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The idea for a volume covering those aspects of oncology most relevant to the
general surgeon arose when the ACOI (Italian Association of Hospital
Surgeons) assigned to me the presidency of the XXXIInd national congress.

This book therefore aims to identify and describe the treatment options for
malignancies that are most frequently adopted in general surgery departments,
with emphasis on the most innovative and efficient procedures. While, given
the importance of financial constraints, issues of cost-effectiveness are not
neglected, our main concern has been to approach the topic in a way that will
enable new generations of surgeons to apply rapidly emerging techniques and
technologies with confidence. Moreover, a multidisciplinary, integrated
approach has been emphasized that also involves medical and radiation oncol-
ogists, radiologists, and other specialists.

This textbook has been made possible by the fruitful cooperation of lead-
ing Italian surgical teams who play a key role in the various fields of surgical
oncology. All of them have demonstrated that they are able to follow a broad
multidisciplinary approach in the treatment of cancer patients, which is a sine
qua non for achievement of the best therapeutic outcome.

Our colleagues and friends have also participated enthusiastically in this
project. We feel a deep gratitude for their efforts and their intense research. In
addition, we would like to thank the staff of Springer Verlag, who have followed
and assisted us in our work step by step with outstanding professionalism. 

Personally, I wish to thank my coeditors, Ferdinando Agresta, Jacopo
Martellucci, and, last but not least, Carlo Bergamini, who has again been a
source of strength in bringing this latest project to successful fruition.

Florence, May 2013 Andrea Valeri
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1.1 Introduction

The overall 5-year survival of patients with cancer of the esophagus submit-
ted to resection is 15–34%. Most patients who undergo radical esophagecto-
my relapse during the course of their disease. In recent years, there has been
a growing interest in neoadjuvant treatments, which have produced better
results in comparison with adjuvant protocols. There is clear evidence sup-
porting chemoradiotherapy (CRT) for cancers of the esophagus. CRT gives a
high rate of complete response (CR), and some researchers have questioned
the role of surgery in cases of CR. This has led to trials on definitive chemora-
diotherapy (dCRT). These experiences have produced a growing indication
for a very demanding procedure: salvage surgery.

Resection of esophageal cancers carries a high rate of morbidity. Efforts
have been made in recent years to verify if the application of minimally inva-
sive surgery in this field could be advantageous in reducing the rate of mor-



bidity (especially in terms of respiratory complications). Also, in recent years,
increasing numbers of patients have been selected for endoscopic treatment for
early cancers. 

The aim of this chapter is to give on overview on these topics (neoadjuvant
and adjuvant treatment, dCRT and salvage surgery, minimally invasive surgery
and endoscopic resection) in the treatment of esophageal neoplasms. 

1.2 Therapeutic Strategies in Esophageal Cancer 

Surgery is considered the treatment of choice for patients with localized
esophageal cancer in terms of locoregional control and long-term survival.
However, 5-year survival in significantly influenced by nodal involvement: 5-
year survival for patients who undego radical resection for N+ cancers is
≈25% [1]. Surgery alone is considered inadequate for patients with advanced
cancers (T3, N+ and, according to some oncologists, also for T2 esophageal
cancers). An increasing number of patients with esophagogastric cancer are
treated with preoperative chemotherapy (CT) or CRT.

1.2.1 Neoadjuvant Treatment

The aim of neoadjuvant treatment is to increase the number of R0 resections,
to eradicate micrometastases, and to decrease the dissemination of cancer cells
during surgery without affecting postoperative morbidity and mortality [2]. In
addition, the radio-sensitizing properties [3] of certain chemotherapeutic
agents and the increased oxygenation of undisturbed tissue in the tumor bed
enhance the effects of perioperative radiotherapy (RT) [4]. 

