resectable CRLM was con-
sidered standard practice. More recently, however, the long-term results of this trial
were published [139]. No difference in median OS was observed between study
arms at 8.5 years of follow-up (61.3 months (95 % CI 51.0-83.4) perioperative che-
motherapy group versus 54.3 months (41.9-79.4) in the surgery-only group,
p=0.34). The authors suggest that despite the lack of OS benefit, the improvement
in PFS with perioperative FOLFOX is evidence enough to warrant perioperative
treatment in patients with CRLM.

Current practice guidelines typically recommend 6 months of perioperative
systemic therapy in the setting of clinically resectable CRLM, however there is
no indication or recommendation as to when this should be given, reflecting the
lack of direct evidence for a single treatment regimen. It does appear that regard-
less of timing (neoadjuvant, adjuvant, or perioperative), arguments for and
against the use of systemic chemotherapy in patients with resectable CRLM
(Table 4) exist. At present, no study of chemotherapy in the setting of resectable
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Table 4 Comparison of potential advantages and disadvantages of systemic chemotherapy for
resectable colorectal liver metastases

Strategy Advantages Disadvantages
Neoadjuvant |— more reliable delivery of — chemotherapy induced liver injury
chemotherapy before liver resection
— eradication of micro-metastases — disappearing CRLM
— in vivo assessment of tumor — disease progression

responsiveness to chemotherapy
— assess tumor biology (avoidance of |— may delay surgical recovery
unnecessary surgery)

— facilitate/minimize hepatic

resection
Adjuvant — treatment of potential micro- — chemotherapy more difficult to
metastatic disease in the remnant tolerate postoperatively
liver
— avoids risk of preoperative — extensive surgery and/or
chemotherapy induced liver injury complications may delay initiation
— inability to assess in vivo tumor
responsiveness to chemotherapy
Perioperative |— as per above — as per above
(adjuvant+neoadjuvant) (adjuvant+neoadjuvant)

CRLM has shown a benefit in terms of OS. Despite this, the large majority of
patients with CRLM will receive chemotherapy at some time point in the course
of their disease.

Disappearing Colorectal Liver Metastases

Modern combination chemotherapy regimens for metastatic CRC are associated
with tumor response rates (RR) of over 50 %. Enthusiasm for the preoperative
administration of these agents in patients with CRLM is increasing. This has led to
the relatively new clinical problem of “disappearing” colorectal liver metastases
(DCRLM). DCRLM may broadly be defined as CRLM that undergo complete
radiologic response to chemotherapy such that they are no longer visible on cross-
sectional imaging (Fig. 3). Risk of developing DCRLM is dependent on tumor size
prior to treatment (<2 cm increase risk) and duration of preoperative chemotherapy
[142]. With current preoperative treatment approximately 5-25 % of patients will
develop DCRLM [137]. The wide variation in reported rates reflects the fact that
diagnosis is dependent on the type of cross sectional imaging utilized to evaluate the
liver. MRI has been shown to have greater ability to detect and differentiate lesions
<1 cm, and with fat suppression techniques is more sensitive than other imaging
modalities following the delivery of preoperative chemotherapy [33]. Not surpris-
ingly, DCRLM diagnosed with preoperative MRI are associated with a decreased
risk of finding residual tumor in the resected specimen or recurrence if the lesion is
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Fig. 3 CT images of colorectal cancer liver metastases at the time of diagnosis (a) and after
4 months of neoadjuvant chemotherapy with SFU/LV +Irinotecan (b) White arrowhead denotes
largest metastases with dramatic response on post therapy CT, black arrowhead denotes smaller
metastases and subsequent “disappearance” on post therapy CT. Reprinted with permission from
Auer et al. Cancer 2010;116:1502-9 [141]

not resected [141]. Other predictors of a true complete response include normalization
of CEA, and use of hepatic arterial infusion chemotherapy [141]. The clinical
conundrum these lesions present is related to the fact that at present, regardless of
imaging modality, complete radiologic response (CR) is poorly correlated with
complete pathologic response and in fact, 25-45 % of lesions described as having a
CR preoperatively are found to have residual macroscopic disease at the time of
operation. Furthermore, disease recurrence, in cases where sites of DCRLM are left
in situ, is significantly higher compared to cases where all site of DCRLM are
resected (p=0.04) [142]. Currently, no standard of care for the management of
DCRLM exists. Some suggest an interval period of surveillance to delineate the
durability of response at site of DCRLM, with treatment reserved for those sites
where lesions reveal themselves. More commonly, given the absence of a reliable
predictor of durable response at the site of DCRLM, poor correlation between clini-
cal and pathological response, and high rates of recurrence when left in situ, all sites
of visible disease on pre-chemotherapy imaging are resected [143]. At present, a
simple algorithm to manage DCRLM may include the following; CRLM that
achieve CR on follow-up CT scan should be further evaluated with MRI (higher
sensitivity), if lesions are not visualized on MRI the morbidity and extent of resec-
tion required to remove all sites must be considered. If resection is feasible with
minimal morbidity this should be carried out; however, in those patients in whom
resection of all sites would entail major complex resection a period of observation
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may be reasonable. Rapid advances in imaging technology and novel approaches
to assessing tumor response to preoperative chemotherapy are likely to alter our
management of DCRLM in the future.

Unresectable CRLM

General Approach

The majority of patients with CRLM will have disease that is not amenable to resec-
tion at the time of presentation (70-80 %) [144]. Despite significant advances in
medical therapy, long-term survival in patients treated with systemic therapy alone is
poor (<5 %). Alternatively, 10-year survival of patients undergoing complete surgi-
cal resection may be as high as 20 % [23]. Given that resection is associated with
significantly improved long-term outcomes the primary goal of treatment, in appro-
priately selected patients, is down staging of disease and conversion to resection.
In general this requires upfront use of the best available systemic therapy and fastidi-
ous surveillance of disease with surgical intervention as soon as feasible. The addi-
tion of specific liver directed therapies such as, hepatic arterial infusion chemotherapy
(HAI), ablation, embolization, and stereotactic body radiation therapy (SBRT) to the
treatment armamentarium may be useful in some patients with unresectable liver
dominant disease.

Chemotherapy is the standard first-line therapy in the management of patients
with unresectable CRLM. First-line therapy in the metastatic setting typically
includes infusional SFU/LV with oxaliplatin and/or irinotecan (FOLFOX, FOLFIRI,
FOLFIRINOX). Overall clinical response rates (RR) with modern therapy range
from 45 to 70 % [145]. Some patients that have an objective clinical response may
become candidates for curative intent surgery. In a pooled analysis of 196 patients
from three different prospective trials of FOLFOXIRI  (5FU/
LV +Oxaliplatin + Irinotecan) 37 (19 %) were able to undergo curative intent resec-
tion [23]. The median number of pre hepatectomy chemotherapy cycles was 11 and
duration of treatment was 5.5 months. Despite this aggressive chemotherapy regi-
men, morbidity rate was acceptable at 27 % and 90 day mortality O %. The authors
conclude that, in patients who are down-staged with chemotherapy, surgical resec-
tion is acceptable and safe. Multiple other series have been published regarding
rates of conversion to resection with systemic therapy and depending on the type/
duration of chemotherapy, the extent of disease, and the definition of resectability,
rates of conversion vary from 6 to 38 % [145].

Strategies for complete tumor extirpation in this group are complex and often
require staged resections or major hepatectomies, as well as the use of surgical
adjuncts such as ablation. Given the need for more extensive surgery and use of non-
resectional techniques concerns exists as to the impact of this on long-term out-
comes. However, in a study by Masi et al. [23] the 5- and 8-year survival rates of
those patients converted to resection were 42 % and 33 %, respectively, and median
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OS was 40 months. This was significantly greater than OS observed in the group
who had an objective response to chemotherapy but remained unresectable
(23 months, p<0.001), as well as those who did not have a response (14 months,
p<0.001). Furthermore, a recent review of over 10,000 patients undergoing resec-
tion of CRLM from the LiverMetSurvey registry, suggests that regardless of whether
CRLM were resectable at presentation or down-staged to resectable with conver-
sion therapy, survival is similar, so long as all disease is removed [143].

These results are encouraging; however, the majority of patients treated with stan-
dard first-line chemotherapy will not be candidates for resection and will inevitably
develop disease progression. Second-line systemic therapy is associated with notori-
ously poor RR. Patients failing first-line irinotecan therapy treated with oxaliplatin-
based regimens have RR ranging from 4 to 10 %. Similarly, failure of first-line
oxaliplatin treated with second-line irinotecan is associated with RR of 12-15 %
[146]. Addition of anti-VEGF (bevacizumab) therapy to modern chemotherapy regi-
mens is associated with only modest improvements in RR (12-15 % vs. 4-10 %)
over chemotherapy alone in the second-line setting [145]. On the other hand, in a
retrospective review of 151 patients with unresectable CRLM who progressed on
first-line therapy, subsequent treatment with anti-EGFR (cetuximab) and chemother-
apy was associated with conversion to resection in 18 % of patients [147]. Although
less likely to observe an objective response to therapy in the second-line setting there
does appear to be a small fraction of patients in whom response occurs and subse-
quent resection may be achieved. This is not the case for most and those who remain
unresectable following second-line chemotherapy should be offered novel treatment
on clinical trials.

Colorectal Liver Metastases with Extrahepatic Spread

The presence of EHD in the setting of CRLM is a poor prognosticator and in the past
was an absolute contraindication to resection [148]. However, innovation in the sur-
gical and medical treatment of metastatic CRC has resulted in an expansion of crite-
ria for resection with the goal of improving long-term outcomes. Although debate
exists as to the role of surgical resection for patient with CRLM and EHD, multiple
single institution series have been reported suggesting that in appropriately selected
patients, with minimal EHD in which complete resection/ablation can be achieved,
survival outcomes are better than those observed in patients treated with chemo-
therapy alone [149, 150]. It is of note however, that patients amenable to complete
resection of both liver and EHD are not directly comparable to their unresectable
counterparts. In a recent systematic review of 1142 patients with CRLM and con-
comitant EHD in whom resection was completed median DFS was 12 months, OS
30 months and 5 year OS 19 % [138].

Not only the presence of EHD but its location has been shown to impact out-
comes (Table 5). CRLM with lung metastases appear to have prolonged OS com-
pared to all other EHD sites (5 year OS 27 %). Furthermore, in terms of abdominal
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Table 5 Outcomes of resection for colorectal liver metastases with concomitant extrahepatic
disease stratified by site

Incidence Median overall 3-year survival | 5-year
EHD site (as % of all EHD) survival (months) (%) survival (%)
Lung 33 (3-51) 41 (32-46) 60 (40-80) 27 (0-33)
Lymph Node* 23 (15-68) 25 (19-48) 33 (20-56) 17 (0-27)
Peritoneal 15 (12-35) 25 (18-32) 28 (19-41) 8 (0-30)
>1 EHD Site 11 17 (13-25) 25 (10-28) 7 (0-28)

“Lymph nodes included: portocaval, celiac, retroperitoneal/aortocaval

EHD =extrahepatic disease

Data obtained from: Carpizo et al. Ann Surg Oncol. 2009;16(8):2138—46 and Pulitano et al. Ann
Surg Oncol. 2011;18(5):1380-8

lymph node involvement, not all nodes are created equal. Pulitano et al. [151] found
that survival outcomes were significantly worse in patients undergoing resection of
aortocaval lymph nodes as compared to hepatic pedicular nodes (5 year OS 7 % vs.
27 %, respectively, p<0.0001). Similarly, more than a single site of EHD has con-
sistently been associated with very poor long-term outcomes. Disease recurrence in
patients undergoing resection of CRLM and EHD sites is common and occurs in
almost all patients; however, salvage medical and/or surgical intervention is often
feasible. Overall, patients with CRLM and concomitant EHD have a worse progno-
sis than their counterparts with no EHD. However, surgical resection in patients
with limited EHD, amenable to complete resection/ablation, is associated with
improved long-term outcomes and may be considered in highly selected patients.

Recurrent Colorectal Liver Metastases

Over the past two decades, advances in surgical and medical treatment of CRLM
have undoubtedly improved survival outcomes; however, recurrence of disease
remains a considerable problem occurring in 70-85 % of patients [152]. Salvage
therapies in this setting include; repeat surgery, locoregional interventions, and che-
motherapy. A recent systematic review of the literature suggests that 10-15 % of
patients with recurrent CRLM are candidates for repeat hepatectomy [153], how-
ever, concerns regarding the safety and overall efficacy of repeat hepatectomy exist.
A second operative intervention requiring repeat exposure of a friable regenerated,
often chemotherapy treated, liver with distorted vasculobiliary anatomy at the porta
hepatis is obviously challenging. However, in high volume centers repeat interven-
tion has been associated with morbidity and mortality rates comparable to those
observed with initial hepatectomy. Additionally, the ability to achieve a negative
margin does not appear to be compromised, with RO resection being achieved in
77-96 % of cases [154]. Oncologic and technical criteria used to select patients for
initial hepatectomy should be employed in identifying appropriate candidates for
repeat operation. Short time interval between initial hepatectomy and recurrence
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and/or recurrence while on systemic therapy are poor prognosticators, and although
not absolute contraindications to repeat resection should be approached with cau-
tion. In terms of survival, repeat hepatectomy for recurrent CRLM is associated
with median OS of 35 months (19-56), 3 year OS 55 % (11-82), and 5 year OS
42 % (31-73) [155]. Nevertheless, recurrence following repeat hepatectomy is com-
mon (65-70 %). There is general agreement that systemic therapy should also be
employed in the setting of recurrent CRLM, regardless of resectability, and most
patients (>80 %) will receive chemotherapy [153]. At present no consensus exists as
to the timing of administration relative to surgical intervention (neoadjuvant, adju-
vant, perioperative). Recurrent CRLM are common and in those patients deemed
appropriate, repeat hepatectomy is safe and is associated with acceptable survival
outcomes.

Other Locoregional Therapies for Colorectal Liver Metastases

Ablation

Radiofrequency ablation (RFA) is the most well studied and most commonly used
form of ablation in the treatment of CRLM. It may be performed via open, laparo-
scopic, or percutaneous approaches; furthermore, it may be performed alone, or in
combination with open hepatic resection. Regardless of approach the premise is the
same; under image guidance probes are strategically inserted into the lesion and
alternating current radiofrequency energy is delivered to the tumor. This results in
the development of increasing temperatures in the tumor tissue, leading to protein
denaturation, tissue coagulation, and tissue desiccation which limits current flow
and stops further ablation [156]. Technical limitations to the application of RFA
include, potential injury to adjacent tissues, ineffectiveness in tumors >3 cm, and
ineffectiveness in tumors adjacent to large blood vessels which act as heat sinks and
limit thermal damage to surrounding cells [157]. Local recurrence following RFA
ranges from 10 to 50 % and is higher than after resection. In a recent meta-analysis
tumor size >3 cm and percutaneous approach were independently associated with
higher rates of recurrence [158]. This latter finding is likely related to better tumor
visualization and subsequent probe placement with IOUS and surgical mobilization
of the liver. Survival data pertaining to RFA is difficult to compare to resection
given the inherent heterogeneity of patients and tumor biology secondary to selec-
tion bias. At present, there is general consensus that, given the increased rates of
local recurrence, RFA should not be used as an alternative to definitive surgical
resection. It is, however, considered reasonable as a salvage treatment for recur-
rence following resection, as an adjunct to facilitated staged resections, and in
patients with liver only disease who are unable to tolerate resection [159].

More recently the use of microwave ablation (MWA) has been described for
treatment of CRLM. This form of ablation is administered in a similar fashion to
RFA. MWA, however, is dependent on high frequency electromagnetic radiation to
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create thermal tissue damage and subsequent coagulation necrosis. The advantages
and disadvantages of MWA relate to the fact that it employs a more powerful energy
source than RFA. This form of ablation is associated with less tissue charring,
reduced heat sink effect, and larger ablation zones created more rapidly. However,
the use of a greater energy source may lead to higher rates of injury to adjacent tis-
sues [157]. Complication rates reported in series of MWA for liver tumors range
from 6 to 30 % [127, 160] and local recurrence rates range from 3 to 50 %; likely
reflecting the heterogeneity of tumor types included in most series. Similarly, inter-
pretation of reported survival rates is inappropriate given the variety of different
tumor types treated. It does, however, appear that MWA is associated with similar
rates of complication as RFA, and recurrence rates are at least equivalent, as such
indication for MWA in CRLM is similar to those discussed for RFA.

External Beam Radiation

Historically, external beam radiation was not used to treat liver tumors as the risk of
radiation induced liver injury was prohibitive. More recently, improvement in the
planning and delivery of radiation allows for more focused delivery of large doses of
radiation with high precision and accuracy to targeted organs. This is referred to as
stereotactic body radiation (SBRT) [161]. More specifically, in the setting of CRLM,
SBRT may be used to deliver ablative radiation doses directly to metastases, in few
fractions, with precise radiation dose gradients, minimizing injury to surrounding
liver [159]. To date the use of SBRT in the treatment of CRLM has not been well
studied, however, an obvious advantage is its noninvasive nature compared to other
local therapies. A retrospective review of 65 patients with CRLM treated with SBRT,
suggested factors associated with improved local control included increase dose per
fraction and total radiation dose [162]. The majority of investigations with SBRT
have included multiple tumor types and focused primarily on the safety and feasibility
of delivering adequate doses of therapy to tumors while limiting toxicity to surround-
ing tissues. However, results from a recent well-designed dose escalation study of
SBRT for malignant liver tumors are encouraging, revealing a RR of 90 % and a
2-year local control rate of 100 % [163]. Use of SBRT for CRLM is in its infancy,
and at present may be offered in specialized centers after other standard treatment
options have been exhausted.

Hepatic Artery Infusion Chemotherapy

The rationale for delivery of therapy via the hepatic artery (HA) for treatment of
CRLM is based on two primary concepts; (1) in many patients the liver is the only
site of metastatic disease, and (2) the primary blood supply of CRLM >1 mm in size
is the HA whereas normal liver parenchyma is supplied predominantly by the portal
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vein [164]. Direct administration of chemotherapy to the liver via the HA allows the
delivery of higher concentration of cytotoxic drugs to cancer cells while at the same
time exposure to normal hepatocytes and systemic circulation is limited.

Hepatic artery infusion chemotherapy (HAI) is typically administered via an
arterial catheter inserted into the gastroduodenal artery (GDA) with the tip at the
HA/GDA junction. Infusion systems consist of either a surgically placed subcutane-
ous port or continuous infusion pump, placed via laparotomy. Floxuridine (FUDR) is
the most commonly used agent for HAI because it has over 90 % first pass extraction
in the liver which leads to a 400-fold increase in concentration as compared to sys-
temic circulation, it limits systemic exposure and toxicity allowing for concomitant
administration of systemic chemotherapy [165]. However, FUDR is not approved for
use in many countries; consequently, other agents with less favorable regional phar-
macokinetic profiles have been utilized including, 5-FU, mitomycin-c, and oxalipla-
tin. Although systemic toxicity is reduced with HAI chemotherapy overall complication
rates are concerning. Technical complications related to catheter, or pump, occur in up
to 20 % of patients. Surgeon inexperience, as well as catheter insertion into a vessel
other than the GDA, have been found to be independent risk factors for technical
complication [166]. These complications are typically salvageable (80 %) and therapy
can still be delivered. Hepatotoxicity in the form of liver enzyme elevation with ther-
apy is a common complication that is most often rectified with dose modification. It is
essential that patients treated with HAI be followed fastidiously for clinical and/or
laboratory signs of complication so that immediate modification can be made. Biliary
sclerosis is the most feared complication of HAI chemotherapy, and reported rates
range from 1 to 26 % depending on the study. However, in modern series from expe-
rienced centers where rigorous follow-up is employed the observed risk is less than
5 % [167]. Furthermore, addition of dexamethasone has been shown to reduce this
risk and is routinely combined with FUDR for this purpose [168].

Use of HAI chemotherapy in the setting of unresectable CRLM has been studied
extensively. Multiple trials have been published comparing the use of HAI chemo-
therapy alone to systemic therapies. The results of these trials consistently report
improved tumor RR in the HAI arm compared to the systemic therapy arms.
However, despite the improvements in RR, only the CALGB trial found an improve-
ment in OS with HAI chemotherapy. This trial design was optimal when compared
to others in that no cross over was allowed between groups and unlike many other
trials HAI FUDR was employed as oppose to HAI SFU. In this trial 135 patients
were randomized to HAI FUDR or systemic therapy with SFU/LV. Median OS was
significantly different between the two arms (median OS 24.4 months HAI FUDR
vs. 20 months SFU/LV, p=0.003) [169]. Pooled meta-analysis of these trials found
RR for HAI chemotherapy to be 43 % in comparison to 18 % in the systemic che-
motherapy arms; however, no overall survival benefit was obtained, mean weighted
median OS were 15.9 months for the HAI group compared to 12.4 months in the
systemic therapy group (p=0.24) [168]. The implications of these trial findings are
difficult to employ clinically as the systemic therapy arms of these trials consisted
of outdated chemotherapy regimens that would be considered inadequate by today’s
standards.
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More recently phase I and II trials of HAI chemotherapy in combination with
modern system chemotherapy have been completed in patients with advanced unre-
sectable CRLM who have failed first-line systemic therapies. Combination of HAI
FUDR with systemic irinotecan was associated with RR or 74 %, median time to
progression (TTP) of 8.1 months, and median OS of 17.2 months [168]. A second
trial of HAI FUDR in combination with oxaliplatin based systemic therapy was
similarly impressive with RR of 87 % in the HAI FUDR + FOLFOX group and
90 % in the HAI FUDR + oxaliplatin/irinotecan group, median OS was 22 months
and 36 months, respectively [170]. Considering RR observed with second-line sys-
temic therapy are at best 12—15 %, the results of these trials, although small and
non-randomized suggest that HAI FUDR in combination with modern systemic
chemotherapy regimens is safe and is associated with improved RR over systemic
therapy alone in the second-line setting. Perhaps of more clinical significance than
RR, the use of HAI chemotherapy in combination with irinotecan/oxaliplatin in 49
patients with technically unresectable CRLM was associated with conversion to
resection in 23 (47 %) and DFS following resection was 7.6 months [145]. These
findings were further confirmed by a prospective phase II trial of 49 previously
treated patients with unresectable CRLM treated with HAI with systemic therapy.
The primary end point of conversion to resection was achieved in 23 (47 %) of
patients at a median of 6 months of therapy and on multivariate analysis conversion
was the only factor associated with improved OS and PFS [171] Furthermore, a
retrospective review of 373 patients treated with HAI chemotherapy and modern
systemic therapy over two decades at MSKCC found that 25 % of patients were
converted to resectable disease which was associated with median OS of 59 months.
This was significantly higher than that observed in those patients in whom resection
was not feasible [172].

Multiple randomized trials have been conducted evaluating adjuvant HAI che-
motherapy following liver resection. In general, the findings have been consistent
with HAI +systemic therapy providing significant improvements in DFS without
concomitant improvements in OS [128]. To date, the only trial in which an improve-
ment in OS was observed was published in 1999 by Kemeny et al. [173] in which
156 patients with resected CRLM were randomized to receive six cycles of adju-
vant systemic SFU +/—LV with or without HAI FUDR. In this trial OS at 2 years
was 86 % in the HAI group and was significantly greater than the systemic therapy
alone group (72 % OS (p=0.03)). PFS was not different between groups (57 %
HAI vs. 42 % systemic (p=0.07)), respectively. These survival benefits, did not
persist at a median of 10.3 years FUP, however, the trial was not powered to assess
this. All of these adjuvant trials were completed in an era where best systemic
chemotherapy was SFU/LV and there is question as to the applicability in the cur-
rent clinical setting. More recent single arm Phase I/I1 trials of HAI combined with
modern systemic chemotherapy (oxaliplatin/irinotecan) have shown 5-year OS
rates of 59 % [168]. Furthermore, a trial of adjuvant HAI+modern systemic che-
motherapy with or without bevacizumab revealed 4 year OS of 85 % and RFS of
46 % [168]. Retrospective review of over 1000 patients undergoing hepatectomy for
CRLM at a single institution found use of HAI chemotherapy to be an independent
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predictor of improved OS (HR 0.64; 95 % CI, 0.51-0.81; p<0.001) [174].
Furthermore, House et al. reported on 250 patients who underwent hepatectomy and
received postoperative FOLFOX or FOLFIRI alone or FOLFOX or FOLFIRI+HAI
FUDR, 5 year OS was 72 % in the HAI arm vs. 52 % in the systemic arm (p <0.004)
[175]. Despite consistent findings of improved DFS, and suggestion of OS benefits
from retrospective series, use of HAI in the adjuvant setting is highly controversial
and its application is relegated to a few select centers.