The standard option for patients with localized esophageal cancer, based on
the results of several randomized trials, is CRT followed by surgery, A random-
ized trial [5] comparing preoperative CRT, based on cisplatin and 5-fluorouracil
(5FU) versus surgery alone demonstrated an increase of survival in patients treat-
ed with neoadjuvant therapy (3-year overall survival (OS) 32% versus 6%). A
similar result was obtained in the Cancer and Leukemia Group B (CALGB) 9781
study [6]. Even though the study was closed prematurely for poor accrual, the
results demonstrated a survival advantage for patients treated with neoajuvant
treatment. That is, a median survival of 4.48 versus 1.79 years in favor of CRT
(exact stratified log-rank, p=0.002) with a 5-year survival of 39% for CRT fol-
lowed by surgery versus 16% for surgery alone. The Preoperative Chemotherapy
or Radiochemotherapy in Esophagogastric Adenocarcinoma Trial (POET) study
[7] randomized patients with locally advanced adenocarcinoma of the gastro-
esophageal junction (GEJ) to CT or CRT followed by surgery. Although the
study was stopped early and statistical significance was not achieved, the results
indicated a survival advantage for preoperative CRT (3-year OS 47.4% versus
27.7%, p=0.07). Moreover, patients in the CRT group had a significantly higher
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rate of pathologic CR (15.6% vs 2.0%) or tumor-free lymph nodes (LNs; 64.4%
versus 37.7%); the rate of postoperative mortality was higher in this group of
patients but the difference was not significant (10.2% versus 3.8%, p=0.26). 

A recent phase-III trial [8] compared CRT (carboplatin and paclitaxel and
radiotherapy) plus surgery (178 patients), with surgery alone (188 patients) in
patients with squamous cell carcinoma (SCC) or adenocarcinoma of the esoph-
agus. An R0 resection was achieved in 92% of patients in the CRT group
comapared with 69% in the surgery group (p<0.001). The rate of pCR was
29%. OS was significantly better in these patients (hazard ratio (HR), 0.657
(0.495–0.871, p=0.003). Postoperative complications and deaths carried a sim-
ilar rate in the two treatment groups. The most recent phase-III trials [9-11]
demonstrated that cisplatin based neoadjuvant CT increased the number of R0
resections in patients with adenocarcinoma of the lower esophagus and GEJ
compared with surgery alone. In the MRC Adjuvant Gastric Infusional
Chemotherapy Trial (MAGIC) [9], gastric adenocarcinoma and GEJ adenocar-
cinoma were assigned randomly to three perioperative and three postoperative
cycles of ECF (epirubicin, cisplatin and fluorouracil) CT (250 patients) or sur-
gery alone (253 patients). With respect to the latter, the perioperative CT group
had a higher likelihood of OS (HR, 0.75; 0.60–0.93, p=0.009) and 5-year sur-
vival (36% versus 23%). Moreover, the Fédérale Nationale des Centres de
Lutte Contre Le Cancer (FNLCC) ACCORD 07/FFCD 9703 phase-III study
[10] demonstrated that neoadjuvant CT with cisplatin and 5FU improves OS
(HR, 0.69; 0.50–0.95, p=0.02), 5-year survival (38% versus 24%) and curative
resection (84% versus 73%) in stomach adenocarcinoma and GEJ locally
advanced adenocarcinoma. A similar benefit was also shown in the OEO2
Allum trial [11] with a HR of 0.84 (0.72–0.98, p=0.03) and a 5-year survival
of 23% versus 17.1%, in the CT setting for adenocarcinoma and SCC. A recent
meta-analysis [12] involving 9 trials for 1981 patients confirmed the benefit of
neoadjuvant CT in terms of OS with a HR of 0.87 (0.79–0.96; p=0.005) com-
pared with surgery alone. Four meta-analyses [3,13–15] provided strong evi-
dence for a survival benefit of neoadjuvant CRT or CT over surgery alone.
However, a clear demonstration of the advantage of one stratery compared
with the other was lacking.

1.2.2 Adjuvant Treatment

Two trials in the 1980s demonstrated that adjuvant radiotherapy does not elic-
it any benefit in patients submitted to resection for cancer of the esophagus.
Data on adjuvant CT or CRT are limited except for adenocarcinoma of the
lower esophagus and GEJ. Although multiple clinical trials [16–20] did not
show significantly longer OS, several meta-analysis [21–24] suggested a small
relative (12–28%) reduction in the risk of death for esophageal and GEJ ade-
nocarcinoma after adjuvant CT, with an absolute survival benefit of 3–7%. In
the US Southwest Oncology Group/Intergroup (SWOG) 9008/INT 0116 trial
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[25], 556 patients with resected gastric or GEJ (≈20%) adenocarcinoma were
randomly assigned to surgery plus 5FU and leucovorin postoperative CRT or
surgery alone. The median OS was longer after complementary CRT (36
months) than after surgery alone (27 months) with a HR for death of 1.35
(1.09–1.66, p=0.005) and a HR for relapse of 1.52 (1.23–1.86, p<0.001).
Although the study by Macdonald et al. elicited positive results, ≈54% of
patients underwent a less than D1 resection. Hence, adjuvant CRT could have
compensated for insufficient surgery. Three phase-III trials [26–28] on SCC
that compared adjuvant CT with surgery alone did not find any benefit in OS.
The most recent study among them demonstrated an advantage for 5-year dis-
ease-free survival (DFS) for CT compared with surgery alone (55% versus
45%, p=0.037), but did not demonstrate any significant difference in OS (61%
versus 52%, p=0.13). Five-year survival in patients with LN-positive disease
was 52% versus 38% (p=0.041). It appears that adjuvant CT should be
reserved for patients with lymph-node metastases. 

In conclusion, there is evidence of an advantage for preoperative CT for
esophageal cancer independent from histology. However, this evidence is
stronger for adenocarcinoma, which should be treated with preoperative and post-
operative CT. Although a meta-analysis and a recent phase-III trial suggested that
preoperative CRT confers survival benefit, it is not clear which patients (based on
stage, tumor location, histology) will benefit most this treatment. Moreover, the
rate of postoperative mortality seems to be increased after this treatment. Data on
adjuvant CT/CRT are limited, except for lower esophageal/GEJ adenocarcinoma
treated with limited surgery (LN dissection D1 and less) [29].

1.2.3 dCRT

The postoperative rate of mortality for radical esophagectomy is high, ranging
from 5.7% to 14%, except in high-volume and dedicated treatment centers.
CRT gives a rate of CR of 25–40% depending on tumor stage. Therefore,
dCRT has gained interest among oncologists: dCRT is a treatment protocol of
combined chemotherapy (mainly consisting of cisplatin and 5-FU) and a radi-
ation total dose of 50–60 Gys, whereas the radiation dose in a neoadjuvant set-
ting is ≈40–45 Gys. 

Traditionally, dCRT has been used in patients with cancer of the cervical
esophagus (where surgery includes laryngectomy and loss of phonation), in
advanced cancers of the thoracic esophagus (either with extended involvement
of the LNs) or with non-resectable disease (T4b)) or in patients who are unfit
for surgery.

Phase-II trials that investigated the results of CRT alone demonstrated a
rate of local control of 40–75%, with a median OS of 12.5–40 months and 3-
year survival of 13–37% [30]. More than 70% of patients with a CR after CRT
have a complete pathological response, so whether all patients who undergo
CRT should also undergo surgery is controversial. 
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Two randomized studies have been published comparing dCRT with neoad-
juvant CRT, and one further study has addressed the comparison between
dCRT and surgery alone [1, 7, 29, 31]. dCRT did not give improved survival
in comparison with individuals who had undergone resection. However, the
rate of morbidity of these treatments was significantly higher for patients
undergoing dCRT, even though the mortality (which was mainly postopera-
tive) was significantly higher in resected patients. 

The multicenter trial reported by Bedenne and coworkers demonstrated
that the addition of surgery to CRT for locally advanced SCC of the esophagus
may give mainly improved local control at the expense of a higher post-treat-
ment rate of mortality [32].