Embolization

A second means by which the HA can be exploited for the treatment of CRLM is
in the form of embolization. The most common type of embolization therapy in
the setting of CRLM is chemoembolization [176]. Traditional chemoemboliza-
tion consists of infusion of chemotherapeutic agent directly into the segmental
artery supplying the CRLM followed by injection of an embolic agent to induce
stasis and prevent washout (TACE). For CRLM a variety of drugs have been used
for infusion, including cisplatin, SFU, mitomycin, and doxorubicin all of which
have historically been associated with minimal success. More recently, drug-elut-
ing beads have been introduced for use in chemoembolization (DEB TACE) [177].
These beads can be loaded with chemotherapeutic agents, such as irinotecan
(DEBIRI), and because they cause permanent embolization can provide prolonged
local drug delivery. Although the role of TACE is well defined in the setting of
hepatocellular carcinoma little data regarding its use in CRLM exists and its role
in this setting is poorly defined. Over the past 20 years multiple small single cen-
ter phase I trials have been completed with TACE for unresectable CRLM, typi-
cally as a salvage treatment in patients failing standard first or second-line therapy.
Median OS observed with standard TACE in this setting ranges from 7 to
14 months and is associated with acceptable complications and minimal toxicities
[176]. To date a single randomized trial of DEBIRI alone versus systemic FOLFIRI
as first-line treatment in patients with unresectable CRLM has been conducted
[178]. 74 patients were randomized to receive DEBIRI alone or systemic
FOLFIRI. The primary end point of the trial was survival. At a total follow-up of
50 months, median OS in the DEBIRI arm was significantly longer (22 months)
compared to the FOLFIRI group (15 months) (p=0.031). PFS was also longer in
the DEBIRI group compared to the FOLFIRI group (7 months vs. 4 months,
p=0.006). These findings suggest an advantage of local DEBIRI therapy over
systemic FOLFIRI in the setting of unresectable CRLM. However, these results
should be interpreted with caution as this was a highly select group with liver only
disease effecting <50 % of the liver in the setting of a very small trial subject to
significant risk of statistical error. At present chemoembolization therapy in CRLM
is typically reserved as a salvage treatment following failure of standard therapies.
Future trials of DEBIRI combined with systemic therapy in the unresectable setting
are warranted.
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Even with significant improvements in RR with new chemotherapeutics and
targeted agents for metastatic CRC, there are a proportion of patients who have
disease that is resistant to all current forms of chemotherapy. Treatment options in
this group are limited. Recently, the use of liver directed radioembolization with
yttrium-90 (Y-90) has been considered as a possible treatment for unresectable
chemo resistant CRLM. In a recent systematic review of 979 patients with CRLM
treated with Y-90 the median number of treatment lines prior to Y-90 was 4, high-
lighting the last resort nature of this intervention [179]. In terms of RR, objective
response was seen in up to 71.5 % of patients with 17.5 % having disease progres-
sion. On average 70 % of patients also received systemic therapy following Y-90.
The pooled median PFS was 4.9 months (3.4-9.3) and OS was 12 month (8.3-16).
Acute toxicity was common, but all were low grade with no need for intervention.
Amongst the studies included there are no randomized trials; furthermore, there is
significant heterogeneity of patients and techniques, such that definitive conclusions
are impossible. However, it does appear that radioembolization with Y-90 as a
salvage treatment in a sub select group of patients with chemo resistant disease is
safe and may provide some benefit in this notoriously difficult to treat population.

Minimally Invasive Surgery for Colorectal Liver Metastases

Traditionally, surgery for CRLM has been completed in an open fashion, where
access to the abdomen is achieved through an upper midline or hockey stick inci-
sion. Morbidity associated with this incision can be significant and lead to increased
length of hospitalization. Laparoscopic surgery offers the benefit of smaller inci-
sions, which may be beneficial in terms of reducing morbidity associated with liver
resection. Innovation in laparoscopic equipment over the last decade has facilitated
the performance of liver resection laparoscopically.

Prior to engaging in laparoscopic resections, it is essential for all liver surgeons
to first become facile and comfortable in performing open liver surgery. Furthermore,
a high level of laparoscopic skill is required [180]. The steps of resection do not
differ from the open approach; however, they can be more challenging given the
limited degree of motion related to laparoscopic instruments and port placement.
Despite the increased technical difficulty of laparoscopic hepatectomy (LH) mor-
bidity and mortality appear to be similar to open approaches. However, to date,
cases amenable to laparoscopic resection are typically limited to minimal resections
in which tumors are in accessible locations (i.e., left lateral segment). Major hepatic
resection or resection for bilobar disease laparoscopically remains uncommon. The
only consistently reported benefit to LH has been a decrease in hospital length of
stay [181]. Given the minimal benefit of LH it is imperative that LH results in equiv-
alent oncologic outcomes when compared to the accepted standard open procedure.
In a retrospective matched cohort study of LH versus open hepatectomy for the
treatment of CRLM OS at 1-, 3-, and 5-year was 97, 82, 64 % in the LH group and
97, 70, 56 %, in the open group and was not different between groups (p=0.32).
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Evaluation of DFS similarly revealed no differences between LH and open hepatectomy
(p=0.12) [182], suggesting that oncologic results of LH for CRLM are equivalent
to the open approach. As suggested above, one of the major limitations in LH is
technical in nature. With long straight instruments, and an inability to reproduce
wrist movements at the tips, some maneuvers are impossible. Robotic surgery may
combat this issue with the ability to recapitulate normal hand and wrist movements.
To date little has been published on the use of robotic surgery in the management of
CRLM. Currently, open hepatectomy is the gold standard for resection of CRLM;
however, LH is a reasonable alternative in high volume experienced centers.

Summary

Significant evolution in the management of CRLM has occurred over the last two
decades. Improvement in disease detection, refinement of surgical techniques, devel-
opment of more effective chemotherapy, and greater use of local adjuncts, have
resulted in more patients, with greater disease burden, surviving longer. Surgery
remains the only treatment option with the potential to cuare CRLM. In the past, this
was an option in only a minority of cases. Ongoing refinement and optimization of
newer therapies in the future will likely increase the number of patient with CRLM
in whom resection is possible and ultimately improve outcomes. At present many
controversies exist regarding optimal treatment of CRLM, and as the number of treat-
ment options/regimens continue to expand, so do will the controversy surrounding
implementation. Overall, management of CRLM is becoming increasingly complex
and the landscape is rapidly changing, as such ongoing evaluation of short and long
term outcomes is essential.
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Incidentalomas of the Pancreas

John C. McAuliffe and John D. Christein

Introduction: The Scope of the Problem

Pancreatic ductal adenocarcinoma (PDAC)is the fourth leading cause of cancer-
related mortality in the United States. Approximately 43,000 will be diagnosed with
PDAC within the United States this year and up to 230,000 people worldwide will
die of the cancer this year [1-3]. The estimated overall 1-year survival is only 22 %
with less than 5 % survival at 5 years. The only potentially curative modality is
surgical resection. Unfortunately, only 15-20 % of patients will have disease ame-
nable to extirpation at presentation [1]. Even with intended curative resection, sur-
vival is limited.

Clearly, with such a poor prognosis, early detection or ideally diagnosis of a
malignant precursor would be beneficial. And yet, no validated means of screening
for PDAC exist.

Over the last 20 years, utilization of cross-sectional imaging has increased dra-
matically. At the same time, improved technological capabilities and spatial resolu-
tion have increased the number of incidental findings [4]. As a result, a veritable
epidemic of newly discovered asymptomatic pancreatic lesions has occurred. The
term “pancreatic incidentaloma” or an asymptomatic pancreatic lesion was coined
in 2001 [4]. The frequency of pancreatic incidentalomas seen by CT and MRI is
1.2-20 % [5, 6]. An list of potential diagnoses can be found in Table 1.
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Table 1 Etiology of pancreatic lesions

Neoplastic

Ductal adenocarcinoma

Mucinous cystadenocarcinoma
Pancreatoblastoma

Neuroendocrine tumor

Solid pseudopapillary tumor

Serous cystadenoma

Mucinous cystadenoma

Intraductal papillary mucinous neoplasm

J.C. McAuliffe and J.D. Christein

Non-neoplastic
Lymphoepithelial cyst
Congential cyst

Mucinous non-neoplastic cyst
Enterogeneous cyst

Retention cyst

Duodenal cyst

Endometrial cyst

Pseudocyst

Sarcoma Parasitic cyst
Lymphoma Autoimmune pancreatitis
Metastatic lesion Splenule

Dermoid cyst Fat necrosis

Hamartoma

Acinar cell cystadenoma

von Hippel-Lindau cystic neoplasm
Cholangiocarcinoma
Gastrointestinal stromal tumor

The diagnosis of incidentaloma may be a great opportunity for eradication of a
malignancy or precursor even at high volume centers, mortality and morbidity fol-
lowing pancreatic surgery is 3 and 50 %, respectively [3]. In addition, surgical inter-
vention and management of these patients carries a financial burden [7].

In the context of an incidentaloma, the benefit of early detention with subsequent
aggressive surgical resection versus the morbidity and mortality is a delicate bal-
ance for both patient and the health care institution. The following review will dis-
cuss the risk of malignancy, etiology of, and the current recommendations for
management of pancreatic incidentalomas, particularly cystic lesions. Excluded
from this review are lesions of the pancreas that are symptomatic including sequelae
of acute, autoimmune, or chronic pancreatitis (i.e. pancreatic pseudocyst) and
advanced carcinoma (primary or metastatic).

The Threat: Risk of Malignancy

The concern of any lesion in the pancreas is malignancy. Reports indicate that up to
60 % of lesions of the pancreas harbor malignant or pre-malignant diagnoses [8].
Early detection and resection leads to favorable survival for those with malignancy
[9]. In one report, 5-year survival was 64 % for incidental lesions as compared to
47 % for non-incidental lesions with a median survival of 145 versus 46 months.
Disease-specific survival for adenocarcinoma was improved by 3 months for inci-
dental lesions compared to non-incidental lesions [10].
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Multiple high volume pancreatic groups have presented their experience with
pancreatic incidentalomas. Vollmer et al. presented a S-year experience showing
17 % of incidentalomas were invasive cancer [11]. Lahat et al. showed that 34 % of
patients with pancreatic incidentalomas harbored malignancy [10]. Importantly, this
rate was half of those with symptomatic lesions. But, 23 % of the incidental group
had the diagnosis of intraductal papillary mucinous neoplasm (IPMN), a pre-
malignant lesion.

In these reports, invasive lesions were adenocarcinoma of the pancreas. However,
neuroendocrine tumors, cholangiocarcinoma, and metastatic lesions can also be
seen in a minority of cases [10, 12]. The operations required to extirpate these
lesions include pancreaticoduodenectomy (approx. 30 % of the time), central (8 %)
and distal pancreatectomy (30 %), total pancreatectomy (4 %), and enucleation
(2-22 %) [12]. Features of the each common incidentaloma are summarized in
Table 2. Important to note, lesions of the pancreas that are symptomatic have an
indication for surgery in surgically fit patients. Extensive laboratory and invasive
workup is not necessary for these patients. However, in those without symptoms
better definition of the disease is required to tailor intervention or surveillance.

Cystic Incidentalomas

Most of pancreatic incidental lesions (52 %) are cystic rather than solid [11]. Cystic
lesions can be classified into congenital (serous and multicystic syndromes), inflam-
matory (pseudocysts), and neoplastic (serous cystadenoma/SCN and mucinous cys-
tic neoplasms/MCN, and intraductal papillary mucinous neoplasms (IPMN,
main-duct and branched-duct)). Typically inflammatory and main-duct IPMN
lesions are symptomatic. The cystic neoplasms represent 90 % of incidental cystic
lesions of the pancreas [13]. Patients present with CT of the chest, abdomen, or
pelvis that lacks the resolution to adequately define the pancreatic lesion and its
resectability. Following a comprehensive history and physical, repeat CT or MRI
with a pancreatic protocol is optimal to better define the lesion and predict its natu-
ral history.

SCNs have a well-demarcated wall with multiple septated cysts within its mass
described as a honey-comb lesion. Most SCNs are found in the pancreatic head.
Symptoms relate to mass effect: gastric outlet obstruction, early satiety, and jaun-
dice. Each cyst is <2 cm filled with clear fluid void of mucin (carcinoembryonic
antigen/CEA). SCNs are typically single and located in the pancreatic parenchyma
but can become quite large (up to 25 cm). Importantly, these lesions are considered
benign but as they enlarge can cause symptoms. Once symptomatic, surgically fit
patients should undergo an appropriate resection. If these lesions have mural nodu-
larity, however, the diagnosis of SCN should be questioned. Further workup or early
resection is warranted as nodularity is a worrisome finding for malignancy. Only 25
cases of a malignancy have been reported [14]. The long-term survival for these
lesions appears to be very favorable following resection.
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MCNs are the most common cystic lesion of the pancreas [15]. They do have
malignant potential. Ten to 50 % of MCNs harbor malignancy. These lesions, as
their name implies, produce mucin from their mucin-producing epithelial wall.
MCNs do not communicate with the pancreatic duct. Histologically, the cyst wall is
mucin-rich with ovarian-like stoma with estrogen and progesterone receptors in
most cases. Most lesions are found in the body and tail but can, though less com-
monly, be in the pancreatic head and uncinate. Usually these present as a single cyst
with fine septations with a rim of calcification and considered macrocytic in contrast
to SCNs, which are microcytic. Following appropriate abdominal imaging, endo-
scopic ultrasound (EUS) is recommended for biopsy and cyst fluid analysis. A cyst
fluid level of CEA>192 ng/mL (which implies a mucinous lesion) with a low amy-
lase has an 80 % diagnostic accuracy for MCN. In contrast, a pseudocyst has a high
amylase and low CEA level [16]. Once the diagnosis is made, resection is recom-
mended for all surgically fit patients [17]. Prognosis is dependent on pathology:
benign, borderline, or malignant. In the setting of malignancy, 5-year survival
following resection is 57 % [18]. Survival is better than those with pancreatic
adenocarcinoma.

Much like MCNs, IPMN can present anywhere in the spectrum of tumor pro-
gression from a benign adenoma, to borderline or dysplastic, carcinoma in situ
(PanIN), and invasive carcinoma. IPMNs are described based on the pancreatic duct
morphology in relation to the cyst. Branch-duct IPMN do not involve the main duct
of Wirsung. Lesions affecting the main duct are labeled main-duct IPMN. Side-
branch IPMNs that extend to the main duct are called mixed-type IPMN. These
lesions are characterized by dilation of the pancreatic duct. All these subtypes are
pre-malignant and invasive cancer is found in 20-50 % of resected pancreatic speci-
mens [19]. Features that are worrisome for malignant degeneration are cysts >3 cm,
main duct diameter of 1 cm, mural nodules, size, main-duct disease, cyst wall thick-
ening, and elevated CA 19-9. Likewise, symptoms such as jaundice are associated
with an increased likelihood of a malignancy.

International, contemporary management of mucinous neoplasms of the pan-
creas is summarized by Tanaka et al. in 2012 [17]. These guidelines are a revision
of the 2006 consensus statement, or Sendai Criteria, and highlight advances in
endoscopy, CT, MRI, as well as elucidation of the natural history of these diseases
at high volume centers. We strongly recommend the reader to this consensus state-
ment. The working group clearly defines high-risk stigmata of malignancy and
“worrisome” features aiding in the management and follow up for these lesions. The
algorithmic approach given by this group is displayed in Fig. 1.

Another type of incidentaloma are lymphoepithelial cysts. They are rare com-
pared to other etiologies of incidentalomas of the pancreas. They are cysts com-
posed of a mature keratinizing squamous epithelial surrounded by lymphoid tissue.
They are born from ectopic pancreatic tissue arising in a lymph node that undergoes
metaplasia. In contrast to other cystic lesions of the pancreas, most are found in
men. They can have a high CA 19-9 and mucin level confusing their diagnosis with
IPMN. They are well demarcated with low attenuation by CT and are hypoechoic
with internal debris by sonography. The use of MRI differentiates the internal
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Are any of the following high-risk stigmata of malignancy present?

i) obstructive jaundice in a patient with cystic lesion of the head of the pancreas, ii) enhancing solid component within cyst,
i) main pancreatic duct > 10 mm in size

Yes

l. Are any of the following worrisome features present?
Consider Clinical: Pancreatitis &
_surgery, Imaging: i) cyst > 3 cm, ii) thickened/enhancing cyst walls, iiij main duct size 5-9 mm, iii) non-enhancing
if clinically mural nudule iv) abrupt change in caliber of pancreatic duct with distal pancreatic atrophy

appropriate l
I If yes, perform endoscopic untrasound I | No I

Are any of these features present?
- - Py
Yes i) Definite mural nodule (s)b "I No HWhat is the size of largest CySt'l

i) Main duct features suspicious for involvement®
iii) Cytology: suspicious or positive for malignancy neonclusive

e N =

CT/MRI CT/MRI EUS in 3-6 months, then Close surveillance alternating
d yearly x 2 years, ||lengthen interval alternating MRI|| MRI with EUS every 3-6 months.
in 2-3 years then lengthen with EUS as appropriate. Strongly consider surgery in young,
interval d Consider surgery in young, fit patients
if no change fit patients with need for
prolonged surveillance

a. Pancreatitis may be an indication for surgery for relief of symptoms.

b. Differential diagnosis includes mucin. Mucin can move with change in patient position, may be dislodged on
cyst lavage and does not have Doppler flow. Features of true tumor nodule include lack of mobility, presence of
Doppler flow and FNA of nodule showing tumor tissue

c. Presence of any one of thickened walls, intraductal mucin or mural nodules is suggestive of main duct
involvement. In their absence main duct involvement is incolclusive.

d. Studies from Japan suggest that on follow-up of subjects with suspected BD-IPMN there is increased incidence
of pancreatic ductal adenocarcinoma unrelated to malignant transformation of the BD-IPMN(s) being followed.
However, it is unclear if imaging surveillance can detect early ductal adenocarcinoma, and, if so, at what interval
surveillance imaging should be performed.

Fig. 1 Algorithim for evaluating and managing cystic neoplams of the pancreas as defined by the
International consensus guidelines 2012 [17]

keratin debris of the cyst with high T1 and low T2 signals. Characteristic MRI find-
ings, no ductal dilatation, and biopsy help differentiate this benign lesion from more
ominous entities. Resection is not warranted unless severe symptoms occur.

Solid Lesions

As stated previously, a minority of incidentalomas of the pancreas are solid. To the
exhaustive clinician, the majority of solid lesions manifest albeit at times subtle.
The discovery of a solid lesion should provoke anxiety. As reported, only 13 % of
solid lesions are benign. Up to 38 % were overtly malignant with another 49 % hav-
ing malignant potential [11]. Solid incidentalomas have a myriad of diagnoses but
adenocarcinoma and pancreatic neuroendocrine tumors principally. Other diagnosis
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can be solid pseudopapillary tumors, metastatic implants or lymphomas. Rarely do
solid lesions present as incidental findings. We will discuss neuroendocrine tumor
(PNET) and solid pseudopapillary tumors (SPPS).

Pancreatic Neuroendocrine Tumor

PNET represent only 1-2 % of neoplasms of the pancreas and have unique clinical
characteristics. While histologically similar to other neuroendocrine tumors
throughout the gut, PNETs differ in their biology. PNETs are classified as func-
tional and non-functional. Functional tumors secrete products of the islet cells
(either insulin, glucagon, somatostatin, VIP, or gastrin) and manifest in fascinating
ways [20]. Most PNETs are sporadic neoplasms. However, rarely PNETs arise in
the constellation of hereditary syndromes; namely, multiple endocrine neoplasia
type 1, neurofibromatosis type 1, von Hippel-Lindau, and tuberous sclerosis [21].
Outside of the hereditary syndrome, non-functional typically present with a vague
or non-specific symptoms. They can also be incidentalomas.

Up to 50 % of patients with PNET present with locally advanced or metastatic
disease. While not secreting a functional gastrointestinal hormone, non-functioning
PNET: typically secrete chromogranin A, a neuron-specific enolase, and pancreatic
polypeptide. Serum chromogranin A is a good biomarker for PNETSs, a surrogate for
disease burden, and response to therapy [22]. Serum levels should be measured
prior to and after interventions for PNETs.

If adequate imaging is not available at diagnosis, a pancreas protocol CT or MRI
will evaluate all lesions greater than 1 cm, metastatic implants, and orientation to
pertinent anatomy for a planned resection. These lesions are hypervascular provid-
ing easy visualization during arterial phase contrasted studies. An alternative to
radiographic imaging is endoscopic ultrasound which may also provide biopsy
capability [23]. To improve the staging workup, somatostatic receptor scintigraphy
should be considered prior to intervention on PNETs [24, 25].

The main stay of therapy for PNETs is surgical resection for locoregional disease.
Extipation provides the only means of cure and symptom relief if functional. Save for
insulinomas, PNETs are malignant and resection should include formal pancreatec-
tomy and en-bloc lymphadenectomy [26]. Currently, enucleation is not a recommended
modality but is being explored for tumor <2 cm [27]. Following resection, metastasis is
common in usually an indolent course with 48 % of patients having liver metastasis at
3 years following resection [28]. Thus oncologic surveillance annually is required. For
unresectable, recurrent, or metastatic disease combination cytotoxic chemotherapy has
shown efficacy for PNET with response rates as high as 70 % using capecitabine and
temozolomide [29]. Multiple other regiments utilizing streptozotocin, 5-flourouracil,
and doxorubicin can be used as well. In addition, targeted therapies such as mTOR and
receptor tyrosine kinase inhibitors have shown promise alone or in combination with
cytotoxic therapies [30-32]. As one would expect, survival and response to therapy
depends on the tumor stage and the tumor biology in each individual patient.
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Solid Pseudopapillary Tumor

Solid pseudopapillary tumors (SPTs)) are solid lesions of the pancreas that undergo
cystic degeneration due to hemorrhage or necrosis. These account for a mere 3 % of
all pancreatic resections. Diagnosis in the female predominates and typically in the
mid-20s. A minority of patients present without symptoms will most present with
pain or mass effect [33].

Cross-sectional imaging reveals a well-circumscribed lesion with calcified
deposits in the wall with irregular hypodensities signifying necrosis and hemor-
rhage. The key to differentiating this tumor from pseudocysts is the combination of
solid and cystic components with degenerative components (pseudopapillae) [34].
Importantly, these tumors do not cause pancreatic ductal dilation.

SPTs do have malignant potential and should be resected if able. They are indo-
lent and cured with partial pancreatectomy. Up to 15 % however are metastatic at
presentation. Resection is not precluded by metastasis however, and durable sur-
vival is possible [35].

Conclusion

With the increased resolution and use of abdominal imaging for a variety of com-
plaints, lesions of the pancreas are more prevalent. The discovery of a small, asymp-
tomatic pancreatic lesion requires a rational workup to determine malignant
potential and surgical resection. The natural history of incidentalomas is being bet-
ter defined at high volume centers of excellence in pancreatic diseases. We have
reviewed the workup and indications for treatment for each of the common inciden-
talomas of the pancreas.
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Current Controversies in the Surgical
Management of Pancreatic Cancer

Ammar Asrar Javed, Kanza Aziz, and Christopher Lee Wolfgang

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the deadliest of all solid malig-
nancies and ranks as the fourth leading cause of cancer-related deaths in the United
States [1]. It is estimated that in 2014, 46,420 people were diagnosed with pancre-
atic cancer and 39,590 people died from it [1]. The 5-year survival rate remains
approximately 5 % despite advancements in surgery and oncologic therapies.
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Early diagnosis is difficult due to the absence of specific symptoms and early sys-
temic spread. Therefore, a majority of patients are diagnosed late in the course of
the disease when the cancer has already spread to other organs [2]. Unfortunately,
80 % of patients at the time of diagnosis are not surgical candidates [3]. Surgical
resection remains the only potential form of curative management.

The natural history of PDAC is characterized by early systemic spread and major
vessel involvement, resistance to chemotherapy, and rapid progression which make
the treatment challenging. The complexity of treatment of PDAC has led to several
controversies over the optimal approach to managing certain aspects of this disease.
This chapter aims to review the overall management of pancreatic adenocarcinoma
with a focus on a few controversial issues regarding diagnosis and treatment as it
relates to surgical practice. In particular four main controversies have specific
importance to surgeons, including (1) the use of diagnostic laparoscopy, (2) surgery-
first versus neoadjuvant approach, (3) definition of borderline resectable disease,
and (4) ablative therapies for locally advanced unresectable pancreatic cancer.

Summary of Pancreatic Cancer

Patients with pancreatic cancer present with vague and nonspecific symptoms, thus
most often leading to a late diagnosis. Two-thirds of these lesions occur in the head
of the pancreas [4] and commonly present with symptoms related to the obstruction
of the biliary tree [5]: jaundice, dark urine, acholic stools, and pruritus. Tumors of
the tail, on the other hand, present later on and are more commonly associated with
abdominal pain with or without back pain and nonspecific findings like unexplained
weight loss, anorexia, early satiety, dyspepsia, nausea, and depression [6]. Pancreatic
cancer can also present with new-onset diabetes mellitus or signs and symptoms of
chronic pancreatitis. Sudden onset of a difficult to control, atypical type 2 diabetes
mellitus in a thin patient, 50 years or older may suggest presence of a pancreatic
neoplasm [7, 8]. Interestingly, depression is also a common finding and in some
instances, a diagnosis of depression precedes the diagnosis of cancer [6].