However, a study on a series of patients submitted to esophagectomy for
ypT0N0M0R0 in high-quality centers demonstrated that survival and local
control were better in patients submitted to surgery, which raised the question
of the “quality control” of surgery [33]. Quality of life (QoL) also seems to be
improved in in patients treated with surgery compared with patients receiving
dCRT [34].

We know that it is very difficult to be sure that a complete clinical response
equals a complete pathological response, and accurate predictors of post-treat-
ment response are, at the moment, lacking. 

It has also been demonstrated that the pure costs of a therapeutic treatment
for cancer of the esophagus (surgery, multimodal therapy or dCRT) are influ-
enced significantly by post-treatment complications, which increase costs by
between 9% and 25% [35]. Limiting the rate of treatment-related morbidity is
clearly a major factor in controlling costs. 

In the absence of level-I evidence to base the decision for the treatment of
cancer of the esophagus, it appears that the results of different therapeutic
approaches for this cancer are influenced significantly by the postoperative
rate of mortality and morbidity in terms of clinical results (survival) and costs.  

Therefore, it is crucial that these patients have the treatment and care deliv-
ery of their choice in centers that can offer a low rate of morbidity and mortal-
ity. Several studies have shown that one parameter that appears to be related
to postoperative mortality is hospital volume.

In conclusion, it is thought that patients with resectable tumors (apart those
with early neoplasms) should receive neoadjuvant CRT. Elderly or surgical
high-risk patients who have achieved a complete clinical response might be
considered for dCRT and be submitted to intensive observation. 

1.2.4 Salvage Esophagectomy

It is estimated that 40–60% of patients submitted to dCRT will manifest persist-
ent or recurrent neoplasms within 1 year. Salvage esophagectomy is carried out
after concurrent dCRT (with a protocol that involves >50 Gy) and is selective-
ly indicated for isolated local failures and recurrences, or for treatment-related
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complications. Salvage surgery is usually taken into consideration for patients
with cancer of the cervical esophagus or for subcarinal cancers. For cancers of
the upper thoracic esophagus, the likelihood of direct invasion to neighboring
organs is very high and radical resection is seldom possible (Table 1.1)

Surgery after dCRT results in a high rate of morbidity and mortality. Table
1.1 reports the results of some Japanese works comparing the results of sal-
vage surgery with trimodal therapy or surgery alone [36–38].

Salvage surgery results in a high rate of postoperative respiratory and anas-
tomotic complications. The postoperative rate of mortality is significantly
higher compared with other treatment strategies. One multivariate analysis has
shown that dCRT is an independent factor associated with these complications.
The main reasons for postoperative mortality are graft necrosis, anastomotic
leaks, perioperative hemorrhage, acute distress respiratory syndrome, and tra-
cheobronchial necrosis.

It has been demonstrated that the rate of morbidity and mortality for sal-
vage surgery is increased significantly if patients receive a total radiation dose
>55 Gy. In the series reported by D’Journo et al., [39] hospital mortality
increased from 14% to 30% in patients receiving more than this radiation dose,
and surgical complications increased from 28% to 60%.  

The dose and quality of radiotherapy, therefore, influence significantly the
results of salvage surgery. 

Radiotherapy also influences the rate of anastomotic leaks. Previously,
irradiated tissues may have a compromised the blood supply, which would not
promote good anastomotic healing.

Other factors that seem to be associated with the high rate of complications
for salvage surgery are malnutrition and immunosuppression. Preoperative
treatments seem to induce a significant reduction of immunological parame-
ters such as the activity of natural killer cells and total lymphocyte count.
Frequently, patients who are candidates for salvage surgery are malnourished
with high preoperative weight loss and low albumin levels. Both factors can
lead to a high rate of complications. The role of immunonutrition in patients
undergoing multimodal treatment to counteract these negative parameters
needs to be evaluated.  

When dealing with salvage surgery, there are some technical aspects that
might act as protective measures for ischemic tracheobronchial lesions and for
pulmonary complications during esophagectomy. Care should be taken to pre-
serve the right posterior bronchial artery whenever possible; dissection around
the airways should be very carefully managed; and neck dissection should be
minimized as much as possible to preserve the blood supply from the inferior
thyroidal artery to the trachea [40].