Multiple risk factors contribute to the development of pancreatic adenocarci-
noma including both environmental and inherited ones [9, 10]. Environmental
agents include cigarette smoking [11-13], heavy alcohol consumption, increased
body mass index (BMI) [14], long-standing type 2 diabetes [15, 16], and chronic
pancreatitis. The best documented of these risk factors is cigarette smoking.
Approximately one-quarter of all pancreatic cancers can be attributed to exposure to
tobacco [7, 13]. Studies have reported a 2.2-fold increase in risk of pancreatic can-
cer in smokers as compared to non-smokers, and more importantly that it decreases
to 1.64- and 1.12-fold in patients who quit smoking 1-10 and 15-20 years ago,
respectively [12]. In addition to these modifiable risk factors, hereditary factors may
play a role in a small proportion of pancreatic cancers. A 1.9- to 13-fold increased
risk has been reported in patients with a positive family history of pancreatic cancer
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[17-20]. Familial pancreatic cancer is defined as having at least a pair of first-degree
relatives with pancreatic cancer in the family. Family registries such as the National
Familial Pancreas Tumor Registry (NFPTR) at Johns Hopkins have revealed a 6.8-
fold increased risk of developing pancreatic cancer in first-degree relatives of famil-
ial cancer patients, as opposed to the general population of United States [21].

The treatment of pancreatic cancer is difficult and requires a multidisciplinary
approach. Decision for treatment is usually made after a thorough discussion that
involves the oncological surgeons, pathologists, radiologists, medical oncologists,
radiation oncologists, and pain management specialists. The multidisciplinary
approach leads to an improvement in categorization of the disease prior to initiation
of treatment and also at times leads to a change in diagnosis and/or management
decisions [22].

Accurate staging of PDAC is essential, as management decisions directly depend
on the stage of the disease. The most commonly used staging system is the one
proposed by the American Joint Committee on Cancer (AJCC) which includes the
TNM classification [23-25]. This staging system divides the disease into stage [ and
stage II which are resectable and a subgroup of stage II which is borderline resect-
able. Stage III is locally advanced disease which is unresectable and stage IV which
takes into account presence of metastatic disease [26] (Table 1). The treatment of
pancreatic cancer is dependent on the stage and resectability of the disease and dif-
ferent institutions have proposed staging systems which determine whether the dis-
ease is resectable, borderline resectable, unresectable, or metastatic [27].

Surgical resection followed by adjuvant therapy is the main stay of treatment for
patients with Stage I/II disease. The use of neoadjuvant therapy for these patients is
controversial. Patients with Stage II borderline resectable disease should receive
neoadjuvant therapy preoperatively [28]. Patients with stage III locally advanced

Table 1 AJCC TNM staging of pancreatic adenocarcinoma

Stage Description Tumor extent Surgical category

1A Tumor is <2 cm and limited to the Localized Resectable
pancreas

1B Tumor is >2 cm and limited to the
pancreas

ITA Tumor extends directly beyond the Locally Resectable or borderline
pancreas advanced resectable

No arterial involvement. LN—
1B Tumor may or may not extend
beyond the pancreas

No arterial involvement. LN+

I Tumor involves major local arteries Locally Unresectable
(SMA, celiac). LN— or LN+ advanced
1AY Primary tumor may be any size. Metastatic Unresectable

Metastatic disease is present
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disease should be treated with chemotherapy and/or chemoradiotherapy. A great
number of these patients tend to develop metastatic disease later on; however, a few
select cases can still be considered suitable for surgical resection. Systemic therapy is
administered to patients with Stage IV disease with a good performance status while
those with poor overall health are given supportive and palliative therapy [2, 27].

Controversies

The Role of Diagnostic Laparoscopy

Radiological diagnosis of pancreatic cancer has improved greatly due to advance-
ment in imaging technology leading to increased sensitivity of available modalities.
The first step in the diagnosis of suspected pancreatic adenocarcinoma is a pancreas
protocol CT and a chest CT [27]. The pancreas protocol CT is a detailed examina-
tion of the pancreas. It includes both a non-contrast scan and contrast enhancement
of arterial, pancreatic parenchymal, and portovenous phases. The difference between
the tumor and the pancreatic parenchyma is most prominent during the late arterial
phase during contrast enhancement. Post processing three-dimensional reconstruc-
tions of images assist in determining the relationship of the tumor to its surrounding
vasculature, thus helping to determine tumor resectability. MRI scans are helpful in
finding small metastatic deposits especially in the liver and peritoneum. It can also
be used in patients who cannot tolerate contrast for CT. CT scans and MRIs have
comparable sensitivities [27]. Endoscopic ultrasound can be used to visualize the
tumor and also to obtain tissue for diagnosis. PET scanning has a role in select cases
[29] and retrospective studies have shown that it has increased sensitivity to identi-
fying metastatic disease compared to CT scan alone [30]. It can also be used to
determine the extent of soft tissue invasion before planning radiotherapy [31].
Evidence of extrapancreatic spread, involvement of celiac axis and the SMA, and
the patency of the SMV-PV confluence are all factors that can be identified on imag-
ing and help determine tumor resectability [32].

Although CT remains the main tool for staging, the major variability in false
negatives, is small peritoneal disease. One older study reported that 20-30 % of
patients who appear to have resectable disease on CT were found to have undetected
local spread or hepatic and peritoneal implants [33]. For this reason, some centers
advocate the routine use of diagnostic laparoscopy. Laparoscopy has the potential to
better establish tumor resectability by allowing direct visualization of the tumor and
detecting hepatic and peritoneal metastases, particularly when coupled with laparo-
scopic ultrasound. Doppler techniques can also be used to assess vascular involve-
ment [34, 35]. Moreover, in-depth laparoscopic staging in which celiac, periportal,
and peripancreatic lymph nodes are examined has been reported [36]. Thus, lapa-
roscopy potentially prevents the morbidity associated with a non-therapeutic lapa-
rotomy in patients with unresectable tumors. These patients can then receive
chemotherapy without delay [37]. In patients who are found to have resectable
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disease using frozen section evaluation of specimens during laparoscopy, the
surgeon can proceed with a laparotomy during the same operation [34, 38].

However, diagnostic laparoscopy is time consuming and costly. In addition, data
demonstrating benefit to diagnostic laparoscopy are dated. In the contemporary
period with high-quality cross-sectional imaging, the finding of unexpected meta-
static disease is low. More recent reports demonstrate radiographic failure to detect
metastatic disease in only approximately 15 % of all cases [39, 40]. Fisher et al.
have recommended the use of laparoscopy in cases where there is a large primary
tumor, substantial weight loss, a tumor located in the body or tail of the pancreas,
hypoalbuminemia or considerable elevated CA 19-9 levels [41]. The use of diagnos-
tic laparoscopy, at large well-established centers for pancreatic surgery, given the
availability of powerful diagnostic modalities and the expertise of the treating phy-
sicians, is probably best applied in select cases [37].

Surgery-First Versus Neoadjuvant Approach

Approximately 15-20 % of patients with PDAC have resectable disease at the time
of diagnosis. The goal of a potentially curative operation in this cohort is to achieve
a margin free of cancer (RO) leaving the patient in a condition that allows systemic
treatment for micrometastatic disease [42—44]. There is still no definite consensus
on whether patients who initially have resectable tumors should undergo a neoadju-
vant approach or a surgery-first approach. Advocates of the surgery-first approach
believe that the single most important treatment for a chance of cure is resection of
the tumor and this should be accomplished prior to systemic therapy. On the other
hand, potential advantages of the neoadjuvant approach include earlier control of
micrometastatic disease with systemic therapy and an opportunity for better select-
ing patients for pancreatectomy by excluding those with more aggressive disease
that progresses on therapy. Based on current studies, it is still unclear whether a
neoadjuvant approach improves survival as a better treatment modality or whether
tumors with favorable tumor biology are simply selected. Designing a randomized
clinical trial to make this differentiation is challenging.

Several well-done trials have evaluated the outcomes of the neoadjuvant approach
(Table 2). In summary, when taking into account intention to treat, it appears that
that both initial surgery and neoadjuvant therapy have comparable survival rates and
that the major advantage of neoadjuvant approach is with patient selection. In this
regard, several studies reported that patients who receive neoadjuvant therapy have
a better median survival than what has traditionally been reported for the surgery-
first approach, but 10.71-36.58 % do not make it to surgery [28, 45-48]. The rea-
sons for not making it to surgery included rapid progression in 20 % (n=17) of the
patients of which 9.4 % (n=_8) were deemed unresectable at the time of restaging
while 10.6 % (n=9) were found to have metastatic disease [28].

A retrospective study identified 199 patients out of a total of 1562 patients who
received neoadjuvant therapy. The percentage of patients who underwent preoperative
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Table 2 Neoadjuvant therapy for resectable pancreatic cancer

Median Median

survival survival mo. | Median survival
Study Treatment Patients | (months) (resected) mo.(unresected)
Desai [69] Gem/Ox+XRT> | 12(44)* |12.5 (44 pts.) ' NR NR

Gem/Ox

Varadhachary | Gem+ Cis> 79 17.4 31 (52 pts.) 10.5 (27 pts.)
[45] Gem+XRT
Evans [28] Gem+XRT 86 23 34 (64 pts.) 7.1 (22 pts.)
Heinrich [70] | Gem+Cis 28 26.5 19.1 (25 pts.) | NR (3 pts.)
Le Scodan [46] | 5SFU/Cis+ XRT 41 94 9.5(26 pts.) |5.6 (15 pts.)
Golcher [47] Gem +Cis 33 17.4 25 (19 pts.) NR

Gem gemcitabine, Cis cisplatin, Ox oxaliplatin, RT radiation, pts patients
“Twelve out of a total of 44 patients were enrolled as resectable

biliary stenting (57.9 vs. 44.7 %, p=0.0005), vascular resection (41.5 vs. 17.3 %,
p<0.0001), and open resections (94.0 vs. 91.4 %, p=0.008) was higher in the neo-
adjuvant group. However, there was no significant difference between the 30 days
mortality (2.0 vs. 1.5 %, p=0.56) and postoperative morbidity (56.3 vs. 52.8 %,
p=0.35) between the two groups [49].

Another recent retrospective study evaluated patients with resectable disease
who received neoadjuvant therapy and provided a classification by dividing them
into three groups: those who had clinically resectable cancer with no extrapancre-
atic disease, those for whom there was a suspicion of extra pancreatic disease, and
those who had poor performance status or significant co-morbidities. Resection
rates in the three groups were 75, 46, and 37 % respectively (p<0.001). Old age,
poor performance status, pain, and treatment complications (p<0.05) were factors
which were identified for selection against surgery. The overall median survival was
21 months for all patients. Moreover, survival rates in resected and unresected
patients who had suspicion of extra pancreatic disease and those who had poor per-
formance status or co-morbidities were similar to those resected and unresected
patients who did not have these adverse factors, respectively (p>0.22) [50].

The standard paradigm in PDAC treatment has involved bias toward a surgery-
first approach in resectable tumors, driven by the relatively low efficacy of standard
systemic therapies such as gemcitabine. With the advent of more potent chemo-
therapy regimens, such as FOLFIRINOX and gemcitabine/abraxane, the bias is
shifting toward the increased use of neoadjuvant therapy. PDAC is a highly systemic
disease and thus aggressive systemic therapy must be the goal in all patients [51].

In contrast to patients with resectable disease and no major vessel involvement,
neoadjuvant chemotherapy with chemoradiation is given to all patients with border-
line resectable disease as there is a general consensus that such patients will benefit
from this therapy. There is a greater probability of positive margin resection if these
patients are not given neoadjuvant therapy [52]. Patients who receive neoadjuvant
therapy have an 80-90 % rate of margin-negative resection with comparable or
sometimes even better survival outcomes than patients who have tumors that are
initially classified as resectable [52].
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Definition of Borderline Resectable Disease

The treatment of pancreatic cancer is dependent on the stage and resectability of the
disease, therefore different institutions have proposed staging systems that deter-
mine whether the disease is resectable, borderline resectable, unresectable, or meta-
static [27]. These institutions include the M.D. Anderson Cancer Center (MDACC)
and the National Comprehensive Cancer Network (NCCN). Moreover a recent con-
sensus guideline which modified the M.D. Anderson staging criteria was recom-
mended by a joint committee of American Hepato-Pancreato-Biliary Association
(AHPBA), Society of Surgical Oncology (SSO), and the Society for the Surgery of
the Alimentary Tract (SSAT) [53].

Based on these guidelines, resectability is determined by the presence or absence
of metastatic disease and involvement of major blood vessels. Both portovenous
and arterial vessels are evaluated separately. A tumor involving the portovenous
vessels is considered resectable as long as the vessels can be reconstructed after
resection. On the other hand, assessing the involvement of arterial vasculature,
most importantly the superior mesenteric, hepatic and celiac arteries, is crucial as
the degree of involvement determines resectability of the tumor. The degree of
involvement is assessed on axial planes of high-quality cross-sectional imaging
[54-57]. Encasement (>180° involvement) by the tumor of any arterial vessel is
considered unresectable. Abutment (<180° involvement) of the celiac arteries or
the superior mesenteric artery is considered to be borderline resectable but is asso-
ciated with margin-positive resections, high rates of recurrence, and a lower
survival [27].

Although these guidelines have proven to be useful in the classifying resectabil-
ity in the majority of patients, several controversies exist on what should be consid-
ered borderline resectable versus locally advanced. With regards to venous
involvement, the term “technically reconstructable” varies depending on the experi-
ence of the surgeon and variations of anatomy in each patient. For example, involve-
ment of the inferior superior mesenteric vein at the level of the confluence of ileal
and jejunal branches is often considered to be locally advanced. However, examples
exist in which one or more of these branches can be sacrificed or reconstructed
based on the size of remaining branches and location to the tumor. Another example
is encasement of the hepatic artery and celiac axis which is strictly considered to be
locally advanced. However, in some cases of local involvement of these vessels
resection is possible. This may include focal involvement of the hepatic artery that
is amenable to reconstruction or in some cases a patient with an accessory right or
left hepatic artery may make resection of the hepatic artery possible. In addition,
focal encasement of the celiac artery and proximal common hepatic artery with
preservation of the gastroduodenal artery may be resected through an Appleby’s
procedure [26]. Therefore, the definition of what is borderline resectable versus
locally advanced unresectable may not be the same at all institutions. Ultimately, we
believe that it is up to the surgeon’s judgment to determine whether successful
resection of the tumor is feasible
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Ablative Therapy for Locally Advanced Disease

Management of locally advanced disease is difficult and is best managed through a
multidisciplinary approach. The literature available to us is limited and as new data
become available to us our approach to this stage of the disease will improve.
A great deal of emphasis is given to the role of systemic chemotherapy in these
patients given that there is a high probability of presence of microscopic systemic
disease at the time of diagnosis and/or the risk of development of metastases during
the course of radiation. It has been reported that in rare cases that the use of cur-
rently available regimens may result in a significant downstaging of the disease.

Moertel et al., in the largest randomized study in this field, demonstrated that
concurrent use of radiation with 5-fluorouracil (5-FU) significantly prolonged the
median overall survival of these patients, which now is the standard of care for this
subset of our patient population [58]. Subsequent research studies support the use of
systemic chemotherapy followed by chemoradiation. The team at Johns Hopkins in
a retrospective analysis of data from these patients demonstrated better survival
outcomes in patients who had a longer course of induction chemotherapy prior to
the chemoradiation [59]. Unfortunately, a large-scale study comparing the multiple
chemotherapeutic agents available is not available.

A new emerging frontier in the therapy of pancreatic cancer is irreversible elec-
troporation (IRE) [60]. The use of IRE in pancreatic surgery is controversial given
that it is a new technique, with only few centers having trained professionals who
can use this modality. The current focus lies on the use of IRE to treat locally
advanced pancreatic cancer. Careful selection of patients is vital. Experts usually
treat only stage III disease using this method. It is a method that employees the use
of short pulses of high voltage low energy electric current, to create nanoscale
micropores in the lipid bilayer of cell membranes. This leads to an increased perme-
ability to ions and macromolecules and subsequently, leads to cell swelling and
subsequent apoptosis. Amplitude of the pulse, its duration, frequency, and number
of pulses applied all determine the extent of cell damage and death [61, 62].

Since IRE causes cell death via apoptosis, structures formed by proteins such as
vascular elastin and collagenous structures are not affected and, hence, surrounding
vessels are preserved making it safe to use for tumors near vital structures. Literature
available on IRE is limited to case series and case reports and a large-scale study is
required to evaluate the safety and efficacy of IRE. The research available shows an
improvement in survival and pain control in patients with unresectable LAPC.

Other ablative techniques include radiofrequency ablation, cryoablation, and
microwave ablation. Radiofrequency ablation (RFA) uses alternating current to treat
solid tumors by increasing local temperatures and causing coagulative necrosis.
Though the use of RFA results in decreased tumor volume and improved pain symp-
toms, it is associated with high complication rates due to the damage of local tissue
given the high temperatures [63, 64]. Cryoablation on the other hand uses the other
extreme of temperature to damage tumor tissue. The tumor is frozen to temperatures
as low as —160 °C, allowed to thaw and then frozen again [65]. Apart from damage
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to surrounding tissue, cryoablation can also lead to bleeding, bile leak and delayed
gastric emptying, thus care must be taken when using this modality [66, 67].
A newer technique is microwave ablation, which has better outcomes as compared
to the earlier two. Less heat-sink effect takes place thus the surrounding tissue is at
a lesser risk of damage. Also, longer survival and a transient improvement in quality
of life have been observed in patient who underwent microwave ablation [68].

Literature available to us related to the use of these modalities is limited and
further research is necessary before any of these ablative methods become part of
our common practices.

Conclusion

Pancreatic adenocarcinoma is one of the most fatal forms of malignancies. Given
the low survival rates of these patients despite our current knowledge and the
improvements that have been made in surgical techniques, chemotherapy and radia-
tion therapy, there is still a lot more that needs to be known. Early detection of both
premalignant lesions, such as cysts of the pancreas, and the malignant ones can lead
to an improvement in the overall outcome and is ideal. PDAC management has to
be multidisciplinary, involving surgery, pathology, medical oncology, and radiation
oncology teams. The treatment that a patient receives is best individually tailored
including disease response to the available treatment modalities. Exciting new and
controversial therapies such as IRE are emerging to treat these patients.

Disclosure No relevant conflicts of interest to be disclosed.
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Current Controversies in Cancer
Care: Breast Cancer

Megan K. Baker

Introduction

Breast cancer remains the most commonly diagnosed solid tumor malignancy
amongst women in the United States with an estimated 232,000 cases to be diagnosed
in the US in 2014. It is the second leading cause of cancer death in all American
women accounting for more than 40,000 deaths in 2013. The incidence in breast can-
cer had continued to increase until 2003 when it leveled off. This stabilization of the
curve has been commonly attributed to the nationwide decline in postmenopausal
hormone therapy use seen following the publication of the Women’s Health Initiative
results in 2002. At the same time, breast cancer mortality has enjoyed a steady decline
since 1989, likely due to increased screening efforts and new treatment paradigms [1].

Breast cancer screening, diagnosis, and management have undergone tremendous
change in the past 20 years. In many cases the trend has been to scale back efforts
with a few important exceptions where intensity of care has increased. No aspect of
the breast cancer field has been spared by the swing in the care pendulum. Breast
cancer screening continues to rely conventionally on mammography, although con-
troversy exists regarding its frequency, age at initiation and cessation of screening,
as well as its contribution to over-diagnosis. The actual diagnosis of breast cancer is
best made with preoperative core biopsy. However, as our understanding of the biol-
ogy of the disease becomes more sophisticated, what constitutes “diagnosis” is
likely to be expanded to include subtype analysis and possible gene sequencing.
Consequent to a more in-depth understanding of disease, the number of efficacious
evidence-based treatment paradigms has grown largely allowing for a more person-
alized approach to breast cancer therapy.
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Imaging
Screening

Breast cancer screening classically involved both a clinical breast examination
(CBE) and two-view bilateral mammograms to be performed every year or every
other year starting at age 40. In 2009, the United States Preventative Services Task
Force (USPSTF) released new and controversial guidelines that decreased the fre-
quency of and narrowed the age window for screening mammography. Further, the
USPSTF went so far as to recommend against the self-breast examination and clini-
cal breast examinations at any age and screening mammography prior to age 50.
These recommendations were revised within weeks to move clinical breast examina-
tion into the insufficient data to comment recommendation and softened the recom-
mendation for mammography before age 50 to “discuss with your provider” [2, 3].

A more recent review by Bleyer and Welch using Surveillance, Epidemiology
and End Results (SEER) database describe the 30-year impact of screening mam-
mography on breast cancer incidence. They note a 30 % increase in the diagnosis of
early stage (ductal carcinoma in situ or localized) breast cancer and an 8 % decrease
in later stage (regional or distant) disease. This raises concerns for over-diagnosis.
Critics of this study note that the inclusion of in situ disease incorrectly biased the
sample and skewed the incidence rate. Even more recently, the Canadian National
Breast Cancer Screening Study published its 25-year update showing no difference
in survival between the observation (clinical breast examination alone) and the
imaged group. Notably, this study has been fraught with controversy from its incep-
tion. It has been criticized for the absence of standardized mammography technique,
its use of outdated equipment, and lack of study center credentialing. Interestingly
however and in contrast to the claims made by the USPSTF 2009 guidelines, this
study demonstrates that clinical breast examination is in fact effective at diagnosing
breast cancer or at least as effective as substandard mammography [4].

High-Risk Surveillance

Significantly more concordance surrounds screening recommendations for those
women noted to be at elevated risk for developing breast cancer. This group of patients
is typically defined by either an estimated lifetime risk of breast cancer in excess of
20 % as calculated by risk models such as Tyer-Cusik or by identification as a carrier
of a deleterious gene associated with increased breast cancer risk (i.e. BRCAI,
BRCA2, pTEN, p53). For these women, the National Comprehensive Cancer
Network guidelines recommend in addition to annual breast examination, starting
annual MRI as early as age 20 (p53 mutations) and age 25 (BRCA mutations) and
adding annual mammography at age 30 for both [5, 6]. Recommendations are slightly
less clear for those women who have a personal history of lobular carcinoma in situ,
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atypical lobular hyperplasia, or atypical ductal hyperplasia as the only indication. It is
recommended to use that information when calculating their lifetime risk with the
various available validated risk models to determine screening MRI candidacy [6].
In addition to its screening application, great hope was held out that breast MRI when
used preoperatively would impact surgical outcomes. Both retrospective studies as sum-
marized in Houssami et al. review as well as a randomized controlled trial (COMICE)
failed to demonstrate that the routine use of preoperative breast MRI could impact rates
of breast conservation, need for margin re-excision or decrease local or disease-free
survival [7, 8, 40]. As such, the routine use of preoperative MRI is discouraged.

New Technologies

New technologies and new applications of existing technologies are being proposed
and in some cases legislated. The addition of an emerging technology, breast tomo-
synthesis to a standard digital screening mammogram, was found to increase breast
cancer detection rates with decreased call back rates [9]. Concerns for radiation
exposure although quite valid have largely been put to rest, as the radiation dose
received with a tomosynthesis is equal to or less than standard 2D digital mammog-
raphy [10]. While the technology for breast cancer screening has been evolving so
too has our understanding of the observed density of the breast gland. Breast den-
sity, as defined for each individual using their mammogram, relationship to breast
cancer risk is becoming better delineated. To that end, grass roots efforts have
resulted in legislative mandates in more than one-third of the states in the US to
report a woman’s density as part of her mammogram results. Further, some of those
states have mandated the availability of screening breast ultrasound as an adjunct
for those women identified with dense breasts. Critics of this approach cite that the
increased detection rate observed with the addition of breast ultrasound is accompa-
nied by a significant increase in the false-positive rate [11].

Diagnosis

Breast cancer diagnosis remains critical for optimal operative care planning. The
importance of a pretreatment core biopsy to best ascertain the nature and timing of
multimodality treatment cannot be overstated. Routine preoperative image-guided
core biopsy, ideally with clip placement, remains the gold standard for diagnosis
[8]. Current national benchmark standards at both academic and community centers
recommend fewer than 18 % of breast cancers to be diagnosed with excisional
biopsy. The most common indications for excisional biopsy as a means of diagnosis
included: symptomatic abnormalities, technical challenges that prohibit preopera-
tive biopsy, and patient choice [12].



136 M.K. Baker

The concept of diagnosis has also expanded to include the molecular subtyping
of breast cancer: luminal A, luminal B, or basal type. In fact, recent work has dem-
onstrated that this sophisticated level of diagnosis may be instructive for the pur-
poseful selection of neoadjuvant chemotherapy regimens so as to improve rates of
complete pathologic response [13].

Surgery
Margin Adequacy

Historically no universally accepted standard for an adequate surgical margin in
breast cancer care existed. The importance of this however cannot be overstated as
local failure has been associated with decreased overall survival [14]. Improved
local control in both the breast conserving setting and for patients undergoing mas-
tectomy is associated with improved survival. As surgeons we directly impact rates
of local control via margin status.