Median survival after salvage esophagectomy has been reported to vary
between 7 months and 25 months, with 5-year survival between 0% and 37%
[38]. Some parameters appear to influence survival after salvage surgery. The
most important is prediction of R0 resection: in case of R1–2 salvage surgery, no
survival is reported beyond 13 months. In this respect, Triboulet et al. [41] report-
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ed that criteria for R0 prediction are tumor length <5 cm and limited aortic cov-
erage. Other parameters that favorably influence survival are recurrent instead of
persistent disease and a longer free interval compared with earlier relapse.

In conclusion, it appears that salvage esophagectomy is technically feasi-
ble but at the expense of a high rate of morbidity and mortality. However, it
may be the only established treatment strategy that offers any chance of long-
term survival. Due to the high rate of complications and results in terms of sur-
vival, it should be attempted only if R0 resection is deemed possible. The
selection of patients for salvage esophagectomy should be very meticulous.
Among selected patients, 5-year survival of ≤25% can be achieved. The selec-
tion and treatment of patients forf salvage surgery should be undertaken only
in referral centers. 

1.2.5 Minimally Invasive Esophagectomy (MIE)

R0 surgery represents the “gold standard” multimodal treatment of tumors of
the esophagus because it offers the best chance of cure even though
esophagectomy (despite the significant technical improvements and advances
in surgical technique and perioperative management) is associated with signif-
icant morbidity and mortality. Minimally invasive surgery has been developed
to reduce the complications related to esophagectomy, especially respiratory
diseases (which represent the main cause of mortality). Although minimally
invasive surgery for esophageal cancer started in the early 1990s, debate con-
tinues regarding its safety, efficacy, and benefits (contrary to the situation, for
example, with colorectal surgery). Thus, in recent years, minimally invasive
surgery for esophageal cancer has spread worldwide. However, this spread has
been slower compared with other laparoscopic and thoracoscopic procedures,
mainly due to the technical difficulties that this surgery entails and the lack of
consensus in the literature. The reason for this is multifactorial and based on
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Table 1.1 Results of some Japaneses work comparing the results of salvage surgery with trimodal
therapy or surgery alone [9–11]

n. Compl Pulm Anast M

Morita 
[36]

Surgery alone
Preoperative CRT
Salvage surgery

253
197
27

24,5%
40,1%
59,3%

9,9%
14,7%
29,6%

13%
23,4%
37%

2,4%
2,0%
7,4%

Miyata 
[37]

Preoperative CRT
Salvage surgery

112
33

22%
33%

22%
39%

4%
12%

Tachimori 
[38]

No/Preoperative
Salvage surgery

553
59

20%
32%

25%
31%

2%
8%

Compl, complications; Pulm, pulmonary complications; Anast, anastomosis; M, mortality.