In the seminal trials that established the efficacy of breast conserving technique,
only NSABP B-06 trial required a clear margin, using a standard of “no tumor on ink.”
The remaining trails required the gross removal of macroscopic tumor [14-18]. Most
recently in careful review of fundamental trials as well as more contemporary data, the
Society of Surgical Oncology and the American Society for Radiation Oncology
issued a consensus recommendation for margin adequacy for those patients undergo-
ing breast conserving surgery and whole-breast irradiation in the treatment of Stage I
and II invasive breast cancer: no tumor on ink [19]. Such guidelines do not currently
exist for mastectomy margins. A recent review noted detailed the contradictory data in
this clinical setting. One meta-analysis which looked at women with non-inflamma-
tory invasive breast cancer who had a close or positive margin experienced an increased
relative risk of local failure of 2.6. Another meta-analysis however failed to show any
increased risk for women who underwent skin sparing mastectomy with close or posi-
tive margins [20]. As such the management of a close or positive margin in the setting
of mastectomy treatment remains a clinical interdisciplinary decision.

Nipple Sparing Mastectomy

The surgical techniques for mastectomy have experienced significant evolution over
the past several decades: Halsted’s radical mastectomy, modified radical mastec-
tomy, total mastectomy, skin sparing mastectomy, and now nipple sparing mastec-
tomy. With respect to the latter, concern existed for risk of nipple failure and as such
the technique gained earlier traction in the prophylactic setting. Early work by
authors such as Crowe and Stolier provided conservative inclusion criteria based on
small personal series [21, 22]. More recent and larger single institution series have
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further established the technique’s efficacy in the both the prophylactic and cancer
setting. They have also detailed technical considerations for nipple preservation. In
general, occult nipple involvement is present less than 3 % of cases but is more
likely for those women with central tumors, N1, or N2 disease whereas the risk of
nipple involvement in prophylactic cases is minimal. Further, a higher rate of nipple
loss was associated with incisions that interrupt blood supply to the nipple areolar
complex and should be avoided [23-25].

Axillary Management

No one aspect of breast cancer care has evolved more than axillary nodal surgery.
Management of the axilla has dramatically changed in the past decade. The efficacy of
sentinel node management was established with the results of NSABP B-32 which
compared sentinel lymph node biopsy to axillary node dissection in patients with
clinically negative nodes. Shortly thereafter, the American College of Surgeons
Oncology Group (ACOSOG) sponsored the Z0011 trial which compared axillary
observation to completion node dissection for women with clinical T1-T2, clinical
node-negative disease undergoing breast conserving surgery, and whole breast radia-
tion. Recent results demonstrate no difference in local, regional, or distant failure at
6.3 years between the two groups. The study group’s recommendation for women that
meet inclusion criteria and are found to have a 1-2 positive sentinel lymph nodes is for
no further axillary surgery, but continue with adjuvant standard of care [26] (Table 1).

Published results from the AMAROS trial are eagerly awaited. Results were pre-
sented at the 2013 ASCO meeting and demonstrated that for women with tumors
less than 3 cm and a positive sentinel lymph node that there was no difference
in local recurrence or overall survival between the surgical arm (completion node
dissection) and the radiation arm (regional nodal field). Notably, lymphedema rates
were twice as high in the surgical arm [27]. The group therefore recommend against
completion node dissection for this select group of patients.

The use of sentinel lymph node biopsy in the setting of neoadjuvant chemotherapy
for the node-positive patient has also been studied. Researchers have attempted to
clarify if sentinel lymph node biopsy is an appropriate surrogate to determine

Table 1 Patient selection criteria for avoidance of axillary lymph node dissection
Avoidance of Axillary Lymph Node Dissection Patient Selection Guidelines
(ACOSOG Z0011)

Tumor size <5 cm (T1 or T2)

Fewer than 3 positive SLN

No evidence of extracapsular tumor extension in SLN
Planned whole breast radiation therapy

Planned standard of care adjuvant therapy
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down-staging of the axilla following chemotherapy. The ACOSOG Z1071 (Alliance
trial) reported a 12 % false-negative rate which exceeded their predetermined thresh-
old of 10 %. Notably, for those patients whose sentinel lymph node was identified
with dual tracer technique, a higher yield of nodes were identified and the false-nega-
tive rate was not exceeded. Nonetheless, as the primary aim null hypothesis was not
negated, the study group does not recommend use of sentinel lymph node biopsy
following the neoadjuvant treatment of patients with node-positive breast cancer [28].

Adjuvant Therapy

Breast cancer care has become more personalized and treatment more targeted. A
more sophisticated understanding of the biology of the tumor is integral to making
well-matched treatment selections. Disagreement exists however on the appropri-
ateness of the tools that are currently available to aid in this effort. As a matter of
gold standard, the OncotypeDx assay was quickly received and integrated into stan-
dard care. The RT-PCR test which assists in the risk—benefit analysis of adjuvant
chemotherapy for women with ER+, node-negative tumors was validated on a pro-
spectively collected data set. As such its application in treatment decision making,
to add cytotoxic chemotherapy or not, has not met much disagreement. Its broader
utility for patients who are node positive is currently being studied in the coopera-
tive SWOG 0007 trial. Other contemporary assays, such as the Mammaprint micro-
array assay, have received FDA approval and are enjoying some practice uptake.
The MINDACT trial (Micorarray in Node negative and 1-3 positive lymph node
disease may avoid chemotherapy) results are eagerly awaited. This prospective, ran-
domized Phase III trial exceeded its target enrollment with 6700 patients. Those
patients were assessed concordantly by both microarray and traditional clinic-
pathologic measures and placed into high risk or low risk categories. Those at high
risk were treated with cytotoxic chemotherapy while those at low risk were given
hormonal therapy. Those patients for whom discordance existed between the micro-
array analysis and traditional pathologic predictors were randomized to receive
either chemotherapy or hormonal therapy based on clinic-pathologic risk assess-
ment or Mammaprint. The results of this trial have significant potential to change
how we determine adjuvant therapy for a large number of our patients.

Radiation

Radiation therapy has long enjoyed a pivotal role in the management of breast
cancer. For well over 20 years now, whole breast radiation has been accepted as a
critical and effective tool to reduce local recurrence following breast conserving
therapy [14—-18]. Similarly, the use of post-mastectomy radiation therapy (PMRT)
in the setting of substantial node-positive disease burden (>3 nodes positive) has
also been well established [29].
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Partial Breast Irradiation

Recognition that the elsewhere in breast failure rate at 5 years equals that of the rate
of occurrence in the unaffected breast spurred researches to consider treating what
may be considered the area of the breast that can be impacted by radiation therapy.
To this end, early researchers proposed and conducted small trials assessing the
safety of partial breast irradiation. No significant difference thus far has been found
to exist between the methods of accelerated partial breast irradiation: brachytherapy
catheter, indwelling balloon, or 3-D conformal technique. Single institution studies
have shown that in well selected patients (T <3 cm, node-negative, absent lympho-
vascular invasion, and age >50 years) that local failure rates are comparable to whole
breast radiation treatment paradigms [30, 31]. In 2009, the American Society for
Radiation Oncology (ASTRO) released a consensus guideline focused on the appro-
priate patient selection for accelerated partial breast radiation [32]. Other groups
have subsequently challenged the lack of concordance between this proposed clas-
sification and actual patient outcome data stratified using the consensus criteria [33,
34]. NSABP B-39 was designed so that in a prospective randomized manner, a direct
comparison may be made between accelerated partial breast and whole breast tech-
niques for patients not only in low-risk categories, but also for women with stage 0,
1, and 2 breast cancer. Enrollment is complete and follow up data are pending.

Post-Mastectomy Radiation

The use of post-mastectomy radiation therapy has long been established as a means
to improve both local control and improve survival for those patients with four or
more positive lymph nodes. More recent meta-analyses have revisited its applica-
tion for those patients with pN1a disease (3 or fewer positive lymph nodes). In sum-
mary, a benefit for both local recurrence and survival was attributable to the addition
of chest wall and nodal radiation fields irrespective of use of systemic therapy [29].
Critics however note that given the data sets used in these studies, that the systemic
therapy at that time is well known to not provide as optimal disease-free and overall
survival as compared to more modern regimens. With this in mind, they caution the
application of the historic meta-analysis to modern clinical practice [35].

Omission of Radiation Therapy

As our understanding of the risk and benefits to radiation therapy expands, the
importance of thoughtful patient selection becomes more paramount. No better
example of this exists then for those patients for whom radiation therapy might be
avoided. Hughes et al. identified a group of women at low risk for local failure (age
>70, T1, ER+ on tamoxifen) for whom there was little clinical benefit to adjuvant
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radiation therapy [36]. Despite this report in 2004, per review of Medicare data little
progress has been made in the appropriate omission of radiation therapy in this well
selected patient group [37]. In response to this information, the original cooperative
group published updated trial data that demonstrated that the results of CALGB
9343 were durable and remained efficacious even at 12 years of follow up [38].

Other groups have studied the omission of radiation therapy in the setting of
favorable cases of DCIS (low and intermediate grade, <2.5 cm mammographic
extent) and have concluded that with margins >10 mm, the annual risk of recurrence
is 1.9 %, or a 10-year local recurrence rate of 15 % [39]. These authors suggest that
this option be candidly discussed as part of the treatment algorithm.

Conclusions

Nearly every aspect of breast cancer diagnosis and treatment has dramatically
changed over the past two decades. This has led to improved survival and decreased
patient morbidity. In fact much of this progress is attributable to randomized, pro-
spective trials which provide us with Level 1 evidence. Ironically, this very success
creates a very high standard for research and thus presents a significant challenge
going forward given the current context of personalized care. As we better delineate
the details of any one patient’s breast cancer characteristics, their eligibility for any
one trial will likely be narrowed. Future progress will be found in smaller, targeted
trials with the focus on neoadjuvant period so as to make clinical observations and
to draw conclusions in a time period appropriate for contemporary practice.
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Current Controversies in Thyroid Cancer

Chee-Chee H. Stucky and Nancy D. Perrier

Introduction

Thyroid cancer is the most common endocrine malignancy and the eighth most common
cancer diagnosed each year [1]. According to the Surveillance, Epidemiology, and End
Results (SEER) data maintained by the National Cancer Institute, more than 60,000 new
cases of thyroid cancer were diagnosed in 2013, comprising 3.6 % of all cancer diagno-
ses. The incidence of differentiated thyroid cancer (papillary, follicular, and poorly dif-
ferentiated histologies) has increased significantly over the past several decades: from
4.9 cases per 100,000 individuals in 1975 to 14.3 cases per 100,000 individuals in 2009.
A particularly steep rate of increase—35.1 cases per 100,000 individual—was noted
between 2006 and 2013 [2]. The increasing incidence of thyroid cancer is seen not only
in the United States but also throughout most of the world [3].

While the incidence has substantially increased, the mortality rate has remained
low, with an estimated 1850 individuals dying of thyroid cancer in 2013 [1]. This low
death rate is in part due to the indolent behavior of differentiated thyroid cancers
(DTCs). Patients diagnosed with DTC have favorable survival rates nearing 98—100 %
over 5 years. The incidence of medullary thyroid cancer (MTC) is lower, and while the
histologic subtype carries a less favorable prognosis, survival is still around 80 % over
5 years [1]. Although the overall survival rate for patients with DTC is high, the increas-
ing incidence calls for advances in the management of the disease. Less encouraging is
the rate of DTC recurrence, which nears 25 % over the lifetime of the patient [4]. This
chapter will discuss the cutting-edge therapies and current controversies surrounding
the management of differentiated thyroid cancer.
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Preoperative Work-Up

Risk factors associated with thyroid carcinoma include a family history of the disease,
radiation exposure, and a personal history of inherited syndromes associated with
thyroid cancer such as hereditary nonmedullary thyroid cancer (HNMTC), multiple
endocrine neoplasia type 2 (MEN 2), Cowden syndrome, familial adenomatous pol-
yposis (FAP), Werner Syndrome, or Carney Complex [5]. Therefore, the increased
incidence of thyroid cancer may not be due entirely to changes in the tumor biology,
but also to awareness of risk factors leading to early detection in people with access
to healthcare. Changes in environmental exposure and genetic factors may play a role
in the increased incidence as well [2, 3].

Frequently, asymptomatic thyroid nodules are detected on routine physical
examination or as incidental findings when an individual undergoes imaging for an
unrelated indication. Other patients may present with an enlarging mass, dysphagia,
dyspnea or hoarseness, but these latter symptoms are seen less frequently and may
be related to a multinodular goiter or a rapidly enlarging thyroid tumor.

Once a thyroid nodule is detected, further work-up includes ultrasound (US) of the
thyroid as well as a comprehensive neck US evaluating the central and lateral neck
lymph nodes. Fine-needle aspiration (FNA) is indicated for cytologic evaluation of
suspicious nodules based on size, imaging characteristics, and associated patient risk
factors [3, 6]. Most current guidelines recommend FNA biopsy of all nodules measur-
ing 10 mm or more. Nodules less than 10 mm in greatest dimension may still warrant
cytologic evaluation if radiographic imaging demonstrates features concerning for
malignancy. Ultrasonographic features suspicious for malignancy include hypoecho-
genicity, complex or solid nodules, vascularity, irregular borders and calcifications.
Although positron emission tomography (PET) scanning is not recommended for thy-
roid nodule assessment, concentrated uptake of contrast in the thyroid gland may be
detected when the scan is obtained for other reasons. Incidental increase in fluoro-deox-
yglucose (FDG) avidity, and an increase in nodule size (more than 50 % volume) during
surveillance may also be indications for FNA biopsy of nodules [6]. Patients with radio-
graphically worrisome sub-centimeter nodules and specific risk factors (listed above)
also should be considered for biopsy. Similarly, if there is a known RET mutation and
rising levels of calcitonin are detected, biopsy is considered [6]. Radioactive iodine and
PET scans have little utility in the contemporary work-up of thyroid nodules.

Cytologic Evaluation and Indeterminate Thyroid Nodules

As ameans of standardizing the cytologic interpretation of thyroid biopsies, the Bethesda
Thyroid Cytology Classification was developed. Pathologic results are now classified
into one of the following six categories: Nondiagnostic or Unsatisfactory, Benign,
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Atypia of Undetermined Significance (AUS) or Follicular Lesion of Undetermined
Significance (FLUS), Follicular Neoplasm or Suspicious for Follicular Neoplasm,
Suspicious for Malignancy, or Malignant [7]. The majority of biopsied thyroid nodules
are benign, but patients with biopsy-proven malignant nodules (or nodules suspicious
for malignancy) will need surgical resection as discussed below.

Nodules classified as AUS/FLUS fall into the indeterminate category because
the extent of architectural or cytologic atypia excludes a benign diagnosis, but the
degree of atypia is insufficient for a definitive malignant classification [7]. These
lesions should be followed with repeat FNA and surgically resected only if the clini-
cal features of the nodule change, or if biopsies repeatedly result in AUS/FLUS
classification. With definitive diagnosis by surgical resection, the rate of malignancy
in AUS/FLUS nodules is reported to range between 5 and 15 % [8]. At The
University of Texas M.D. Anderson Cancer Center, we classify indeterminate fol-
licular thyroid FNA biopsy findings with the terms Follicular Lesions and Follicular
Neoplasms. In this classification system, the term Follicular Lesion is similar to
AUS/FLUS in that the differential diagnosis ranges from hyperplasia to follicular
neoplasia, favoring follicular adenoma but not ruling out follicular carcinoma. Our
data show that patients with nodules classified as Follicular Lesions on FNA biopsy
will have a 7 % risk of thyroid carcinoma detected upon surgical resection [9].

Both the Bethesda Classification system and the system used at The University
of Texas M.D. Anderson Cancer Center use the term Follicular Neoplasm when
lesions demonstrate cytomorphologic features distinctive of benign follicular nod-
ules but indeterminate for a definitive diagnosis of malignancy. At the Center, the
use of this term implies a higher suspicion of malignancy than Follicular Lesion
does. We reported a 21 % rate of malignancy on final pathology after diagnostic
lobectomy of Follicular Neoplasms, which is within the range of 15-30 % reported
in the literature [7, 9]. Therefore, the vast majority of these thyroid lobes will be
removed for benign disease. Although only 10-30 % of biopsied nodules will have
an indeterminate classification on cytopathology, this still presents a clinical
dilemma, as practitioners must balance the risks of further surgical intervention for
a definitive diagnosis of what may ultimately be a benign nodule.

Preoperative Molecular Testing of Thyroid Nodules

Diagnostic surgery is currently indicated for nearly 25 % of cytologically indetermi-
nate thyroid nodules as described above. The ideal goals of preoperative evaluation are
to avoid unnecessary thyroid resection and to perform the correct procedure in one
initial operation. Preoperative molecular testing of thyroid nodules is one way to help
achieve those goals. Currently, there are two commonly used methodologies for
molecular testing: gene expression classifier (GEC) and somatic mutation testing
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(MT). Both are based on advancements in our understanding of molecular biomarkers.
The most common mutation in papillary thyroid cancer is a point mutation in the BRAF
V600E gene, which leads to activation of the mitogen-activated protein kinase (MAPK)
pathway. Several groups have studied the BRAF mutation in thyroid cancer, have
determined BRAF’s presence to be a highly specific diagnostic marker, and have even
investigated the question of its possible association with more aggressive forms of the
disease [10, 11]. Similarly, a point mutation of the RAS gene and rearrangements of the
RET/PTCI or 3 and TK genes also activate the MAPK pathway, comprising 70 % of
the mutations found in papillary cancer.

In follicular cancer, the predominant mutations are located in the RAS gene as
well as in PAX8/PPARy rearrangements. Point mutations of the RET proto-oncogene
as well as the RAS gene are frequently identified in both the sporadic and familial
types of medullary thyroid cancer. Even dedifferentiated, poorly differentiated
tumors, and anaplastic thyroid cancer have been linked to specific mutations in the
phosphoinositide 3-kinase (PI3K)/AKT signaling pathway, TP53 and CTNNBI
genes, respectively [10]. Unfortunately, the sensitivity of even well-defined muta-
tions such as BRAF is low for Bethesda category III or IV nodules (3 % as reported
by Kleiman et al.), and therefore, testing for the presence of these individual mark-
ers should not alter the surgical treatment of patients with indeterminate nodules
[12]. However, gene expression panels have been developed to test for an array of
mutational markers most commonly seen in thyroid cancer in an effort to increase
the likelihood of identifying a cancerous lesion [13]. While these panels may
improve accuracy in identifying cancerous nodules, a negative result from these
tests does not eliminate the risk for cancer.

Gene Expression Classification (GEC) is a diagnostic test that analyzes the
expression of 147 genes and classifies the indeterminate thyroid nodules as either
benign or suspicious based on a proprietary algorithm. Several studies have been
conducted to explore the utility of this test. The negative predictive value (NPV) of
a biopsy reported as benign has been reported at 94-95 %, and the positive predic-
tive value (PPV) of suspicious lesions is 37-38 % [14, 15]. The high sensitivity
associated with GEC may improve identification of nodules with low malignancy
risk and thereby select nodules that may be clinically observed. However, the test
does not reliably identify those nodules at high risk for malignancy and should
therefore not be used to guide the extent of initial surgical intervention. As such,
current National Cancer Cooperative Network (NCCN) guidelines for the manage-
ment of thyroid cancer recommend observation or ultrasound follow-up for cytopa-
thologically indeterminate nodules diagnosed as benign on GEC testing [16]. The
testing is highly dependent on the pretest probability of malignancy, and therefore,
test results must be interpreted according to the risks in specific practice popula-
tions. In addition, surgery to determine the definitive diagnosis was avoided in only
28-41 % of cases (according to several studies), bringing into question the cost-
effectiveness of the GEC.

In contrast, MT evaluates for somatic DNA mutations that are known to be
involved in thyroid carcinoma. Specific panels assessing point mutation in BRAF,
RAS, RET/PTCI or 3, PAX8/PPAR provide testing sensitivity and specificity of 61
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Thyroid Nodule Biopsy
Results

"Atypia of
Undetermined
Significance" or

"Follicular Neoplasm"

"Suspicious for
Malignancy" or
"Malignant"

"Nondiagnostic" or
"Benign"
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Total Thyroidectomy
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Analysis with Somatic
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J J

Fig. 1 Proposed algorithm for non-operative analysis with the gene expression classifier and
somatic mutation testing in indeterminate thyroid nodules

and 98 %, respectively [17]. Because MT can effectively identify nodules with a
high index of malignancy, it can be used to direct the extent of thyroidectomy

(Fig. 1).

Surgical Treatment of Thyroid Cancer

Patients with a diagnosis of DTC should undergo total thyroidectomy as recom-
mended by the American Thyroid Association (ATA) [18]. Patients with medullary
thyroid cancer receive total thyroidectomy with central neck lymph node dissection.
In instances where the tumor is within a unifocal, intrathyroidal nodule, measuring
<1 cm in dimension and having low-risk features, and in the absence of a history of
head or neck irradiation or lymph node involvement, thyroid lobectomy may be the
appropriate treatment. Similarly, patients with clinically or radiographically posi-
tive metastatic lymph nodes should undergo total thyroidectomy and concomitant
ipsilateral, compartment-oriented lymph node dissection. Comprehensive preopera-
tive neck ultrasound not only provides the opportunity for FNA biopsy of any suspi-
cious nodes prior to surgery but also allows the surgeon to plan the appropriate
surgery and counsel the patient regarding the surgery and its associated risks [19].
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Cervical Lymph Node Dissection

The risk of regional recurrence of thyroid cancer historically ranges from 20 to
59 % and most frequently presents as nodal metastases. Indeed, these recurrences
may actually be residual disease left behind at the time of initial surgery. The
compartment-oriented central neck dissection extends from the hyoid bone superi-
orly to the innominate vein inferiorly; the medial border of the carotid sheath later-
ally and midline trachea medially. The central neck contents include the prelaryngeal,
pretracheal, and paratracheal lymph nodes (Fig. 2).

In the lateral neck, a complete compartment-oriented modified lateral neck dis-
section should occur if nodal disease is present. This dissection should include the
superficial layer of cervical fascia wrapping of the sternocleidomastoid muscle

Anterior compartment neck dissection

Fig. 2 Diagram of anatomical landmarks for compartment-oriented central neck lymph node
dissection
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Lymph nodes by levels

\ ) Right

Fig. 3 Diagram of anatomical landmarks for compartment-oriented lateral neck lymph node
dissection

along with identification, preservation, and dissection of the spinal accessory nerve
and vascular sheath (Fig. 3). The standard nodal draining pattern of involved dis-
ease does not usually extend higher than level II, so dissection in the submental
region is not necessary. Intraoperative ultrasound can be performed to identify the
suspicious-appearing lymph nodes above the posterior belly of the digastric.

Prophylactic Dissection vs. Therapeutic Dissection
of the Central Compartment Lymph Nodes

The majority of surgeons would agree that patients with papillary thyroid cancer
and radiographically, clinically, or intraoperatively suspicious or biopsy-proven
metastatic lymph nodes warrant total thyroidectomy and compartment-based
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removal of the lymph node basin(s). Current controversy exists, however, as to the
appropriate treatment of non-enlarged lymph nodes of the central neck at the time
of initial thyroidectomy. Specifically, some groups advocate routine prophylactic
central node dissection (PCND) for all patients with known papillary thyroid cancer
to decrease the risk of local recurrence, even recognizing that no prospective ran-
domized data support a survival benefit [20, 21]. While two retrospective studies
have reported a reduction in disease recurrence rates associated with PCND [22,
23], two recent meta-analyses have shown that PCND does not reduce recurrence
rates in a clinically significant manner [24, 25]. Moo et al. endorsed PCND, arguing
that those patients noted to have pathologically positive nodal metastases after
PCND were upstaged and therefore received more aggressive postoperative therapy
with radioactive iodine ablation. However, no studies have actually shown an
improvement in long-term survival with upstaging [21].

Surgery of the neck is not without complication. Surgeons arguing against PCND
are unwilling to subject patients to the risks of recurrent laryngeal nerve (RLN) injury
and permanent hypocalcemia by performing a procedure that has not yet clearly been
demonstrated to improve long-term outcomes. Reoperation in the neck increases the
risks of hypoparathyroidism and injury to the RLN, and these risks have been used as
arguments in favor of PCND. For this reason, Popadich et al. studied the rate of cen-
tral neck reoperation in patients undergoing PCND with total thyroidectomy and in
those undergoing total thyroidectomy alone. These investigators demonstrated a sig-
nificantly lower rate of reoperation in the central neck for those patients receiving
PCND, but the overall rate of reoperation between the two groups was similar. They
also noted a significantly higher rate of temporary hypocalcemia and transplantation
of parathyroid glands in patients receiving PCND [26]. In their meta-analysis, Shan
et al. reported the rate of temporary hypocalcemia to be significantly higher in patients
undergoing PCND with thyroidectomy than in patients receiving thyroidectomy
alone (31 % vs. 15 %, respectively, risk difference, 0.15; 95 % confidence interval,
0.09-0.22; P<0.01). However, the definition of hypocalcemia did vary among the
studies analyzed, and no difference among the studies was noted in the rate of perma-
nent hypocalcemia. Shan and colleagues found that the incidence of transient RLN
injury trended to be higher in patients undergoing PCND, but that increase did not
reach statistical significance [24]. There is concern that these data underreported the
risks of hypocalcemia and nerve injury because the studies were conducted in high-
volume tertiary care centers where PCND is more commonly performed. Surgeons
performing PCND less frequently may experience higher complication rates.

The current recommendations published by the ATA state that prophylactic or
bilateral Level VI lymph node dissection is recommended in patients with T3/T4
papillary tumors but may not be necessary in patients with T1, T2, NO thyroid can-
cers. The ATA also states that this recommendation should be interpreted in light of
available surgical expertise, acknowledging that PCND may lead to increased peri-
operative morbidity [18]. Ideally, a prospective randomized trial would be con-
ducted to help determine the benefit of PCND. The ATA evaluated the design and
feasibility of such a study and concluded that the required sample size would be
prohibitively large and therefore this study is not readily feasible [27]. Unfortunately,
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high quality evidence to determine the benefit of PCND is not available at the pres-
ent time. Currently, selective, rather than routine, PCND seems the most reasonable
option to guide the decision process. We have noted excellent long-term regional
disease control and patient survival using preoperative US and intraoperative sur-
geon evaluation [28].

Postoperative Therapy

Radioactive Iodine Ablation

Adjuvant therapy for patients with DTC predominantly consists of radioactive
iodine ablation (RAI) and thyroid-stimulating hormone (TSH) suppression. *'Todine
(') is used for therapeutic ablation of any remnant or microscopic thyroid tissue
that may persist after surgery. For patients with high-risk disease, the use of RAI has
been associated with reduced rates of recurrence and cause-specific mortality. RAI
has not been shown to be beneficial in patients at low risk for disease recurrence or
cause-specific mortality [29]. The decision to treat patients with RAI in the adjuvant
setting is typically reserved for papillary or follicular thyroid cancer patients who
are 45 years of age or older, patients whose primary tumor is >1 cm in diameter or
multifocal (at least one nodule >1 cm in greatest dimension), and for patients with
extrathyroidal disease due to tissue invasion. RAI may also be used in the treatment
of local recurrence or distant metastases.

Complications associated with RAI include swelling and discomfort of the sali-
vary glands, impaired sensation of taste (frequently metallic taste), dry mouth, nau-
sea in the acute setting, pulmonary fibrosis, bone marrow suppression, and the
potential for secondary cancers [30]. Given these potential side effects, practitioners
are trending toward using lower initial doses of '*'T (30-100 mCi) in patients with
low-volume disease limited to the thyroid, and who have shown radioiodine uptake
in only the thyroid bed on initial postoperative diagnostic whole-body scan [31].
Higher T doses are reserved for those patients with evidence of extrathyroidal
disease extension, lymph node metastases or significant radioiodine uptake in the
neck on initial postoperative diagnostic thyroid scan.

After total thyroidectomy and subsequent RAI (if indicated), patients will need
lifelong thyroid hormone replacement. The levothyroxine sodium starting dose is
2 pg/kg/day and is then titrated to reach an appropriate level of TSH suppression.
The amount of TSH suppression is also individualized based on the patient’s disease
status and clinicopathological tumor features. Patients must also begin a surveillance
regimen consisting of laboratory evaluation and ultrasonography. In papillary and
follicular carcinoma, T4 and TSH demonstrate the level of thyroid suppression, and
thyroglobulin and thyroglobulin antibody levels are important markers for possible
disease recurrence or metastases. In medullary thyroid cancer, calcitonin and carci-
noembryonic acid (CEA) levels should be monitored both pre- and postoperatively
to identify trends suspicious for disease recurrence.
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Fig.4 Recurrent papillary thyroid cancer in the lymph nodes posterior to the right recurrent laryn-
geal nerve

Systemic Therapy for Metastatic and RAI-Refractory Cancers

Patients with DTC generally have a good prognosis due to the indolent nature of the
disease as well as to the efficacy of standard treatment. Even those with locore-
gional recurrence are typically treated with further surgery (Fig. 4) or RAI and have
excellent outcomes. However, a subset of patients will develop locally recurrent
disease but are no longer candidates for surgical resection. Metastatic disease also
is observed in 15 % of patients with DTC, of whom half have metastatic disease
diagnosed at the initial presentation. Patients with metastatic disease typically do
not undergo further surgery as the benefits are only palliative in nature. RAI may be
used to treat metastatic disease, but unfortunately, the majority of these patients will
not experience complete remission despite multiple treatments [32, 33]. Further,
RATI therapy is not indicated when tumors have proven resistant to RAI by evidence
of radiographic progression, if tumors are non-avid on imaging, or if patients have
experienced toxicity to RAIL Overall, these tumors carry a worse prognosis but may
be stable and indolent over several years. Systemic therapy is reserved for progres-
sive or symptomatic locally advanced or metastatic disease [34].

Historically, cytotoxic chemotherapy, specifically doxorubicin, was used to treat
metastatic thyroid cancers but produced a poor response. Systemic therapy is emerg-
ing in the form of antineoplastic therapies targeted at known gene mutations. Major
targets involve inhibiting the kinase signaling pathways in tumor cells and vascular
endothelial cells. Known mutations of the RET/PTC, BRAF, and RAS genes, vascu-
lar endothelial growth factor (VEGF) receptors, and epidermal growth factor (EGF)
receptors and their downstream effects are of particular interest [33, 34]. Tyrosine
kinase inhibitors (TKI) affect multiple signaling pathways and have shown promis-
ing results. The U.S. Food and Drug Administration (FDA) has approved the use of
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sorafenib for metastatic DTC and has approved vandetanib and cabozantinib for
metastatic or unresectable MTC [35]. A systematic meta-analysis of eight phase II
trials and retrospective studies evaluating the effects of sorafenib on disease pro-
gression, disease response and patient survival, found that sorafenib was associated
with a partial response in 22 % of MTC patients, 21 % of DTC patients, and 13 %
of anaplastic thyroid cancer patients. The majority of DTC and MTC patients dem-
onstrated clinical benefit, with progression of disease noted in 6.5 % of MTC
patients and 21 % of DTC patients [35].

A recent multicenter, prospective, randomized, double-blind, placebo-controlled,
phase III trial entitled DECISION, was conducted to evaluate the efficacy and safety
of sorafenib treatment in patients with RAI-refractory metastatic DTC. This trial
included 417 patients, 207 of whom received sorafenib; however, the patients with
disease progression in the placebo study arm were allowed to cross over to open-
label sorafenib. The DECISION trial investigators reported a significantly longer
progression-free survival in patients treated with sorafenib (10.8 months) than in
patients in the placebo arm (5.8 months; hazard ratio, 0.59; 95 % confidence inter-
val, 0.45-0.76; P<0.0001). Adverse effects of sorafenib were noted in 98.6 % of
treated patients and consisted mostly of the commonly reported side effects of
hand—foot skin reaction, diarrhea, alopecia, and skin desquamation [36]. Of note,
sorafenib has also been associated with the development of squamous cell carci-
noma of the skin and therefore patients must be carefully monitored for skin cancer
during and after treatment.

These promising studies have led not only to further research and development
of targeted therapy in metastatic DTC, but also to expanded use of the currently
approved therapies in the adjuvant setting. As more data accumulate, these therapies
may be utilized in the neoadjuvant setting as well.

Special Considerations

Timing of Prophylactic Thyroidectomy for RET
Mutation-Positive Patients

Unlike well-differentiated thyroid cancer, MTC is not derived from follicular cells but
rather from calcitonin-producing C-cells of the thyroid. The development of MTC is
sporadic in 80 % of patients; however, MTC is a distinct entity in the diagnosis of
hereditary syndromes such as multiple endocrine neoplasia (MEN) type 2A and type
2B as well as familial medullary thyroid cancer (FMTC). The RET proto-oncogene
mutation previously discussed is strongly associated with MTC and is present in 98 %
of MEN 2A patients and in 95 % of FMTC individuals. Even those without an inher-
ited etiology of MTC will frequently have a RET mutation identified upon genetic
testing [37, 38]. Mutations in several different codons of the RET oncogene lead to
varying degrees of transformation to MTC and to various phenotypes of the hereditary
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MTC:s. For this reason, relatives of patients with a RET mutation should undergo
genetic counseling and testing to detect carriers of mutations that may not yet have
manifested clinical symptoms. Given its strong association with MTC, all family
members identified to carry a RET gene mutation are recommended to undergo thy-
roidectomy. The timing of thyroidectomy for prophylactic, rather than therapeutic pur-
poses in RET-mutation positive individuals is debatable.

Thyroidectomy in response to rising calcitonin levels, independent of the type of
RET mutation, is agreed upon by most. Arguments against this approach are that the
ability to determine biochemical conversion is limited and that patients with micro-
MTC are still at risk of having both lymph node as well as distant metastases [37].
The 2009 ATA guidelines have incorporated a classification system for RET muta-
tions that includes consideration of mutations known to be more aggressive in deter-
mining the recommended time for prophylactic thyroidectomy [39]. Regarding
prophylactic thyroidectomy based on risk stratification, invasive MTC is present in
up to 22 % of patients, and the percentage of patients with invasive MTC did not
differ among mutation risk levels [40]. In children, preoperative US cannot reliably
distinguish MTC from other thyroid nodules. Surgical management should thus be
individualized using the ATA guidelines to suggest when to operate [41].

Genetic Testing for Nonmedullary Thyroid Cancer

The vast majority of papillary or follicular thyroid cancers are sporadic in nature;
however, approximately 5 % of these nonmedullary thyroid cancers (NMTCs) are
hereditary in origin [42]. Familial adenomatous polyposis (FAP) and Cowden syn-
drome have a known association with multiple cancers in the body, including those
of the breast and NMTCs. FAP is an autosomal dominant disorder due to germline
mutations of the APC gene typically characterized by multiple colorectal polyps that
develop into colorectal cancer if left untreated. Cowden syndrome is now known to
be most frequently associated with PTEN tumor suppression gene mutations leading
to malignant transformation of epithelial tissue-derived organs [37]. Patients diag-
nosed with FAP should be screened for other cancers including those of the breast
and thyroid. Similarly, patients noted to have a family history of FAP or of multiple
types of cancer during the initial history should be referred for genetic counseling
and possibly for genetic testing to identify those at risk for germline mutations.
There have also been reports of familial nonmedullary thyroid cancers (FNMTCs)
that are not associated with FAP or Cowden syndrome. Patients with FNMTC must
have at least two or more first-degree relatives with well-differentiated thyroid can-
cer in the absence of predisposing hereditary syndromes or environmental factors.
Patients with FNMTC are thought to have a more aggressive form of the disease, and
early identification of at-risk family members is indicated. Some groups argue for
more aggressive therapy (including prophylactic central neck dissection and radioio-
dine ablation despite tumor characteristics) in patients with FNMTC; however, as
previously discussed, the data regarding these treatments are controversial [37].
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Unfortunately, genetic markers associated with FNMTC are yet to be isolated,
but studies are currently under way in hopes of better understanding the pathogen-
esis of this disease [37, 43]. For now, surgeons should take a detailed personal and
family history when initially evaluating patients with all forms of thyroid cancer.
Those with remarkable risk factors must be counseled about the risk of cancer and
about appropriate screening recommendations for their relatives.

Summary

The diagnosis of DTC typically carries an excellent prognosis. Even the majority of
patients with MTC will experience long-term survival rates of 80 %. Preoperative
diagnosis is performed with US-guided FNA biopsy. A diagnostic dilemma occurs
when the FNA biopsy results are indeterminate for cancer. Gene expression classi-
fiers may be used to assist in the risk assessment of these indeterminate nodules to
identify patients likely to have benign disease, and molecular testing can identify
nodules with a high risk of malignancy.

The recommended treatment for preoperatively identified thyroid carcinoma is
total thyroidectomy. In select cases involving unifocal, limited disease (<1 cm), thy-
roid lobectomy may be considered. A compartment-oriented lymph node dissection
should be performed for radiographic or clinically evident lymph node disease.
Commonly, this dissection is a central (level 6) neck dissection. Lateral neck dis-
ease is less common but if present, a compartment-oriented neck dissection should
be performed. The role of PCND is less obvious but is advocated by some to reduce
the risk of local recurrence. Those against PCND note that the risk-to-benefit ratio
is gratuitously high, as increases in temporary hypocalcemia and nerve palsy have
been noted. RAI has no long-term benefit in patients with low-risk tumors but
should be considered for moderate and high-risk patients, such as those with T3-T4
or N1 disease. Adjuvant systemic chemotherapy for those patients with metastatic
thyroid cancer is largely targeted to tyrosine kinase inhibitors.
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Controversies in the Surgical Management
of Melanoma

Jeremiah L. Deneve, Maria C. Russell, and Keith A. Delman

Introduction

Melanoma is the third most common malignancy of the skin behind basal cell
carcinoma and squamous cell carcinoma and the deadliest form of cutaneous cancer
with more than 8000 deaths per year in the United States [1]. The average lifetime
risk of developing melanoma in the United States increased from 1 in 1500 in 1935
to 1 in 30 in 2009 [2, 3]. The management of melanoma is based upon the Tumor-
Node-Metastatsis (TNM) classification system, as described in the seventh edition
of the American Joint Commission on Cancer (AJCC) published in 2009 [4].

The outcome for patients with localized (Stage I/II) melanoma without lymph
node metastasis is favorable with a 92-95 % 5-year survival. Primary tumor thick-
ness and the presence of ulceration are the primary determinants of survival for
Stage I/Il melanoma [5]. Emerging data from several centers has also demonstrated
the mitotic rate to be an adverse prognostic determinant of outcome for localized
melanoma, as evidenced by the recent inclusion of mitotic rate into the AJCC stag-
ing guidelines for thin melanomas [6-8].
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Patients with Stage III melanoma represent a more heterogeneous group than
those with localized melanoma with regard to staging, management and prognosis.
This group includes those with regional metastasis (micro- or macrometastasis)
and/or in-transit metastasis. Regional lymph nodes are the most common site of
metastasis for melanoma patients. The use of sentinel lymph node biopsy (SLNB)
is one of the most important advances in the management of melanoma. It has sig-
nificant staging and treatment implications in that it facilitates the identification of
more high-risk patients (Stage IIB, IIC, or III) and identifies those with micro-
metastatic disease who may benefit from earlier therapeutic lymph node dissection
(LND) while sparing those node-negative patients the morbidity of an elective
LND. The status of the sentinel lymph node (SLN) is the most powerful indepen-
dent predictor of survival [9, 10].

Patients with Stage IV melanoma include those with metastasis to distant skin,
subcutaneous tissues and/or lymph nodes (Mla), the lungs (M1b) or any non-
pulmonary visceral site (M1c). The overall prognosis is generally poor with 5-year
survival rates of less than 10 % [11, 12]. Historically, the treatment for this cohort
has been primarily medical with surgery reserved for those with isolated resectable
or symptomatic metastases. The recent discovery of targeted systemic agents for the
treatment of melanoma metastasis has revolutionized the management and outcome
of patients with Stage IV melanoma [13-15].

While significant advances in the management of melanoma patients have devel-
oped over the past two decades, this review focuses on the current controversies in
the surgical management of melanoma. For purposes of this discussion, relevant
topics are segregated into lymph node-negative (Stage I/Il) disease, lymph-node
positive (Stage III) disease and distant metastatic melanoma (Stage IV).

Surgical Management of Node-Negative Melanoma

Is it Time to Re-address Surgical Excision Margins
Jor Primary Cutaneous Melanoma?

Surgical excision is the primary treatment for cutaneous melanoma. Given that up
to 70-85 % of patients with melanoma present with localized disease, most can be
cured with surgical excision alone [4]. The margin of excision is based on the
Breslow thickness of the primary melanoma and has evolved from a series of stud-
ies comparing different margins. Current National Comprehensive Cancer Network
(NCCN) guidelinesfor the surgical management of melanoma recommend a 0.5 cm
margin for melanoma in situ (MIS) [16]. Margins >0.5 cm may be necessary for
large MIS or lentigo maligna to achieve histologically negative margins.
Recommended margins of excision are outlined in Table 1. It is important to note
that these recommendations are based on the clinical margin mapped out at the time
of surgery and not gross or histologic margins as defined by the pathologist.
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Table 1 Nat.ional Tumor thickness | Recommended margin of excision® (cm)
Comprehensive Cancer

Network (NCCN) guidelines In situ® 0.5

for melanoma margins of <1.0 mm 1

excision [16] 1.01-2.0 mm 1-2
2.01-4.0 mm 2
>4 mm 2

“Excision recommendations are based on clinical margins
taken at the time of surgery and not gross or histologic mar-
gins as measured by the pathologist

*For large melanoma in situ, lentigo maligna type, surgical
margins >0.5 cm may be necessary to achieve histologically

negative margins

The progression to the current recommendations for surgical margins of excision
of invasive melanoma has continued to evolve over the last 100 years. Historically,
the management of melanoma involved the removal of 2 in. (5 cm) of subcutaneous
tissue down to the level of the muscle fascia with the radical removal of lymph nodes
[17]. This surgical dogma perpetuated until Breslow and colleagues demonstrated a
narrow excision margin was not associated with adverse events in thin melanomas
(<0.75 mm) [18]. This finding prompted the initiation of several randomized trials
which have subsequently defined our current management of melanoma.

The World Health Organization (WHO) was the first to address the topic of sur-
gical margins in a multicenter, randomized control trial (RCT) of 703 patients with
melanomas no thicker than 2 mm to address the efficacy of narrow margin excision
[19]. Six hundred and twelve (87 %) patients were evaluated, of which 305 under-
went 1 cm excision (narrow) and 307 underwent 3 cm excision (wide). With a mean
follow-up of 55 months, there was no difference in disease-free survival (DFS) or
overall survival (OS) between the two groups. At 90 months follow up, only four
patients had local recurrences, all within the narrow-excision group, still with no
difference in OS or DFS observed [20]. The authors concluded that a narrow exci-
sion is safe and effective for patients with melanoma thinner than 1 mm with a very
low rate of local recurrence.

The Swedish Melanoma Study Grouppublished their initial findings evaluating a
2 cm versus a 5 cm margin of excision for melanomas >0.8 mm and <2.0 mm of the
trunk and extremities in 1996 [21]. A multicenter, RCT was performed of 989
patients, 476 randomized to the 2 cm group and 513 to the 5 cm group. With a
median follow-up of 5.8 years, there was no difference observed between the treat-
ment groups regarding local or regional recurrence or overall survival. At 11 years
follow-up, 8 of 989 patients (<1 %) experienced a “local” recurrence in the scar or
transplant [22]. There were no statistical differences in recurrence or survival
between the two treatment arms. Based on these results, the authors concluded that
a2 cm margin is as safe as a 5 cm margin of resection.

Investigators of the Intergroup Melanoma Surgical Trial first reported their expe-
rience in 1993 looking at surgical excision margins for intermediate-thickness
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melanoma (1.0-4.0 mm) [23]. A prospective, multi-institutional surgical trial was
performed in which 486 patients were randomized to 2 or 4-cm surgical margins.
The local recurrence rate was 0.8 % for the 2-cm margin group and 1.7 % for the
4-cm margin group (p=NS). With a median follow-up of 6 years, there was no dif-
ference in local recurrence or overall survival. The authors concluded that the mar-
gin of excision for intermediate-thickness melanoma could safely be reduced to
2 cm. Subsequent long-term results reported in 1996 demonstrated a local recur-
rence of 3.8 % [24]. The local recurrence was not significantly affected by the mar-
gin of resection, even among thicker or ulcerated lesions. Ten-year follow up data
was reported in 2001 by the Intergroup collaborators [25]. The local recurrence rate
was 1.1 % for melanomas of the proximal extremities, 3.1 % for the trunk, 5.3 % for
the distal extremity and 9.4 % for the head and neck. There was no difference
in local recurrence or OS between a 2 or 4 cm margin of excision.

The French Group of Research on Melanoma evaluated the impact of a 2 cm
versus 5 cm margin of excision for melanomas measuring less than 2.1-mm in
thickness [26]. A multicenter, randomized control trial was performed in which 337
patients were randomized to a 2-cm (167 patients) or 5-cm (170 patients) margin of
excision. With a median follow-up time of 192 months (16 years), there were 22
recurrences in the 2-cm arm and 33 in the 5-cm arm. The 10-year DFS was 85 %
and 83 %, respectively and there was no difference in OS (87 % vs 86 %, respec-
tively) between groups. The authors concluded that for melanoma less than 2.1-mm
thick, a margin of 2 cm is sufficient and that a 5 cm margin does not appear to
impact the rate or time to disease recurrence or survival.

The UK Melanoma Study Groupevaluated the impact of a 1 or 3 cm margin of
excision on primary cutaneous melanoma 2 mm or greater in thickness and pub-
lished their results in 2004 [27]. Nine hundred patients were randomized, 453 to the
1-cm excision group and 447 to the 3-cm excision group. A 1-cm margin of excision
was associated with a significantly increased risk of local recurrence. With a median
follow up of 60 months, there were 168 locoregional recurrences in the 1-cm exci-
sion group as compared with 142 in the 3-cm excision group (p=0.05). There was
no difference in overall survival between the groups. Based on these results, the
authors concluded a 1-cm margin of excision for melanoma of at least 2 mm in
thickness is associated with a poor prognosis and significantly greater risk of
regional recurrence than is a 3-cm margin.

In an effort to further clarify the most appropriate margin for intermediate-
thickness melanoma, the Swedish Melanoma Study Group investigated whether
there was a difference in survival using a 2-cm compared with a 4-cm margin of
excision for melanoma thicker than 2 mm [28]. A prospective, multicenter random-
ized trial was performed in which 936 patients were randomized to a 2-cm margin
(465 patients) or 4-cm margin (471 patients). The 5-year OS for both groups was 65
% (p=0.69). Based on these findings, the authors suggested that a 2-cm margin is
sufficient and safe for melanoma 2 mm or thicker.

The results of the afore-mentioned studies add valuable insight into a several
decade process of determining which margins are appropriate for a certain thickness
melanoma. A summary of RCT outcomes for margins of excision is described in
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Table 2 Randomized clinical trials for melanoma margins of excision actuarial recurrence free
survival and overall survival

S5-year 10-Year
Clinical trial Narrow Wide Narrow Wide
Recurrence free survival
WHO [19, 20] NR NR 82 % 84 %
Swedish [21, 22] 81 % 83 % 71 % 70 %
Intergroup [23-25] 75 % 70 % NR NR
French [26] NR NR 85 % 83 %
UK [27] NR NR NR NR
Overall survival
WHO [19, 20] 97 % 96 % 87 % 87 %
Swedish [21, 22] 86 % 89 % 79 % 76 %
Intergroup [23-25] 76 % 82 % 70 % 77 %
French [26] 93 % 90 % 87 % 86 %
UK [27] NR NR NR NR

Reproduced with permission [29]

Table 2 [29]. Several concepts are noteworthy when considering these landmark
surgical clinical trials. First, in each of the five randomized control trials, no survival
difference was observed based on the margin of excision. Similarly, there was no
difference in local recurrence observed based on margin of excision, except for
within the UK study. It is critical that we recognize that even though the UK study
showed a higher local recurrence, the study did not include SLN Bx and most of the
recurrences were actually in the regional nodal basin, severely limiting the applica-
bility of this study to current practice in the United States and elsewhere. It is also
important to note that many of these studies, including the most recent Swedish
study, began enrollment prior to the era in which SLNB was routinely performed.

While these trials provide vital long-term follow up data and offer invaluable
perspective into the current management of localized melanoma, there are currently
no randomized clinical trials underway assessing the margin of resection for local-
ized, primary melanoma. Importantly, there has never been a comparison of 1 cm vs
2 cm margins for a melanoma of any thickness, and the possibility that a 1 cm mar-
gin is acceptable for most patients is worth considering. In a review by Hudson and
colleagues, a comparison of 1 cm vs 2 cm margins in T2 melanomas demonstrated
that there was no difference in overall survival and that local recurrences were gen-
erally surgically salvageable without an adverse impact on survival [30]. The most
recent RCT (Swedish Group) began enrollment in 1992, approximately two decades
ago. Given the lack of association between an impact on survival and the margin of
excision, is it time to address whether there is a difference between a 1 and 2-cm
margin of resection for intermediate-thickness and/or thick melanoma? This effort
would require a large patient population and a multicenter, international collabora-
tive effort but is certainly worth addressing and would have a similar far-reaching
impact as each of the above studies have so nicely demonstrated.
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Should All Melanoma Patients Undergo SLNB?

The prognostic implication of the status of the sentinel lymph node cannot be over-
stated. SLNB has become the standard of care for melanoma >1.0 mm in thickness
and provides valuable staging and prognostic information. Similarly, it identifies
those with clinically occult melanoma micro-metastasis who may benefit from early
elective LND and those who may be eligible for clinical trials or adjuvant therapies
[31]. The technique of SLNB is a low-risk procedure with minimal morbidity and
low false negativity [32]. Several clinicopathologic factors have been investigated
and associated with increased risk of SLN metastasis. Breslow thickness is not only
a significant predictor of overall outcome but also of risk of development of regional
lymph node metastasis [33, 34]. Other factors such as gender [35], Clark level [36],
ulceration [37], age [38, 39] and other tumor-related factors also have an association
with lymph node metastasis [40].