the relative rarity of esophageal tumors (which limits randomized studies) and
the great variety of minimally invasive surgical approaches more or less asso-
ciated with traditional surgery. A recent international survey involving 269
surgeons indicated that 78% of them continued to favor open approaches, 14%
indicated a preference for minimally invasive resection, and 8% had no pref-
erence [42]. What emerges from numerous studies is that MIE is definitely a
time-consuming process, as confirmed by the meta-analyses of Butler et al.
[43] and Watanabe et al., [44] with a steep learning curve, but with a signifi-
cant reduction in blood loss. In these studies, the percentage of conversion dif-
fers widely and is closely dependent on the experience of the surgeon, so in
high-volume centers the rate of conversion is 0–7.3% [45–48], whereas in
low-volume centers it is 10–36% [43,49,50]. In the meta-analysis of Butler et
al., [43] the median mortality in total minimally invasive transthoracic
esophagectomy was 1% (range, 0–6.5%), and in minimally invasive trans-
hiatal esophagectomy (THE) it was 0% (range, 0–4.6%). The rate of mortality
of MIE was similar to that for open surgery in the meta-analysis of Nagpal et
al. [51] (p = 0.26) and in the meta-analysis of Uttley et al. [52], in which mor-
tality was 2.4% for MIE and 3.8% for open surgery. The possible role of MIE
in the reduction of morbidity in general and for respiratory complications in
particular has been investigated by many retrospective and prospective studies
as well as meta-analyses (Table 1.1). In particular, the meta-analysis of Nagpal
et al. [51], which took into account 12 studies involving 672 patients (MIE and
hybrid mininvasive esophagectomy [hMIE]) compared with 612 patients (open
esophagectomy [OE]), showed a reduction of morbidity, including respiratory
complications (p = 0.04). However, the same authors pointed out that there
may be a bias in the analysis related to the inclusion of studies involving THE.
Conversely, in the meta-analysis of Watanabe et al. [44], 10 of the 17 retro-
spective cohort studies did not show substantial differences in respiratory
complications. Many authors [46,53–55] believe that the prone position (PP)
could reduce pulmonary complications and have technical and physiological
advantages. Regarding the former, certainly the visualization of anatomical
structures is better because the lungs do not obscure the surgical field, even
with one-lung ventilation. Moreover, the esophagous does not lie in the most
declivous portion of the chest and is not obscured by overlying blood. Trauma
to the lung is also reduced because it does not need to be retracted; the surgeon
operates in a plane parallel to the camera with a similar view to that enabled
by abdominal laparoscopic surgery. Finally, mobilization of the esophagus and
lymphadenectomy become easier, especially at the level of the aortopulmonary
window and close to the recurrent nerve, also on the left side. The undoubted
physiological advantage in the prone position is the ability to operate without
the excluded lung or a partially desufflated lung, thereby avoiding the pul-
monary insufflation and desufflation that causes the release of mediators of
inflammation and, even if not clinically tested [56], could be responsible for
respiratory complications. The limits of the PP are an increase in operating
time, and the difficulty in conversion to thoracotomy in case of massive bleed-
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ing. Only one randomized trial between MIE carried out in the PP and open
surgery has been published, by Biere et al. [57]. They studied 115 patients ran-
domized to an open esophagectomy or total MIE in the PP and esophagogas-
tric anastomosis in the neck. Pulmonary infections in the first 2 weeks were
29% in the open group and 9% in the minimally invasive group (p = 0.005%).
The rate of anastomotic leaks and re-operation was greater for minimally inva-
sive surgery (7% vs. 4%, p = 0.390 and 14% vs. 11%, p = 0.641 respectively),
whereas the rate of vocal-cord paralysis was higher in the open group (14% vs.
2%, p = 0.012). The duration of hospital stay was shorter in the MIE group
compared with the open group (14% vs. 11 days, p = 0.044).

The goal of surgery is to obtain an R0 resection. Since the advent of min-
imally invasive surgery there has been a debate as to whether this approach
could be similar for open surgery for oncological outcomes. Some studies
have focused on the margins of resection, lymph-node retrieval as well as
short- and long-term survival. In the meta-analysis of Butler et al., [43] the
positive resection margins have been reported in 0–14% of cases. Martin et al.
[58] reported that 13.9% (5/36 patients) of patients, who underwent a
transthoracic three-stage esophagectomy had involved margins. In the study
of Smithers et al., [53] there was no difference in the resection margins
between open, total minimally invasive, and hMIE (19%, 14% and 20%,
respectively); however in patients referred to surgery alone, the lateral margin
involvement was greater in the open group compared with the assisted thora-
coscopic group (15% vs. 8%).