While there is general consensus on indications for SLNB, there remains some
debate for patients on the extreme ends of the spectrum of disease. Similarly, there
are several considerations for when to omit the SLNB. When the likelihood of SLN-
positivity is low or of minimal staging benefit, the cost and potential SLNB-related
side effects may be prohibitive when compared with wide local excision alone. Thin
melanomas (thickness < 1.0 mm) fall within this category. Similarly, patient factors
such as extremes of age or significant medical comorbidities may impact the deci-
sion to perform SLNB. Specifically, the risk associated with general anesthesia or
therapeutic lymphadenectomy may be prohibitive in these instances. These patients
may be followed with close observation and expectant management of clinical dis-
ease if it is to develop. Previous treatment also has an impact on the utilization of
SLNB. Ideally, SLNB occurs in conjunction with excision of the primary tumor. In
situations such as prior excision or flap/wound coverage, ambiguous drainage and
impaired accuracy of the SLNB may result which may impact diagnostic yield and
additional treatment recommendations. In situations of an unsuccessful SLNB or
contraindication to SLNB, other surveillance options exist. Ultrasonography (US)
has been used to follow and detect sub-clinical recurrence of melanoma. US imag-
ing is the most sensitive and specific imaging modality for detecting nodal mela-
noma metastasis [41]. Furthermore, US imaging and US-guided fine needle
aspiration can accurately identify SLN metastasis in up to 65 % of patients and
guide treatment recommendations for those who can avoid SLNB and proceed to
therapeutic lymphadenectomy [42]. The role of US surveillance is currently being
addressed in Multicenter Selective Lymphadenectomy Trial-IT (MSLT-1I).

No randomized trial has demonstrated a survival benefit for SLNB. Indeed, less
than 20 % of patients who undergo SLNB are found to have metastatic disease and
therefore are considered for completion LND [43]. One could certainly suggest that
a majority of patients are unaffected by SLNB and therefore undergo an unneces-
sary procedure, placing them at increased risk for complication. Nonetheless, for
patients with regional metastasis, there is a survival advantage (72 % vs 52 % OS)
in undergoing early therapeutic LND when compared to those who develop clinical
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regional disease and are managed expectantly [43]. Data from the Multicenter
Selective Lymphadenectomy Trial-1 (MSLT-1) demonstrated that lymphadenec-
tomy performed for a positive SLN was associated with fewer and less severe com-
plications, and in particular less risk of long-term lymphedema [43, 44].

Thin Melanoma (<1 mm Breslow Thickness)

Patients with thin melanomas comprise a majority of those encountered in clinical
practice [45]. Generally, patients with thin melanoma have a favorable prognosis
and low risk of metastasis and melanoma-related death. Primary tumors less than
1 mm in thickness have less than a 5 % risk of metastasis overall [46]. It is recog-
nized, however, that even for those with thin melanoma, a certain percentage of
patients may recur.

The routine use of SLNB in thin melanoma is controversial. Determination of
which patients are at highest risk for nodal recurrence and possibly subsequent
melanoma-related death is important given the number of new melanoma diagnoses
yearly in this category. Several potential predictors of SLN metastasis have been
identified including but not limited to gender, Breslow thickness, Clark level, age,
mitotic rate and tumor infiltrating lymphocytes [47-51]. The mitotic rate has been
identified to be an extremely important variable in the outcome of thin melanoma,
so much so that it was added to the seventh edition of the AJCC staging system.
However, by itself, mitotic rate has not been shown to be a predictor of nodal metas-
tases in the AJCC analysis [4, 52-54]. Ulceration has been associated with higher
propensity for nodal metastasis and overall worse outcome. While the presence of
ulcerative lesions warrants further investigation, it is an infrequent finding in thin
melanoma, affecting less than 3 % of patients [55, 56]. Age is also a risk factor for
thin melanoma and several predictive models identify it as prognostic for increased
risk of nodal involvement [56, 57]. No appropriate age cut off has been identified of
when to offer SLNB and therefore cannot be used alone to pursue the procedure.
Interestingly, while prognosis is worse with advancing age, the incidence of nodal
metastases is lower. Similarly, while prognosis is better with younger age, the inci-
dence of nodal metastases is higher [39, 58]. Nomograms are clinically helpful in
identifying which patients with thin melanoma may be at increased risk for lymph
node metastasis and may benefit from SLNB. However, while nomograms may be
useful, it should also be recognized that a surgeon selection bias exists in which
patients with thin melanoma are considered for SLNB testing and therefore may
have an impact on which factors are ultimately included as selection criteria.

There has been considerable debate on the management of thin melanoma (AJCC
Stage TA/IB) with respect to SLNB testing. The NCCN guidelines recommend
SLNB for melanoma> 1.0 mm in thickness. For melanomas less than 0.76 mm
without adverse features, SLNB is not recommended. For lesions 0.76—1.0 mm,
discussion of SLNB is at the discretion of the treating physician and patient [16,
59]. Recently, the American Society of Clinical Oncology (ASCO) and Society of
Surgical Oncology (SSO) published consensus guidelines with evidence-based
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recommendations for SLNB in melanoma [60]. Four key recommendations were
issued. With regard to thin melanomas, specifically, they reported there to be insuf-
ficient evidence to support routine SLNB for melanoma <1 mm in Breslow thick-
ness, but suggest that it may be considered in select high-risk individuals.

Discussion of SLNB for patients with thin melanoma is highly individualized
and must take into account the available pathology report, the patient’s level of anxi-
ety and expectations and growing body of emerging published data. Long-term data
on outcome for SLNB in thin melanoma requires longer follow up and randomized
clinical trials to clarify this issue.

Intermediate Thickness Melanoma (1-4 mm Breslow Thickness)

There is agreement and uniformity on the role of SLNB for intermediate thickness
melanoma. Our understanding of the importance of SLNB on staging and prognosis
and ultimately overall outcome is due to the work of Dr. Morton and colleagues of
the MSLT Cooperative Group [32, 61, 62]. A large, multicenter randomized trial
was conducted in which patients with clinically localized melanoma were assigned
to wide excision and sentinel-node biopsy (biopsy group) or wide excision and post-
operative observation of the regional nodal basin (observation group). Patients in
the biopsy group underwent immediate lymphadenectomy if micro-metastasis were
detected at the time of SLNB. Patients in the observation group underwent delayed
lymphadenectomy if nodal recurrences developed. Patients with melanomas 1.2—
3.5 mm were selected as the primary study group based on prospective database
analysis from the John Wayne Cancer Institute [63]. With a median follow-up of
59.8 months, there was no difference in melanoma-specific survival between groups
(86.6 % and 87.1 %; p=0.58). For patients with a positive sentinel node, the disease-
free survival was 53.4 %, compared to 83.2 % if the sentinel node was free of metas-
tases (p<0.001).

The third interim analysis suggested a survival benefit for patients with
intermediate-thickness melanoma who were found to be node-positive and under-
went immediate lymphadenectomy (72.3 % vs 52.4 % S5-year survival) [43].
Seventy-eight patients in the observation group developed nodal relapse in the
regional basin. The median time to development of nodal recurrence was 1.33 years.
Furthermore, the mean number of clinically involved tumor-positive nodes in
patients who underwent delayed lymphadenectomy (observation group) was 3.3
compared to 1.4 involved nodes for those who underwent immediate lymphadenec-
tomy (p<0.001), suggesting that even in the absence of clinically evident disease,
micro-metastatic disease continues to grow and if left untreated will eventually
develop into significant disease.

Subsequent long-term follow-up data was recently reported [64]. There was no
difference in 10-year melanoma-specific survival between the biopsy or observation
group. The overall rate of nodal disease was 20.8 %, suggesting that 79.2 % of
patients did not derive a benefit from SLNB. On subset analysis, for patients with
nodal disease and intermediate-thickness melanoma (1.2-3.5 mm), early treatment
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following a positive SLNB was associated with improved 10-year distant DFS and
melanoma-specific survival.

Others have demonstrated similar findings with the use of SLNB testing for
intermediate thickness melanoma. Post hoc analysis of study data from patients
enrolled in the Sunbelt Melanoma Trial was performed looking at the use of SLNB
in melanoma intermediate thickness (1-2 mm) melanoma [65]. Over 1100 patients
were evaluated and divided into two groups: Group A (1.0-1.59 mm) and Group B
(1.60-2.0 mm). The SLN was positive in 133 (12 %), including 8.7 % in Group A
(66/672) and 19.3 % of Group B (67/348). Patient age, Breslow thickness and lym-
phovascular invasion were independently predictive of a positive SLN on multivari-
ate analysis. The DFS and OS were significantly better for Group A than Group
B. Based on review of the data, the authors were not able to identify or reasonably
predict which patients with melanoma between 1 and 2 mm in thickness would be
at minimal risk for SLN metastasis and therefore unlikely to benefit from SLNB. The
authors recommend SLNB for all patients with intermediate thickness melanoma.

Thick Melanoma (>4 mm Breslow Thickness)

Just as with the role of SLNB in thin lesions, there is lack of unanimity with the use
of SLNB in thick (>4 mm) melanoma. The risk of SLN metastasis increases as pri-
mary tumor thickness increases, with tumors greater than 4 mm in depth having a
risk of metastasis of greater than 30 % [33, 66]. Some clinicians, however, contend
that SLNB may not provide the same benefit in patients with thick melanoma as
these patients have a high rate of occult systemic disease at the time of presentation
[67]. The SLN would not provide useful prognostic information and completion
lymph node dissection would not have a significant impact on outcome in the pres-
ence of distant disease.

Several series have demonstrated conflicting results with the use of SLNB in
thick melanomas. For instance, Jacobs et al. identified no statistical difference in
overall survival (OS) in 43 patients with thick melanomas (median thickness 6.4
mm) [68]. Essner and colleagues, similarly, identified no difference in OS but there
was a disease free survival (DFS) observed for node-negative patients with thick
melanomas who underwent SLNB (N=135 patients, median thickness 5.9 mm)
[69]. Cherpelis also identified no difference in OS between node-negative and node-
positive patients as identified by SLNB in thick melanomas (N=201 patients,
median thickness 5.2 mm) [70]. These results have led some clinicians to suggest
that the routine use of SLNB in thick melanomas may not have the same clinical
significance as in intermediate thickness melanoma.

Other series have demonstrated a benefit to the routine use of SLNB in thick
melanoma. Gershenwald and colleagues at MD Anderson Cancer Center identified
the status of the SLN (along with ulceration) to be the most significant predictor of
DFS and OS in 131 patients with T4NO melanoma and recommended routine use of
SLNB in this patient population [66]. Similarly, Carlson and colleagues from Emory
University, identified that 37 of 114 patients (32.5 %) with thick melanomas had a
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positive SLNB, 18 patients (48.6 %) of which had a single tumor-positive lymph
node after lymphadenectomy [71]. The status of the SLN was the strongest indepen-
dent predictor of OS. The authors recommended routine SLN mapping for those
with thick (> 4 mm) melanoma. The authors of a study from the University of
Michigan reported on one of the largest experiences with the use of SLNB for
patients with thick melanoma [72]. Of 227 patients with thick melanomas, 107 (47
%) were found to be SLN-positive. Angiolymphatic invasion, satellitosis and ulcer-
ation of the primary tumor were the strongest predictors of a positive-SLN. The
SLN status was the most significant predictor of distant DFS (DDFS) and OS in that
population. Patients with T4 melanoma who were node-negative had a significantly
better DDFS (85 % vs 48 %, p<0.0001) and OS (80 % vs 47 %, p<0.0001) com-
pared to those who were found to have metastasis on SLNB. The authors recom-
mended strongly considering SLNB, regardless of Breslow depth, for patients with
clinically node-negative T4 melanoma.

The use of SLNB for patients with thick melanoma is generally less controver-
sial than for thin melanoma. While there is some conflicting data regarding the
impact and outcome for patients who undergo SLNB with thick melanoma, the
standard practice for most high-volume melanoma centers is offer SLNB and treat
based on results of the biopsy. No randomized clinical trials are currently underway
addressing this issue specifically.

Adjuvant Therapy for Node Negative Melanoma

At present, adjuvant therapy is reserved for patients with metastatic disease (stage
IIl/in transit disease) or those with thick primary tumors (T4NO) who bear a high
likelihood of harboring occult metastatic disease [16]. Interferon-alpha (IFN-alpha)
is the only FDA approved agent for adjuvant use in melanoma. The use of INF-
alpha is associated with severe toxicity which is limits its routine use for high-risk
patients. Unfortunately, as many as 50 % of patients are unable to complete the
recommended course of therapy due to its side effects.

Further complicating the issue, Interferon has only a marginal benefit in patients.
Numerous randomized clinical trials have been performed, many with conflicting
results. While an extensive body of interferon-related literature exists, in short, a
DFS advantage exists (mainly over observation) but no definitive evidence suggest
a OS benefit for the adjuvant use of INF-alpha for melanoma [73, 74]. As a result its
use remains controversial, particularly in patients without active disease and espe-
cially those without metastatic disease. At present, this agent remains the only
off-protocol, approved agent for adjuvant therapy and most clinicians recommend it
with considerable trepidation. It is important to note though, that in the past 5 years,
several agents have been newly approved for the treatment of melanoma and while
none are yet accepted for use in the adjuvant therapy, their utility is currently under
investigation [13, 15, 75-77].



Controversies in the Surgical Management of Melanoma 169

Surgical Management of Node-Positive Melanoma

Observation of Sentinel Lymph Node-Positive Melanoma

Lymphadenectomy is the standard of care for patients with clinically node-positive
or SLN-positive melanoma [4, 16]. For patients who have a positive SLNB, up to 15
% of patients will have occult disease identified in non-SLNs at the time of comple-
tion of lymphadenectomy [78, 79]. Perhaps more accurately, data from MSLT-1 has
demonstrated that 88 % of patients who have a single tumor-containing sentinel
node will have no additional metastasis identified at the time of CLND by hema-
toxylin and eosin staining [43]. This suggests that the majority of patients derive no
benefit in undergoing CLND and, therefore, undergo a potentially unnecessary pro-
cedure with concomitant increased risk for complications. While the NCCN recom-
mendation is for patients with a positive SLN to undergo CLND, at least one study
demonstrated that up to 50 % of patients forego CLND [80]. Currently, the natural
history of patients with a positive-SLN who do not undergo CLND is unknown.
Because a majority of patients have no additional disease identified in non-
sentinel lymph nodes (NSLNs),several centers have begun to assess predictive fac-
tors that may provide information on who may avoid CLND after a positive
SLNB. Sabel and authors from University of Michigan queried their prospective
melanoma database and identified 980 patients who underwent SLNB for cutaneous
melanoma [81]. A positive SLN was identified in 24 % of patients (232). At CLND,
34 patients (15 %) had one or more positive NSLN. Three or more positive SLNs,
male gender, Breslow thickness and extranodal extension were all associated with
likelihood of finding additional positive nodes on CLND. The authors at Emory
University reviewed their experience of 70 patients with a positive SLN and drain-
age to a single nodal basin [82]. Nineteen patients (24 %) were found to have NSLNs
after CLND. Breslow thickness, ulceration, SLN tumor burden, number of positive
SLNs and number of SLNs removed were examined and a predictive model devel-
oped to identify positive NSLNs was developed. Neither comparison of the tumor
factors examined, nor the predictive model could accurately predict NSLN involve-
ment. Others have been likewise unsuccessful in identification of a group of patients
at zero-risk for NSLN metastasis when using algorithms or predictive models [83].
Frankel and colleagues examined whether size and location of metastases within
the SLN may help better stratify the likelihood of finding additional positive NSLNs
[84]. The presence of a head/neck or lower extremity primary, angiolymphatic inva-
sion, mitosis, Breslow thickness >4 mm, extranodal extension, >3 positive SLNs and
tumor burden involving >1 % of SLN surface area were significantly associated with
finding additional disease on CLND. Location of metastases within the SLN (capsu-
lar, subcapsular, or parenchymal) did not correlate with a positive NSLN. The Swiss
performed a retrospective analysis of 392 patients and investigated whether SLN
tumor load had an effect on NSLN positivity or DFS, possibly sparing some patients
from CLND [85]. A total of 114 positive SLNs were identified and at the time of
CLND, 22 % were found to have additional positive NSLNs. Of those with SLN



170 J.L. Deneve et al.

micrometastasis, 16.4 % had a positive NSLN identified at CLND (p=0.09). SLN
tumor burden, however, did not correlate with NSLN-positivity. Similarly, the authors
were not able to reliably or reproducibly predict NSLN-positivity at the time of CLND.

The lack of uniform results has led some authors to question the utility of CLND
for positive SLN patients. Kingham and authors reviewed the Memorial Sloan-
Kettering Cancer Center experience for patients who hade a positive SLN and did not
undergo CLND [86]. Of 2269 patients who underwent SLNB, 313 (13.7 %) had a
positive SLN of which 271 (87 %) underwent CLND and 42 (13 %) did not (no-
CLND). Patients in the no-CLND group were older, had a higher percentage of lower
extremity melanomas, and a trend toward thicker melanomas. The most common
reason (45 %) for not performing CLND was refusal by the patient. The patterns and
rates of recurrences were similar between groups, suggesting that possibly CLND
may not need to be performed in all melanoma patients with a positive SLN. Bamboat
and colleagues recently reported updated information on 4310 patients undergoing
SLNB over a 20-year period [87]. A positive SLN was observed in 495 (11 %) of
which 328 (66 %) underwent immediate CLND and 167 (34 %) underwent nodal
observation. There were no differences in Breslow thickness, Clark level, ulceration
or SLN tumor burden between groups. Nodal disease was the site of first recurrence
in 15 % of patients in the no-CLND group and 6 % of the CLND group (p=0.002).
There was no difference in local and in-transit recurrence between groups. Systemic
recurrences occurred in 8 % of the no-CLND patients compared with 27 % of the
CLND patients (p<0.001). Immediate CLND after a positive-SLNB was associated
with fewer initial nodal basin recurrences but no difference in melanoma-specific
survival when compared with those who were observed and did not undergo
CLND. The authors concluded that these results further validate the ongoing, pend-
ing results of the Multicenter Selective Lymphadenectomy Trial II (MSLT-1I).

MSLT-1I is a phase III multicenter, randomized trial of SLNB followed by CLND
or SLNB followed by observation for node-positive melanoma (Clinicaltrials.gov,
NCT000297895). Because most patients with SLN positive disease have no addi-
tional nodal involvement, this suggest that nodal metastasis may be limited to only
1 or 2 sentinel nodes and that SLNB may be therapeutic as well as diagnostic. The
underlying hypothesis of MSLT-II is that CLND can be avoided in most patients
with SLN metastasis. Enrollment of a planned 1925 subjects began in 2005. SLN
positive patients are randomized to CLND or ultrasound observation (+ delayed
CLND if recurrence is detected) and are followed for 10 years with a primary out-
come measure of melanoma-specific survival. The results from this large clinical
trial will hopefully provide valuable insight and demonstrate the true impact of
CLND for node-positive melanoma.

When to Consider Ilioinguinal (Deep) versus Inguinal
(Superficial) LND

For metastasis to the inguinal lymph nodes, disagreement exists about the extent of
surgical dissection required. Specifically, whether a superficial (inguinal) groin dis-
section is sufficient or whether a combined superficial and deep (ilioinguinal) LND
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is necessary. Arguments against performing a deep groin dissection are valid as com-
plication rates after combined superficial and deep groin dissection have been
reported to be as high as 50 % [88]. Furthermore, several studies support the argu-
ment that ilioinguinal metastatic involvement represents more systemic disease and
an aggressive surgical approach or the extent of surgery may not have an impact on
outcome [89, 90]. Conversely, others support the routine surgical practice of per-
forming deep pelvic LND as there is no difference in OS for involved versus negative
deep pelvic nodes. These supporters maintain that metastatic pelvic nodal disease
behaves as stage III disease rather than stage IV disease [91]. A recent survey dem-
onstrated that only 30 % of melanoma surgeons routinely perform ilioinguinal lymph
node dissection [92]. These issues demonstrate some of the uncertainty and lack of
uniformity of when to perform a deep lymphadenectomy for ilioinguinal disease.
Several issues are central to the discussion of when to perform a deep pelvic
lymphadenectomy for metastatic disease to the groin. Preoperative lymphoscintig-
raphy of the lower extremity for SLNB will at times identify selective drainage to
the pelvis. This may represent drainage via separate lymphatic channels or second-
echelon lymph node drainage from superficial groin nodes. Kaoutzanis and col-
leagues reviewed their experience of 82 patients over a 3-year period that underwent
SLNB of the groin, pelvis or both [93]. Of the 82 patients, 19 (24 %) had positive
SLNSs. Eleven patients underwent pelvic SLNB, none of which had a positive node.
Pre-operative lymphoscintigraphy identified that for primary tumors located below
the knee, pelvic nodes appeared to be second level nodes. For primary tumors
located on the thigh/trunk, lymphoscintigraphy identified individual tracks draining
directly to the pelvis. The complication rate was higher following SLNB in the pel-
vis but was not statistically significant when compared with SLNB of the groin
alone. Soteldo and authors of the European Institute of Oncology (Milan, Italy)
reviewed their experience for patients who underwent pelvic SLNB or developed
recurrent pelvic disease after a negative inguinal SLNB [94]. One hundred four
patients with stage I/Il melanoma with primary tumors of the lower extremity or
trunk underwent SLNB and were found to have hot spots both in the superficial
(groin) and deep (iliac-obturator) areas during dynamic lymphoscintigraphy. Of the
104 patients, 21 patients (20 %) had a positive SLNB and all underwent superficial
and deep inguinal dissection. Three patients who underwent ilioinguinal dissection
were found to have positive pelvic lymph nodes. Two patients (2.4 %) who were
initially SLN negative developed pelvic recurrence. With a 60-month follow up, the
DFS was 69 % for SLN-negative patients and 53 % for SLN-positive patients,
which was not significant (p=0.15). Chu and colleagues from Emory University
reviewed a single-surgeon experience of 40 patients with positive inguinal SLNB
who underwent 42 complete inguinopelvic lymphadenectomies [95]. The median
Breslow thickness was 2.3 mm and 79 % had lower extremity primaries. Five
patients (11.9 %) had synchronous pelvic disease. All five cases with pelvic metas-
tases had extremity primaries (4 distal, 1 proximal). Three of the five patients (60
%) had >3 total involved inguinal lymph nodes. The inguinal node ratio (ratio of
positive to total number inguinal lymph nodes retrieved) was >0.2 in 80 % of cases
with pelvic disease compared to 8.6 % of cases without pelvic disease (p=0.002).
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The authors noted that more involved inguinal LNs and inguinal ratio >0.2 appear
more likely to harbor pelvic disease. The impact of lymph node ratio provides prog-
nostic information, with a lower ratio as a marker for better outcome [96, 97].
Karakousis evaluated the prognostic significance of drainage to pelvic nodes at SLN
mapping in 325 patients with melanomas of the lower extremity or buttocks [98].
Drainage to pelvic nodes (DPN) was identified in 23 % of cases and associated with
increased Breslow thickness (p=0.007) and age (p=0.01) on multivariate analysis.
Patients with DPN were not more likely to have a positive SLN. The pelvic recur-
rence rates were similar in patients with recurrence with DPN compared to those
without DPN (39 % in both groups, p=NS). SLN negative patients with DPN
showed a shorter time to melanoma recurrence in a multivariable analysis model
when considering tumor thickness and ulceration (p=0.002) but marginally when
age was included (p=0.08).

Management of clinical (palpable) lymph node metastasis to the groin consists
of a superficial and deep inguinal lymphadenectomy. In practice, however, some
perform only a superficial or inguinal groin dissection and forego performing an
ilioinguinal (deep) dissection. Proponents of this approach only perform a com-
bined superficial and deep inguinal lymphadenectomy when multiple positive nodes
are involved in the groin or the evidence of pelvic nodal involvement as identified
on computed tomography (CT) imaging [99]. The Dutch reported their experience
on 169 melanoma patients with palpable groin metastases [100]. Of the 169 patients,
121 underwent combined (superficial and deep) groin dissection and 48 underwent
superficial groin dissection (SGD). Patients were clinically diagnosed by CT, fine-
needle aspiration and/or ultrasound (US). In general, patients with palpable nodes
underwent CGD. The indication for SGD was surgeon preference. Thirty patients
(24.8 %) who underwent CGD for palpable groin metastasis had involved deep
pelvic nodes. CGD patients had significantly more patients with large superficial
nodes (>3 cm) than SGD patients (70.8 % vs 50 %, p=0.002), more harvested
superficial lymph nodes (15 nodes vs 8 nodes, p<0.001) and lower superficial
lymph node ratio (11 % vs 20 %, p=0.0004). There was no difference in morbidity
rates between groups, although patients undergoing CGD did have a trend toward
more chronic lymphedema. There was no difference in local control rates, DFS or
OS between SGD or CGD patients. CGD patients with involved deep lymph nodes
(24.8 %) had an estimated 5-year OS of 12 % compared with 40 % without involved
deep lymph nodes (p=0.001). The authors noted that survival and recurrence do not
differ between patients with palpable groin metastases who are treated by CGD or
SGD. They suggest that patients without iliac nodes on CT may undergo SGD and
CGD reserved for patients with multiple positive nodes on SGD or deep nodes evi-
dent on CT imaging. Authors from the National Institute of Cancer in Naples, Italy
also came to similar conclusions [101]. One hundred thirty-three patients under-
went superficial and deep groin dissection for melanoma groin metastasis (84 had
clinically positive inguinal nodes at diagnosis, 49 patients had tumor-positive SLN).
None of the 133 patients had clinical evidence of involvement of deep lymph nodes
at initial staging with CT or US. Of the 49 patients with a positive SLNB, 3 (6.1 %)
had evidence of disease in deep nodes and 27/84 (20.3 %) with clinically positive
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inguinal nodes had positive deep nodes identified. The 5-year DFS and melanoma-
specific survival was significantly better for patients with superficial lymph node
metastasis than both superficial and deep lymph nodes, respectively (34.9 % vs 19
%, p=0.001 and 55.6 % vs 33.3 %, p=0.001). Metastasis to the deep nodes was
found to be the strongest predictor of DFS and melanoma-specific survival. The
authors commented that a deep groin dissection should be considered for all patients
with clinical nodal involvement but may be spared in patients with only a positive
sentinel lymph node.

NCCN recommendations for performing an ilioinguinal dissection are category
2B, noting that the risk of pelvic LN involvement is increased when there are more
than three superficial LNs involved, when the superficial nodes are clinically posi-
tive, or when Cloquet’s node is positive [90, 102]. The decision to perform a super-
ficial inguinal or a deep pelvic lymph node dissection is patient-specific and requires
a discussion of risks and benefits between counseling physicians and their patients.
A multicenter, randomized clinical trial would be required to more adequately
address which patients with groin nodal metastasis (either clinical or identified on
SLNB) may safely undergo superficial inguinal dissection and forego deep pelvic
lymphadenectomy.

Minimally Invasive Management of Regional Nodal Metastasis

One of the more recent technical advances in the field of melanoma has been the
minimally invasive approach to inguinal lymphadenectomy for nodal metastasis.
The rationale to pursue other alternatives to open lymphadenectomy originates from
the desire to minimize associated wound-healing complications. Open inguinal
lymphadenectomy, while offering excellent regional control, is associated with
chronic lymphedema and in the short-term with wound healing complications, skin
flap loss and seroma rates as high as 50 % [103—105]. Bishoff et al. were the first to
investigate the use of endoscopic technology for metastatic groin disease for squa-
mous cell carcinoma of the penis [106]. Sotelo subsequently reported no wound-
related complications observedinaseries of 14 minimally invasive lymphadenectomies
for penile carcinoma [107]. Delman and colleagues were the first to address the
feasibility of minimally invasive groin dissection for melanoma [108]. Five patients
underwent minimally invasive lymphadenectomy with a median operative time of
180 min (median Breslow thickness 3 mm, three patients had ulceration). An aver-
age of ten lymph nodes were harvested (4—13) and the median duration of drain
usage was 8 days. One patient with clinical nodal metastasis underwent minimally
invasive superficial groin dissection and open deep pelvic dissection (surgeon prefer-
ence). Two patients developed cellulitis and no wound dehiscence was observed.
Two recurrences were observed: one distant (patient with clinical lymphadenopathy
who underwent deep pelvic LND) and one in-transit. The authors concluded that
minimally invasive lymphadenectomy is feasible in melanoma as demonstrated by
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nodal yield and may reduce complication rates/wound dehiscence and obviate the
need for sartorius muscle transposition.

The same authors subsequently published their initial experience with video-
scopic inguinal lymphadenectomy (VIL) in 32 patients who underwent 45 VIL pro-
cedures [109]. A variety of disease processes including extramammary Paget’s
disease, neuroendocrine, genitourinary and melanoma diseases were treated.
Median nodes collected was 11 (range 4-24), the largest of which was 5.6 cm in
size. Wound complications were observed in eight cases (18 %) and included: cel-
lulitis (6), seroma (1) and diabetic-associated skin flap necrosis (1) which was man-
aged conservatively.

Other centers have since validated the utility of minimally invasive inguinal
lymph node dissection (MILND) for metastatic melanoma [110]. Abbott and col-
leagues from two separate academic centers performed 13 MILND cases and retro-
spectively compared them with 28 patients who underwent open inguinal LND
(OILND). They were able to demonstrate a decreased wound dehiscence rate, hos-
pital readmission rate and hospital length of stay in patients who underwent MILND
compared to traditional OILND. Lymph node harvest was also greater for those
who underwent MILND compared with OILND (11 vs 8, p=0.03). The authors
commented that MILND offers an equivalent lymphadenectomy while minimizing
the severity of postoperative complications, but suggested that further research is
needed to determine if oncologic outcomes are similar. Martin et al. recently
reported updated oncologic outcomes for patients undergoing VIL for metastatic
melanoma [111]. Forty VIL patients were compared to a retrospective cohort of
open superficial inguinal lymphadenectomy patients and outcomes reviewed. The
median follow up was 19.1 months versus 33.9 months, respectively. There were no
differences in demographic or histologic features between groups. The lymph node
yield was similar (12.6 nodes vs 14.2 nodes, p=0.131) as was overall recurrence
rates (27.5 % vs 30 %, p=0.81) between groups. Analysis of wound complications
including infection, skin necrosis and seroma, patients undergoing VIL had
markedly less morbidity (47.5 % vs 80 %, p=0.002). While median survival was
not reached in the VIL group, on Kaplan-Meier estimates, there was no difference
in DFS or OS between groups. The authors concluded that, when compared with
open inguinal lymphadenectomy, VIL is associated with similar oncologic out-
comes with reduced wound complications and may be the preferred method of
inguinal lymphadenectomy for metastatic melanoma.

Others have begun to explore the use of minimally invasive techniques to address
deep pelvic node involvement [112]. While this methodology has been well
described for gynecologic and urologic malignancies, it has previously not been
addressed for melanoma. Sohn and colleagues reported on the robot-assisted use of
pelvic lymphadenectomy for metastatic melanoma [113]. The authors report two
case reports of isolated metastatic melanoma who successfully underwent robot-
assisted pelvic lymphadenectomy for isolated, pelvic metastases. The authors noted
that patients were safely managed without complication and robot-assistance pro-
vides excellent visibility and minimum morbidity.
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As refinements in the technique and surgeon experience increases with the tech-
nology, additional results will emerge. The long-term impact and oncologic outcome
for patients undergoing minimally invasive metastatectomy for melanoma remains
to be determined and will require a randomized clinical trial to clarify this issue.

Surgical Management of Distant Metastatic Melanoma

The prognosis for patients with distant melanoma metastasis is poor. The median
OS is in the range of 7-8 months with a 5 year survival of less than 5 % [114, 115].
Surgery is rarely considered as primary treatment, except in situations of palliation
or symptomatic metastases, and rarely for curative intent. Primary treatment of
stage IV metastases has been reserved to systemic chemotherapy, immunotherapy,
biochemotherapy, intralesional therapy, radiation or any combination of these.
Unfortunately, complete cures are rarely observed and these therapies have been
unable to successfully prolong survival. Dacarbazine (DTIC) was approved by the
Food and Drug Administration (FDA) over 30 years ago for the treatment of stage
IV melanoma. DTIC demonstrates a response rate of approximately 20 % with a
median duration of response of 5-6 months and complete responses observed in less
than 5 % of patients [116]. Combining DTIC with other agents such as BOLD
(bleomycin, vincrisitine, lomustine and DTIC), CVD (cisplatin, vinblastine and
DTIC) and the “Dartmouth Regimen” (cisplatin, carmustine, DTIC and tamoxifin)
demonstrated initially higher response rates but with no improvement in overall
survival [117-119]. Interleukin-2 (IL-2),a biologic agent FDA approved for meta-
static melanoma, offers a response in up to 16 %, but with a median response of less
than 6 months for responders and a median survival of 11.4 months [120]. The addi-
tion of interferon-alpha to IL-2 and/or biochemotherapy (multi-agent chemother-
apy + biologic modifiers), while demonstrating favorable initial response rates, does
so at the expense of increased toxicity with a failure to demonstrate an improvement
in overall survival [121-123].

Mestatectomy for Stage 1V Disease

The role of the surgeon has historically been limited to occasional complete resec-
tion of solitary visceral metastasis or for palliative resection of symptomatic metas-
tases. While the role of surgical resection for stage IV melanoma has been greatly
debated, it should still be considered a viable potential treatment modality in the
multidisciplinary management of metastatic melanoma. Although most patients
succumb from disease involving multiple organ sites, the majority of patients ini-
tially present with distant disease limited to only a single-organ site [11, 124]. Early
surgical intervention offers the potential for eradication of distant disease and
patients with fewer sites of disease are more likely to benefit from surgical
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resection. Median survival for involvement of a single-organ site is approximately
29 months; this drops to 14 months if >4 sites are involved [125, 126]. Numerous
reports of long-term survivors have been reported following resection for stage [V
disease with survivors observed beyond 10 years [127—-129]. Patients in good over-
all health who have limited disease and respond favorably to medical (non-surgical)
approaches are more likely to benefit from aggressive resection [125, 126].
Furthermore, several studies have demonstrated a survival benefit to repeat resec-
tion of recurrent stage IV metastases [128].

The most common sites of melanoma metastasis are the lung, skin, lymph nodes,
brain, liver and gastrointestinal tract. Survival decreases as metastasis progress from
skin/subcutaneous to visceral-sites. Surgical resection of distant metastases can
extend survival. Resection of skin or subcutaneous metastases, for instance, can be
associated with excellent results with median survivals of 24 months [128]. It is
important to resect metastases early, before they become bulky or symptomatic. A
margin of 1 cm is generally adequate to minimize local recurrences. Distant lymph
node metastases should be managed with complete dissection of the affected basin.
Additional treatment alternatives to surgical resection include: hyperthermic iso-
lated limb perfusion, isolated limb infusion, topical therapy or intralesional therapy
for dermal metastases.

Patients with pulmonary metastases tend to survive longer than those with other
visceral metastases. Complete resection may extend median survival to 28 months
[126]. Unfortunately, most patients present with multiple, bilateral metastases. This
underscores the importance of proper patient selection for potential candidates for
pulmonary metastectomy [130]. In patients undergoing resection of isolated pulmo-
nary metastases, complete resection, prolonged disease-free interval, <2 pulmonary
nodules, prior chemotherapy and lack of lymph node involvement are associated
with improved survival [131].

Gastrointestinal (GI) metastases often originate from a cutaneous primary and
present with widespread metastases. Without surgery, the median survival is only
5-11 months [132]. Sanki and colleagues reported on 117 patients who underwent
surgical resection of GI melanoma metastases, 63 % for therapeutic intent, 37 % for
palliative indications [133]. The most common symptoms were anemia and bowel
obstruction. The overall 5-year survival was 27 % and, on multivariate analysis, the
presence of residual intra-abdominal disease and presence of non-GI metastases at
the time of surgery were the most significant prognostic indicators of survival. The
authors of the John Wayne Cancer Institute reported on 124 patients with GI metas-
tases [134]. Sixty-nine patients (55 %) underwent exploration: 66 % curative resec-
tion, 34 % for palliative indications. They reported that 97 % of patients experienced
postoperative relief of their presenting GI symptoms. The median disease-free inter-
val prior to development of GI tract metastasis was 23 months. The median survival
for patients undergoing curative resection was 49 months versus only 5 months for
those undergoing palliative procedures or no surgery at all. Complete resection of
the GI tract metastases and the GI tract as the initial site of distant metastasis were
the two most important prognostic factors for long-term survival. These studies
demonstrate that, in appropriately selected patients, curative resection is possible
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and can be associated with long-term survival. Metastectomy has also been described
for other organ-specific sites including: liver [135], central nervous system [136],
genitourinary [137], skeletal system [138] and others [139-141].

The treatment of metastatic melanoma changed dramatically in 2010 with the
discovery of ipilimumab and vemurafenib. Ipilimumab, a human monoclonal anti-
body which inhibits cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), was
evaluated in phase III clinical trial for unresectable stage III or stage IV melanoma
(MDX010-20) [13]. When administered at 3 mg/kg with glycoprotein 100 vaccine
(gp100), the median overall survival was 10.0 months compared to 6.4 months for
patients receiving gp100 alone (p <0.001). Vemurafenib (PLX4032), a potent inhib-
itor of mutated BRAF, demonstrated response rates of more than 50 % in patients
with metastatic melanoma with the BRAF V600E mutation in phase I and II clinical
trials [14, 142]. A phase III randomized clinical trial was performed comparing
vemurafenib with dacarbazine in 675 patients with previously untreated, metastatic
melanoma with the BRAF V600E [15]. The OS was 84 % at 6 months in the vemu-
rafenib group and 64 % in the dacarbazine group. Based on these results, these two
agents, as well the subsequent agents dabrafenib (BRAF inhibitor) and trametinib
(MEK inhibitor), were approved for the treatment of unresectable, metastatic mela-
noma. Several new agents, including anti-programmed death 1 (anti-PD1) antibod-
ies, are currently undergoing investigation in phase III clinical trial [75-77].

Dramatic recent advances have changed the treatment paradigm for the manage-
ment of patients with metastatic melanoma and the eagerly awaited results of ongo-
ing phase III trials of combinations of targeted or immunologic agents will certainly
have an impact on future treatment. For the first time ever, advances in the medical
management of stage IV melanoma have begun to approach or even exceed the best
results observed with surgical resection. While surgical resection will continue to
have a role for symptomatic disease and/or resectable metastases, it is possible that
with ongoing research and advances, the role of surgery may diminish in the future
for patients with asymptomatic stage IV melanoma.

Conclusion

The surgical management of melanoma has continued to evolve over the last several
decades. The results of randomized clinical trials that have progressively shaped our
understanding of the appropriate margins of excision, the role of sentinel lymph
node biopsy and therapeutic lymphadenectomy for metastatic disease. The role of
the surgeon-scientist has been instrumental in the design and implementation of
several of these clinical trials and has been integral to our understanding and current
management of melanoma. Ongoing results of these studies will continue to pro-
vide valuable insight and have a future impact on the surgical management of this
complex disease. Moving forward, randomized clinical trials will be necessary to
definitively address unanswered questions such as the impact of a 1 cm vs 2 cm
margin for melanoma excision and the use of SLNB for thin/thick melanoma.
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Newer targeted therapies will continue to be investigated and have an increasing
role in the multimodality management of metastatic melanoma. As molecular pro-
filing and the identification of higher-risk individuals improves, the role of adju-
vant, targeted therapy for early stage node-negative disease will also certainly be
addressed. Our hope is that this review adequately addresses several issues involv-
ing the surgical management of melanoma and will lead to further clinical trial
development and, ultimately, treatment recommendations for melanoma.
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Peritoneal Carcinomatosis
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Introduction to Peritoneal Carcinomatosis

The intraabdominal dissemination of neoplasm to the peritoneal surface is referred
to as peritoneal carcinomatosis or peritoneal surface disease (PSD). PSD represents
localized metastasis that may occur as the initial presentation or as recurrent disease
in a number of intraabdominal neoplasms including appendiceal, colon, ovarian,
and gastric carcinomas, as well as peritoneal mesothelioma and sarcomas (Table 1).
This seeding and subsequent spread may occur secondary to spontaneous tumor
rupture or tumor disruption during the initial resection. Intraperitoneal free tumor
cells then preferentially deposit on peritoneal surfaces, the diaphragm, and the small
bowel mesentery (Fig. 1). As dictated by the aggressiveness of the origin tumor, the
number, size, and distribution of the individual tumor deposits on peritoneal sur-
faces vary greatly. For many causes of PSD, the disease may remain contained in
the abdomen, with modest risk of extra-abdominal metastasis. This regional pattern
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Table 1 Sources of Malignancies causing peritoneal surface disease (PSD)
peritoneal surface disease

Primary Peritoneal
Mesothelioma

Locoregional metastasis

Appendiceal
Colon

Ovarian

Gastric

Small bowel

Sarcoma

Distant metastasis

Breast
Other

Fig. 1 Intraoperative image of peritoneal surface disease. Patient’s head is at left. Note the large
tumor nodules throughout the omentum, which is held in the surgeon’s hand

of recurrence makes aggressive therapy in the abdomen with cytoreduction an
attractive therapy for many patients with PSD.

In most cases, peritoneal carcinomatosis is diagnosed incidentally during surgi-
cal exploration, evaluation of abdominal pain, or on radiographic imaging for other
indications. Unfortunately, these patients have a dismal prognosis without treatment,
with median survival reported between 3 and 7 months [1]. This chapter describes
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the staging, treatment, and current patient outcomes in peritoneal carcinomatosis as
well as controversies in the management of this disease.

Staging of Peritoneal Surface Malignancies
Imaging

The most commonly used imaging modality for both diagnosis and preoperative
evaluation is contrast enhanced computed tomography (CT) scan of the chest, abdo-
men, and pelvis. The first objective evaluation of this modality in 1993 by Sugarbaker
and colleagues demonstrated an overall sensitivity of 79 % in detecting peritoneal
lesions [2]. In that study, sensitivity was lowest in the pelvis and decreased with
decreasing tumor volume, with a sensitivity of only 28 % obtained for tumor nod-
ules less than 5 mm in size. Although CT technology has progressed since 1993, the
sensitivity for gross detection of peritoneal lesions remains similar, with more
recently described overall sensitivity of detection rates of 60-76 % [3]. Again, the
sensitivity of CT scans is highly dependent on implant size, with sensitivities of
upwards of 94 % for nodules >5 cm in size [4]. Despite its shortcomings, CT is
appropriate for the detection of solid organ involvement, retroperitoneal spread,
overall operability, and prognosis, making it the continued imaging modality of
choice [5, 6] (Fig. 2).

Magnetic resonance imaging (MRI) with both oral and intravenous contrast has
been reported to have an overall sensitivity of detection of peritoneal implants of
between 84 and 100 % [7, 8]. In many patients with peritoneal surface malignancies,

Fig. 2 Contrast enhanced
computed tomography of a
patient with large volume
pseudomyxoma peritonei.
Tumor encases the lateral
liver and porta hepatis.

A smaller amount of
disease is deposited on the
spleen. With kind
permission from Springer
Science + Business Media:
Surgical Oncology,
Cytoreductive Surgery and
Hyperthermic
Intraperitoneal
Chemotherapy, 2015,
Randle RW et al.,

Figure 27.2
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prior operative management makes MRI a poor imaging modality as it cannot discern
between postoperative scar and peritoneal implants, resulting in a high false positive
rate in this group of patients [9]. Overall, the increased cost, time, and lack of prog-
nostic significance of MRI have not made it a preferred imaging choice for PSD.

The role of positron emission tomography (PET) in patients with peritoneal surface
dissemination is mainly to detect extra-abdominal disease in planning treatment.
Sensitivity is reported at approximately 10 % in low volume disease. Unlike contrast
CT, which has a specificity of >90 %, PET specificity remains approximately 42 % in
patients with low volume disease [10, 11]. In addition, not all histological subtypes of
carcinomas that present as diffuse PSD have sufficient glucose uptake of 18F-
FDG. Despite these shortcomings, PET may be warranted to rule out extra-abdominal
disease in patients being considered for aggressive surgical therapy. PET imaging is
of limited utility for patients with low grade appendiceal disease [12].

Staging

Given the aforementioned findings, the two primary staging algorithms are based
on CT scan and operative findings. The Peritoneal Carcinomatosis Index (PCI) is
the most widely used staging system for peritoneal carcinomatosis. This system
divides the abdomen into nine regions and the small bowel into four regions. A
score is assigned to each region based on the amount of tumor present. A score of 0
(no tumor), 1 (tumor up to 0.5 cm), 2 (tumor up to 5 cm), or 3 (tumor >5 cm) is
applied to each region and the scores for the 12 regions are then tabulated to give a
final score [13] (Fig. 3). The PCI has become the most widely cited scoring system
as it can be used both pre and postoperatively, and correlates with likelihood of
complete resection and prognosis [14—16]. The Gilly Carcinomatosis Staging Scale
is an alternative staging system with scoring ranging between Stage 0 to Stage 4
[17]. Stage O is applied for patients with no macroscopic disease, Stage 1 designates
localized tumor implants less than 0.5 cm in diameter, Stage 2 disease represents
non-localized tumor implants less than 0.5 cm, Stage 3 identifies implants 0.5-2
cm, and Stage 4 represents any implants greater than 2 cm in diameter. As with the
the PCI, higher stage correlates with worse prognosis [18-20].

Surgical Staging

Laparoscopic staging has been suggested as a more sensitive form of staging than the
imaging modalities above over the last 10 years. Denzer et al. conducted a comparison
of CT scan versus “minilaparoscopy” in the detection of peritoneal surface malignan-
cies. They reported that diagnostic laparoscopy detected PSD in 100 % of the treated
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Lesion
Abdominal Regions Diameter*
0 Central
1 Right Upper
2 Epigastrium
3 Left Upper
4 Left Flank
5 Left Lower
oY 6 Pelvis
J 7 Right Lower
8 Right Flank
Small Bowel Regions
9 Proximal Jejunum
10 Distal Jejunum
11 Proximal lleum

L 12 Distal lleum
TOTAL (PCI):

*no lesions — 0, <0.5cm — 1, 0.5 to 5em — 2, >5cm -3

Fig.3 Schematic for calculating the peritoneal carcinomatosis index (PCI) staging system. Scores
based on lesion size for each of nine abdominal regions plus four small bowel regions are added
together to reach the PCI. With kind permission from Springer Science + Business Media: Surgical
Oncology, Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy, 2015, Randle
RW et al., Figure 27.3

cases, whereas only 47.8 % had been revealed by a CT scan previously performed on
the same patients [21]. Taking this further, Valle and colleagues described the use of
2-3 port video laparoscopy in assessing PCI and resectability in 97 patients [22]. They
reported that 16/97 (16 %) patients presented with disease that was deemed unresect-
able based upon laparoscopic staging, while two patients were under-staged by lapa-
roscopy. They also noted that while there was no tumor seeding of the trocar sites,
there was a 2 % superficial soft tissue infection of the trocar sites. This study, however,
did not include evaluation of preoperative CT scans to assess whether all of the
enrolled patients would have been eligible for laparotomy by radiographic criteria.
This question was more directly addressed by Pomel and colleagues in an assessment
of 11 patients of uncertain resectability [23]. Laparotomy was avoided in three patients
(27 %); one patient was deemed to have completely resectable disease at laparoscopy
could not be completely debulked (9 %); and seven patients underwent successful
resections (63.6 %). On the other hand, 20 % of patients who went directly to
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laparotomy in their comparative study could not undergo a complete resection. Based
on these limited studies, it remains to be determined whether laparoscopy has a role in
determining staging and potential resectability in patients for whom imaging is incon-
clusive. At present, the use of laparoscopy remains an area of controversy.

Current Treatment Modalities

Currently, the best management of patients with peritoneal surface disease remains
an area of debate. Options for treatment include systemic chemotherapy, surgical
debulking alone, or surgical debulking with adjuvant intraperitoneal chemotherapy.
These approaches are described below.

Cytoreductive Surgery with Hyperthermic Intraperitoneal
Chemotherapy (CRS/HIPEC)

Surgical resection is recommended for removal of the primary lesion, and perito-
neal debulking is undertaken for disseminated peritoneal surface disease. The cyto-
reduction procedure removes macroscopic tumor deposits but if microscopic
disease is not addressed, traditionally 90 % of patients developed disease progres-
sion and death, typically from bowel obstruction. In 1980 a method of combining
debulking surgery with heated intraperitoneal chemotherapy was first described
[24]. The administration of cytotoxic chemotherapy directly into the peritoneal cav-
ity has been shown to achieve higher local concentrations at the site of disease than
could be achieved systemically [25]. The addition of heat was found to be synergis-
tic with the chemotherapy [9]. As a complete technique, CRS/HIPEC targets both
macroscopic and microscopic disease.

The surgical technique involves both the cytoreduction and the perfusion step.
Cytoreduction is the key intervention, and is undertaken in a manner similar to explor-
atory laparotomy. If still in place, the primary lesion is removed as well as any
involved organs. Tumor deposits are then stripped from peritoneal surfaces, including
the abdominal wall and diaphragm. Bowel and organ resection may be undertaken if
the peritoneum is unable to be stripped. Anastomoses can be performed prior to or
following HIPEC, while stomas are created following the chemoperfusion. Following
cytoreduction, perfusion is performed by either a closed abdomen or open or “coli-
seum” technique. Inflow and outflow catheters are placed through the abdominal wall
and connected to the heat exchanger and pump of the perfusion circuit. In the closed
technique, the abdomen is temporarily closed with a running watertight suture. In the
open or coliseum approaches, a temporary plastic sheet is sewn onto the abdomen.
Perfusion is generally maintained for 30—120 min dependent on the individual cen-
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Table 2 Comparison of cytoreductive surgery scoring systems

Completeness of cytoreduction (CC)
Residual disease (cm) Residual disease (R) status score
0 RO-Negative margins on final | CC-0: No visible disease
pathology following cytoreduction
R1-Positive margins on final
pathology
0.25 R2a CC-1
0.5 CC-2
>0.5-2 R2b
>2-2.5 R2c
>2.5 CC-3

ter’s protocol for the tumor type. Following perfusion, the cannulas and/or plastic
sheet are removed, stomas created if required, and the abdomen is closed.