LN retrieval during esophagectomy correlates directly with long-term sur-
vival, and several studies have confirmed this aspect [59–60] with a possible
cutoff of 23 LNs [60]. Case series studies show no differences between open,
MIE and hMIE in terms of LN retrieval (MIE vs. open, p = 0.83 and hMIE vs.
open p = 0.62) [53]. In the meta-analysis of Dantoc et al., [61] the median
(range) number of LNs found in the open group, MIE and hMIE groups was
10 (3–32.8) 16 (5.7–33.9) and 17 (17–17.15) respectively. There was a signif-
icant difference between the MIE and open groups (p = 0.032) but not between
MIE and hMIE (p = 0.25). The explanation provided by several authors is that
the increased visualization of LNs by thoracoscopic methods has led to a
greater yield of LNs [54,62]. Despite numerous retrospective studies and
meta-analyses, few authors have also evaluated the prognosis of patients who
underwent MIE and if this technique gives the same oncological outcomes
compared with open surgery. In the study of Dantoc et al., [61] there are no
significant differences in survival to 5 years between MIE vs. OE and hMIE
vs. OE (p = 0.33 and 0.41, respectively). Thus, based on this meta-analysis,
minimally invasive surgery seems to have no advantage or disadvantage in
terms of long-term survival. Similar results were reported by Osugi et al. [63]
who compared 77 patients who underwent video-assisted thoracoscopic
(VATS) esophagectomy vs 72 OE patients who underwent three-stage
esophagectomy. Survival at 3 years and 5 years showed no significant differ-
ences (70% and 55% and 60% and 57%, respectively). 
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One of the major technical difficulties of minimally invasive esophageal sur-
gery is intra-thoracic anastomoses, which may explain (at least in part) the
choice of some authors to carry out three-stage esophagectomy and anastomosis
in the neck even in patients with tumors of the distal esophagus and cardia. It is
hard to compare the different studies in the literature with regard to the location
(thoracic or cervical) and type of anastomoses (manual or mechanical and end-
to-end, side-to-side, end-to-side). Maas et al. [64] conducted a review of 12
studies reporting on total minimally invasive Ivor Lewis esophagectomy in
which the anastomotic leaks ranged from 0% to 10% and anastomotic stenoses
from 0% to 27.5% (Table 1.2). Anastomotic stenoses were more common with
the transoral technique. Based on these data, we believe that minimally invasive
intrathoracic anastomoses should be undertaken only in controlled trials.

In conclusion, although >20 years have passed since the first MIE, and
despite numerous studies, there are many unresolved issues. First, the multiple
studies in the literature are, for the most part, retrospective and case series,
with a limited number of patients, and are hard to compare with each other with
respect to stage of disease, surgical technique, and adjuvant treatments. In
addition, most studies have methodological limitations that reduce the statisti-
cal significance (e.g., authors at the beginning of their surgical experience may
have selected patients with early-stage disease or with a better performance
status). For these reasons, MIE, although achieving similar results in terms of
oncological outcomes, has not demonstrated a clear advantage with respect to
traditional surgery and, even if it is a safe alternative, it cannot be considered
the procedure of choice. Second, it is very difficult to carry out randomized tri-
als because, in most cases, it is preferable to choose a tailored surgery centered
on patient need and not on a surgical technique that some authors consider bet-
ter than another. Third, minimally invasive surgery should be totally consistent
with the open approach (including surgical indications), so tumors of the car-
dia and distal esophagus should be approached using the Ivor Lewis procedure.
In fact, it is well known that anastomoses in the neck have a higher percentage
of fistulas and a greater number of recurrent nerve injuries. Moreover, in
esophageal adenocarcinoma, laparoscopy may change the management strate-
gy for up to 20% of patients with occult peritoneal or hepatic metastases. For
this reason, carrying out the thoracoscopic stage first could make surgery
become palliative. Robotic technology, in which three-dimensional vision and
articulated arms facilitate surgical dissection, could have, especially in
anatomically confined spaces, an important role in this very challenging type
of surgery. We must emphasize that MIE is an advanced procedure requiring
knowledge of advanced laparoscopic and thoracoscopic techniques and experi-
ence in conventional esophageal surgery. Therefore, it should be undertaken
only in centers with vast experience in esophageal surgery.
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1.2.6 Endoscopic Therapies for High-grade Dysplasia 
and Early Esophageal Cancer 