The goal of CRS/HIPEC is complete surgical removal of macroscopic disease
and chemical destruction of microscopic disease by the chemotherapeutic agent.
Disease-free progression and survival have been correlated with the completeness
of resection, as judged by the surgeon. Two classification systems are utilized in the
reporting of the completeness of resection in both clinical documentation and
research. The R status of resection (from the AJCC staging manual) or the CC score
for completeness of cytoreduction can be used as shown in Table 2. Complete cyto-
reduction of all macroscopic disease is designated as RO or R1 on the R scale and
CC-0 on the CC scale. RO versus R1 allows the distinction of negative versus posi-
tive margins on pathology. R2 resection or >CC-0 indicate residual macroscopic
disease. Regardless of the origin of the tumor, the resection status is the main inde-
pendent predictor of survival across multiple studies [26-31].

In addition to resection status, patient factors prior to surgery have a significant
impact on overall survival. Preoperative performance status is a significant prog-
nostic factor. Patients with ECOG scores of O or 1 have been shown to have better
outcomes after CRS/HIPEC then those with scores of 2 or 3. For example, in one
study of patients with PSD from a variety of primaries, median survival was 21.7
months with an ECOG of 0-1 and 9.5 months with ECOG 2-3 [32].

Many chemotherapeutic agents have been utilized for intraperitoneal chemo-
therapy. At present, the most widely utilized agents are oxaliplatin and mitomycin
C. A prospective randomized controlled trial of these two agents is ongoing for
appendiceal cancer at Wake Forest University and should complete accrual in 2015.
Randomized trials for intraperitoneal chemotherapeutic agents are otherwise lack-
ing in this setting, and agents have historically been chosen based on large molecu-
lar weight conveying an ability to achieve higher intraperitoneal concentrations with
low systemic absorption and associated toxicities.



192 M.L. Bryan et al.
Systemic Chemotherapy

Peritoneal surface disease represents a unique challenge for systemic chemotherapy.
It has long been understood that the permeability of the peritoneal cavity to many
systemic chemotherapy drugs is less than the plasma clearance, therefore allowing
little of the systemically delivered drug to reach the PSD tumor nodules [33-35]. The
capacity of the peritoneal cavity to serve as a barrier to drug transport is thought to lie
mainly in the transport properties of the blood capillary wall and interstitial matrix
[36]. This is supported by the fact that surgical peritonectomy of the peritoneal mem-
brane itself does not alter intraperitoneal concentrations of chemotherapeutic agents
[37]. Given this information, it is not surprising that the clinical response of patients
with PSD to systemic chemotherapy is modest at best. As will be discussed below, the
most widely studied patients with PSD undergoing systemic chemotherapy are those
with PSD from colorectal carcinoma (CRC). In this select group, median survival is
approximately 19-22 months with modern systemic chemotherapy combined with
biologics, with 5 year survival rates <5 % [38, 39]. The role of systemic chemother-
apy, if applicable, will be discussed within each disease specific section below.

Overview of Peritoneal Carcinomatosis of Select Cancers

Appendiceal Neoplasms

Epithelial neoplasms of the appendix represent a rare disease and are estimated to
be diagnosed in approximately 1 % of all appendectomy specimens [40]. Those not
diagnosed in appendectomy specimens often present late with peritoneal surface
disease due to the nonspecific nature of appendiceal neoplasm symptoms. In perito-
neal surface disease, the lumen becomes obstructed by tumor, which is often mucin
producing, and subsequent rupture leads to peritoneal dissemination.
Pseudomyxoma peritonei, or malignant mucinous ascites, develops in approxi-
mately 10 % of patients with an epithelial appendiceal neoplasm. In those who
develop PSD, patient prognosis correlates with pathologic classification. At present,
two potential pathologic classification schemes exist, indicating an area of contro-
versy. The system proposed by Ronnett et al. in 1995 is a staging system consisting
of three categories; Diffuse peritoneal adenomucinosis (DPAM) consisting of low-
grade tumors with low numbers of mitotic figures and cytologic atypia; peritoneal
mucinous carcinomatosis (PMCA) consisting of high-grade tumors and character-
ized by atypia and more prominent mitotic figures; and, PMCA-I/D marked by
intermediate or discordant features [20]. A subsequent study showed that indeed,
these categories correlated with both 5 and 10-year survival. Survival for patients
with DPAM (75 %, 68 %) was significantly better than that for PMCA-I/D (50 %,
21 %) or PMCA (14 %, 3 %) [41]. More recently, the group at Wake Forest has
proposed a two-tiered classification system based upon a pathologic review of 101
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patients with mucinous ascites related to primary appendiceal tumors. The 5-year
survival for DPAM and PMCA-I/D was found to be similar, at 68 % and 61 %,
respectively. PMCA, however, was associated with a statistically significant 5-year
survival of 37 % (p=0.004) [42]. Based upon this information, the two categories
proposed were low grade mucinous carcinoma peritonei (MCP-L) and high-grade
mucinous carcinoma peritonei (MCP-H). Low grade mucinous carcinoma
encompasses DPAM, PMCA I/D, and well differentiated variants of mucinous ade-
nocarcinoma. High grade mucinous carcinoma includes PMCA, histologically
moderate or poorly differentiated adenocarcinoma, and cases with signet ring cell
components. Categorizing PSD from appendiceal tumors into two categories has
remained more consistent with response to CRS-HIPEC as well [43]. Approximately
16 % of low grade lesions are thought to dedifferentiate into higher-grade lesions
during the course of the disease [44].

Despite their rarity, outcomes from appendiceal neoplasms have been extensively
studied due to their role as the classic indication for CRS/HIPEC. A 2008 consensus
statement from the Fifth International Workshop on Peritoneal Surface Malignancy
supported CRS/HIPEC as the standard of care for perforated appendiceal tumor with
PSD, based on a review of the evidence [45]. Due to the rarity of this entity, random-
ized studies have not been undertaken directly comparing cytoreduction versus CRS/
HIPEC. Cytoreduction alone is known to confer a significant survival benefit. Gough
et al. reported 5 years and 10 years survival rates of 53 % and 32 % respectively with
serial debulking alone [46]. While no direct comparisons exist, studies investigating
survival post CRS/HIPEC have shown 5 year survival rates ranging from 60 to 97 %,
with a recent study reporting a 15-year survival rate of 59 % [42, 47-50].

The importance of cytoreduction is emphasized by the fact that the extent of
the resection is a large factor in the wide range of survival rates. In a series of
481 appendiceal carcinoma patients, the extent of cytoreduction was indepen-
dently associated with survival (p<0.001) with median survival times of 175
months, 73 months, 29 months, and 17 months for R0/1, R2a, R2b, or R2¢ resec-
tions, respectively [51]. This significant correlation of RO/1 resection with
increased survival correlates with findings from other studies [50, 52]. The wide
range of survival percentages also indicates that survival is likely not dependent
on surgery alone, but with multiple patient factors. The largest retrospective
study to date on CRS/HIPEC for appendiceal cancer was a recent large multi-
institutional study involving 2298 patients from 16 institutions. Multivariate
analysis from this study indicated that preoperative PCI score, prior chemother-
apy, PMCA histopathologic subtype, incomplete debulking, major (Grade 3, 4)
post operative complications, and not including HIPEC were predictors of
shorter progression-free survival [29].

The role of perioperative systemic chemotherapy in appendiceal carcinoma
remains an area of controversy. An initial study by Sugarbaker and colleagues eval-
uated 34 patients with PMCA and found a 29 % histopathologic response after 3—6
months of FOLFOX with or without bevacizumab [52]. However, they found that
there was no overall survival advantage to neoadjuvant chemotherapy (p=0.56) in
this same population of patients in a follow-up study [53]. Not surprisingly, how-
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ever, patients who had a histopathological response to neoadjuvant therapy had a
significant survival advantage (median survival NR) versus those who did not
(median survival 29.5 months, p=0.034). In addition, perioperative chemotherapy
was associated with a lower preoperative PCI (p=0.003) and decreased number of
visceral resections (p<0.001), but not with completeness of resection (p=0.78) or
complications (p=0.16). This study excluded patients with low grade disease
(MCP-L), classified as DPAM or PMCA I/D. In contrast Chua et al. performed a
registry review which implicated prior chemotherapy in the setting of CRS/HIPEC
was associated with poorer progression free and overall survival [31]. Our group
studied both MCP-L and MCP-H patients and found no improvement in median
progression free survival (PFS) in patients with MCP-L treated with perioperative
chemotherapy versus those not (29.5 months vs 37 months, p=0.18). In those
patients with MCP-H, postoperative chemotherapy was associated with longer PFS
(13.6 months, p<0.01) than preoperative chemotherapy (6.8 months) or CRS/
HIPEC alone (7 months, p=0.03) [54].

Modern chemotherapy may offer modest benefit in patients with unresectable
disease. Similar to the histopathologic response reported in surgical patients,
Farquharson et al. reported that 38 % of patients with unresectable PSD from appen-
diceal carcinoma experienced a reduction in ascites or stabilization of disease with
systemic chemotherapy consisting of mitomycin ¢ and capecitabine [55]. Shapiro
et al. additionally reported a 55.6 % total disease control rate in patients deemed
unresectable and receiving at least two cycles of systemic chemotherapy. Disease
control included complete response, partial response, and stabilization of disease in
this study [56]. While CRS/HIPEC remains the standard of care in appropriate sur-
gical patients, in patients deemed suboptimal candidates for surgical resection, sys-
temic chemotherapy offers an option for potential disease and symptom control.
Further, it clearly has a role in high grade appendiceal cancer with PSD.

Colorectal Cancer (CRC)

Colorectal cancer is the third most common cancer in the United States. Despite the
significant improvements in systemic chemotherapy, CRC continues to have high
rates of recurrence. While the liver and lung remain the most common sites of recur-
rence, peritoneal surface disease (PSD)is the only site of recurrence in up to 25 % of
patients [56]. In a retrospective study of 3019 patients with CRC, Jayne et al.
reported peritoneal surface disease in 349 (13 %) patients. The majority of the
patients (214 out of 349) had synchronous metastasis and 58 % of that subset having
PSD as the only site of metastasis [57].

PSD from CRC, like those from other primary tumors, was traditionally consid-
ered a terminal disease, all too frequently approached with therapeutic nihilism.
PSD from CRC has been shown to be somewhat responsive to chemotherapy.
Franko et al., compared outcomes of patients with PSD from CRC enrolled in two
prospective randomized trials of chemotherapy with those of non-peritoneal meta-
static CRC [58]. Both the median overall survival (12.7 months versus 17.6 months)
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and progression-free survival (5.8 months vs 7.2 months) were inferior for PSD
compared to non-peritoneal metastasis for CRC. However, this survival was a
marked improvement from the median 6-month survival for PSD noted in the
EVOCAPE-1 trial, and it is noteworthy that approximately 3 % of patients were
alive 5 years after diagnosis [1]. Furthermore, it substantiated the role of CRS/
HIPEC in improving outcomes for PSD from CRC.

The only randomized trial comparing outcomes of CRS/HIPEC with systemic
chemotherapy for PSD from CRC was reported in 2003 [59]. The trial involved 105
patients with PSD from CRC randomly assigned to either systemic chemotherapy
(5-fluorouracil and leucovorin) or CRS/HIPEC with the same chemotherapy. After
a median follow-up of 21.6 months, the median survival was 12.6 months in the
systemic chemotherapy arm versus 22.3 months in the CRS/HIPEC arm (p=0.032).
A more recent update of the study, after a median follow-up of 8 years, reported
superior progression-free survival (p=0.020) as well as disease-specific survival
(»=0.028) in the CRS/HIPEC group [60]. Although this study was criticized for the
use of 5-fluorouracil and leucovorin as the systemic chemotherapy regimen instead
of the now more standard FOLFOX regimen and for including some appendiceal
cancers in the cohort, the significant difference in (the more than doubled) survival
related to CRS/HIPEC could not be denied. A subsequent retrospective study by
Franko et al. showed that, for best outcomes, CRS/HIPEC should be used in con-
junction with systemic chemotherapy and not in lieu of it [61]. Encouraged by the
solid evidence, a multi-institutional consensus statement was issued by an interna-
tional peritoneal surface group, delineating the treatment algorithm for PSD from
CRC with particular emphasis on CRS/HIPEC in 2007 [62].

Since that landmark trial, several studies/centers have reported their outcomes
with CRS/HIPEC for CRC-related PSD [63]. Glehen et al. reported a median sur-
vival of 19 months after median follow-up of 53 months with 5 year survival of
31 % in a multi-institutional study involving 506 patients from 28 international
centers [64]. Several other studies have corroborated these improved outcomes
associated with CRS/HIPEC [65, 66]. Based on these encouraging results, a multi-
institutional consensus statement was issued proposing guidelines regarding the
indication and technique of CRS/HIPEC for PSD from CRC [67].

Similar to outcomes of CRS/HIPEC for other primary malignancies, several prog-
nostic factors have been identified for PSD from CRC. These include completeness
of cytoreduction/residual disease (R) score, performance status of the patient and
PCI score. The impact of PCI score on outcome of PSD for CRC is particularly well
documented. Sugarbaker showed a 50 % 5-year survival for PCI< 10 which dropped
to 20 % for PCI between 11 and 20. There were no survivors after 5 years amongst
patients with PCI >20 [68]. The PCl is also related to the completeness of cytoreduc-
tion scores (R or CC); with the PCI and cytoreductions scores being inversely related.

Progressively improving outcomes associated with CRS/HIPEC for PSD for CRC
has encouraged more aggressive surgical approaches in quest of even better out-
comes. Although synchronous resection of liver metastasis at the time of CRS/
HIPEC for PSD from CRC was initially noted to have negative prognostic value,
subsequent studies have shown similar outcomes for CRS/HIPEC with and without
liver metastatectomy. Chua et al. reported a 2-year survival rate of 68 % in the non-
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liver metastatic group versus 65 % for the liver metastatic group after complete cyto-
reduction/metastatectomy [69]. Their results are consistent with studies from Elias
et al. and Kianmanesh et al. both of which showed no difference in survival between
the two groups [70, 71]. At the 5th International Workshop on Peritoneal Surface
Malignancy, it was recommended that in carefully selected patients it was feasible
and potentially beneficial to perform CRS/HIPEC with simultaneous metastatec-
tomy provided there were three or fewer liver metastases [69, 72]. This presumed
that all hepatic lesions were resected or ablated at the time of surgery and that the
hepatic resections/ablations could be performed without lobar hepatectomy.

Ovarian Neoplasms

Epithelial ovarian cancer (EOC) affects approximately 22,000 women annually in
the United States, resulting in approximately 15,000 deaths per year [73]. Despite
advances in treatment, 5 year survival rates for women with advanced cancer remain
less than 50 %. The presenting symptoms of EOC may remain vague and thus diag-
nosis is often at a late stage. Advanced disease is often confined to the peritoneal
cavity, with PSD being a substantial clinical problem in these women [74].

Munnell’s early description of the benefit of “maximum surgical effort” in EOC
patients belays the early history of cytoreduction [75]. In his 1968 report, he showed
survival benefit for cytoreduction in EOC patients with intraperitoneal disease,
which we would now refer to as PSD. Since that time, the definition of “maximum
surgical effort” in EOC has evolved. While standards of CRS for EOC at one time
called for removal of all disease to <2 cm dimension of the largest lesion, this has
now evolved to a standard of <1 cm [76, 77]. A large meta-analysis of 6885 patients
found maximal cytoreduction to be an independent predictor of survival among
patients with stage III or IV ovarian carcinoma [78].

While CRS is accepted as standard of care, the role of CRS/HIPEC in EOC
remains debated. Randomized clinical trials have shown the benefit of the addi-
tion of intraperitoneal chemotherapy to CRS. Armstrong et al. randomized 415
patients with Stage III ovarian cancer who had undergone maximal CRS to <1 cm
to receive either IV paclitaxel and cisplatin or IV paclitaxel with intraperitoneal
cisplatin. The addition of intraperitoneal cisplatin was associated with longer pro-
gression free survival (23.8 months vs 18.3 months, p=0.05) and overall survival
(65.6 months vs 49.7 months, p=0.03) [79]. While this study referred to catheter
based early post-operative intraperitoneal chemotherapy (EPIC), studies have
also reviewed the role of CRS/HIPEC in EOC. A systemic review of CRS/HIPEC
outcomes for PSD from ovarian cancer included 19 studies and was published in
2009 by Chua et al. [80]. They found a wide range of reported outcomes, with 5
year survival ranging from 12 to 66 %. Despite prior descriptions of increased
Grade 3/4 complications with intraperitoneal cisplatin, peri-operative morbidity
(0—40 %) and mortality (0—10 %) were similar to that reported for CRS/HIPEC in
other cancers.
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Unlike other PSD of gastrointestinal origin, systemic chemotherapy plays a more
important role in EOC. Initial response of EOC to platinum based chemotherapy is
often high (>60 %), but development of platinum resistance is all too common [81].
The benefit of CRS has been shown in multiple studies, therefore the current
approach is CRS followed by adjuvant therapy with a combination platinum and
taxane regimen [82]. However, whether to approach chemotherapy from a neoadju-
vant or adjuvant standpoint with CRS has been debated. Several studies have
attempted to address this question. A randomized study of 632 patients with Stage
IIIC and IV ovarian cancer showed no difference in overall survival between those
who were assigned to initial CRS followed by chemotherapy, versus those undergo-
ing neoadjuvant chemotherapy and interval CRS (hazard ratio for death 0.98, CI
0.84-1.13) [83]. Proponents of neoadjuvant chemotherapy site benefits such as pre-
operative improvement in performance status and reduced CRS leading to lower
morbidity [84, 85]. At present, this remains a topic of ongoing trials.

Diffuse Malignant Peritoneal Mesothelioma (DMPM)

DMPM is a rare but locally aggressive malignancy that arises from the serosal lin-
ing of the peritoneum. It is rapidly fatal, if left untreated, with median survival of
less than 1 year [86]. The aggressive tumor biology and late presentation both con-
tribute to the dismal prognosis. Its presenting symptoms are also vague such as
abdominal pain and weight loss leading to delayed diagnosis. Fortunately, however,
DMPM has an annual incidence of only 300—400 cases in the US [87]. Unlike pleu-
ral mesothelioma, DMPM is not as strongly linked to asbestos exposure and is
broadly divided into three main subtypes. Epithelioid subtype is the most prevalent
and has the best prognosis, while biphasic and sarcomatoid variants are less com-
mon but have worse outcomes [88, 89]. It is noteworthy that we are unaware of a
single long term survivor in the literature from a sarcomatoid subtype and we do not
offer cytoreduction and HIPEC to these patients.

Like other peritoneal malignancies, DMPM has a poor response to systemic che-
motherapy as well as radiation therapy. If left untreated, it has OS of 4-12 months
[90]. However, systemic chemotherapy with the combination regimen of cisplatin and
pemetrexed has shown to marginally improve median OS to 10-26.8 months, and is
the only FDA approved regimen for the disease [91, 92]. In the context of the poor
response of DMPM to most modalities of treatment, CRS/HIPEC has emerged as an
important modality to significantly extend survival in patients with DMPM. It is
important to mention, however, that, unlike CRC, there are no randomized trials com-
paring systemic chemotherapy with CRS/HIPEC for DMPM. In a multi-institutional
registry study involving leading HIPEC centers of the world, CRS/HIPEC for DMPM
was associated with median survival of 53 months with 3- and 5-year survivals of 60
% and 47 %, respectively [93]. Similar to HIPEC for other tumor types, 31 % of
patients developed significant peri-operative morbidity while the peri-operative mor-
tality was 2 %. Similarly, a recently published meta-analysis involving 1047 patients
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showed 1-, 3- and 5-year survivals of 84 %, 59 % and 42 %, respectively [92].
Sugarbaker, et al. took this a step further and reported 3- and 5-year survival of 60 %
and 52 %, respectively for iterative CRS/HIPEC in patients with DMPM [94].

Prognostic factors associated with improved outcomes in DMPM include epithe-
lioid subtype, negative lymph nodes, completeness of cytoreduction and HIPEC
[91]. The results of an Italian study epitomized the significance of complete cytore-
duction in DMPM. Forty-four percent of the 108 patients in the study were alive 7
years after undergoing complete cytoreduction and HIPEC [93]. In the presence of
complete cytoreduction, the study identified other prognostic clinicopathological
variables including epithelioid subtype, negative lymph nodes and <10 % Ki-67
positive cells.

With respect to intraperitoneal chemotherapy, mitomycin and cisplatin, used
alone or in various combinations, have been the two most common chemotherapy
agents used for DMPM [95, 96]. Recent data point to a survival benefit with
cisplatin-based therapy. Wake Forest University compared outcomes of cisplatin
with mitomycin and showed a trend toward improved disease-free and progression-
free survival with cisplatin [97]. Alexander et al. subsequently showed statistically
significant improvement in survival with cisplatin-based intraperitoneal chemother-
apy [28]. Results of a meta-analysis by Johnston et al. also confirmed better 5-year
survival with cisplatin-based chemotherapy [92]. Importantly, however, whether
cisplatin is used alone or in combination regimen, remains a matter of institutional
preference.

The role of perioperative chemotherapy for DMPM, like appendiceal cancer,
remains controversial. Based on evidence of a 26 % partial response rate of DMPM
to combination regimen systemic chemotherapy of cisplatin and pemetrexed, a
consensus statement recommended induction systemic chemotherapy for patients
not deemed suitable for immediate cytoreduction and adjuvant systemic chemo-
therapy for patients considered high-risk for post-operative failure [98]. A recent
study from an Italian group, however, showed no survival benefit for chemotherapy
at the induction or adjuvant stage [99]. Most centers currently reserve systemic
chemotherapy for patients unable to undergo cytoreduction and/or patients who
recur after it.

Quality of Life

In conditions such as PSD in which the median survival is measured in months, the
consideration of quality of life in the choice of therapeutic regimen becomes para-
mount. Peritoneal surface disease itself is associated with a significant decrease in
functional status. CRS/HIPEC may improve some quality of life factors, but bring
with it new issues such as: wound healing, ostomy, bowel changes due to resections,
exacerbation of comorbid conditions, and complications with a morbidity rate of
approximately 40 % in most studies. Over the years since CRS/HIPEC introduction,
multiple studies have been designed to determine the effect of CRS/HIPEC on
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patient quality of life. A recent study of 216 patients post CRS/HIPEC found that
quality of life was decreased at 3—6 months postoperatively, but returned to (or sur-
passed) baseline at 1 year [100]. Statistically significant determinants of quality of
life were found to be; origin of PSD (3 months), presence of stoma (6 and 12
months), length of surgery >270 min (12 months), and recurrence (12 months).
Increased length of surgery may be associated with increased PCI and attendant
morbidity and likelihood of a bowel resection requiring stoma. This is in agreement
with prior studies which indicate that despite an initial impairment in quality of life,
there is improvement over starting baseline QOL in long term survivors [101, 102].
One report shows similar findings to those cited above, with decreased well-being
scores at 3—12 months, but goes further in investigating depression symptoms,
which were found to persist at 12 months [103]. Another indicates that in those
surviving greater than 12 months, scores of physical impairment remain lower than
the general population, but those indicating mental components were higher than
the general population. Though, at greater than 12 months the majority of patients
(56 %) reported continued sleep disturbances [104].

Together these studies indicate the need for multifaceted cancer care including
psychosocial support in following patients with PSD. Given the early impairment of
quality of life following CRS/HIPEC, the choice to pursue this surgery must be
weighed against the potential for cure. The studies above and others indicate that in
long term survivors, there is a statistical increase in QOL. This would indicate that
in PSD from carcinomas in which CRS/HIPEC carries a high chance for cure such as
low grade appendiceal lesions, there may be benefit. In those with lower probability
of cure, the benefits and risks must be explicitly discussed with the patients, allowing
them to factor in the information above on QOL. Follow up of patients who are long
term survivors should include screening for sleep disturbances and depression.

Conclusions

* Peritoneal surface disease represents a form of regional metastasis that may
occur as the initial presentation or as recurrent disease for a number of intra-
abdominal neoplasms.

e The peritoneal cavity presents barriers to effective systemic chemotherapy,
requiring unique treatment strategies win patients with peritoneal surface dis-
ease, such as CRS/HIPEC.

e Outcomes differ for treatment depending on the origin of the cancer, but all
require a multidisciplinary approach combining surgery and medical therapy.

e Patients with good performance status and resectable peritoneal disease should
be considered for cytoreductive surgery and HIPEC.

e Cytoreductive surgery and HIPEC should be administered with systemic chemo-
therapy (except for low grade appendiceal carcinoma and mesothelioma) and not
in lieu of it.
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