In the last decade, the incidence of superficial esophageal cancer (carcinoma in
situ (Tis) and T1 lesions) has increased as a result of advances in endoscopic
techniques that can be used to detect high-grade dysplasia and early esophageal
carcinoma [65]. Early esophageal cancer is a localized lesion with a low risk
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Table 1.2 Pulmonary complications 

Study Number of cases Pulmonary morbidity

Nguyen
[47]

MIE 18
OE 16
THE 20

11% NA
19%
15%

Osugi
[63]

TE 77
OE 72

15,6% NS
19,4%

Smithers
[53]

tMIE 23
hMIE 309
OE 114

30% NS
26%

Fabian
[70]

MIE 22
OE 56

5% p = 0.002
23%

Zingg
[71]

MIE 56
OE 98

3.6% NS
4.7%

Parameswaren
[72]

MIE 50
OE 30

8% p = 0.05
23%

Pham
[54]

MIE 44
ILE 46

25% NS
15%

Schoppmann
[62]

MIE 31
OE 31

9.7% p = 0.008
38.7%

Gao
[73]

MIE 96
OE 78

13.5% NS
14.1%

Berger
[74]

MIE 65
OE 53

7.7% NS
18%

Kinjo
[75]

tMIE 72
hMIE 34
OE 79

7% NA
29%
9%

Sundaram
[76]

MIE 47
TTE 26
THE 31

10.6% NS
34.6%
32.3%

Mamidanna
[77]

MIE 1155
OE 6347

30% NS
31.4%

MIE, minimally invasive esophagectomy; OE, open esophagectomy; THE, transhiatal
esophagectomy; tMIE, total minimally invasive esophagectomy; hMIE, hybrid minimally inva-
sive esophagectomy; ILE, Ivor–Lewis esophagectomy; TTE, transthoracic esophagectomy; NS
not significant; NA, not assessed; a, frequency of pneumonia.
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of LN metastasis and a high potential for cure after complete resection. 
Tis is the earliest stage; T1 lesions can be subdivided into T1m (tumor

invading lamina propria) and T1sm (tumor invading submucosa). Mucosal
lesions are subdivided into three groups: m1, carcinoma limited to the epithe-
lium; m2, carcinoma with invasion into the lamina propria; and m3, carcino-
ma with invasion into but not through the muscularis mucosa. 

Submucosal lesions are also subdivided into three groups, sm1, sm2, sm3,
i.e., lesions with invasion into the superficial one-third of the submucosa
(<200 μm), intermediate, or deepest one-third of the submucosa, respectively.
Traditionally, surgery is the treatment of choice for patients with early-stage
esophageal�cancer and is highly curative. However, resection of the esophagus
is an invasive procedure associated with significant morbidity and mortality.
Many patients with esophageal cancer are elderly and often have multiple
medical comorbidities: surgery is not the best option in these high-risk
patients. Endoscopic therapy might be the “golden middle” between intensive
biopsy follow-up and surgery. High-resolution endoscopy, endoscopic ultra-
sound (EUS), and high-frequency probe ultrasonography may be helpful in
helping to differentiate between T1m (see below) and T1sm tumors and in
selecting patients for potentially curative endoscopic therapeutic procedures.

There are different possibilities for the endoscopic management of high-
grade dysplasia (HGD) and early esophageal cancer (EEC). Endoscopic
mucosal resection (EMR) [66], endoscopic submucosal dissection (ESD)
and endoscopic ablative therapies have been shown to be safe and effective
alternative treatments in patients with early-stage cancer� and significant
comorbidity.

Endoscopic management offers the chance of eradication of the lesion with
less morbidity and mortality than esophagectomy. Multiple local endoscopic
ablation techniques exist or are under investigation, and the optimal method of
ablation has yet to be determined. The opportunity for histologic examination
of the resected specimen represents the major advantage of EMR over endo-
scopic ablative therapies. These include laser therapy (Nd-YAG-laser), argon-
plasma coagulation (APC), and mono- or multipolar electrocoagulation and
cryoablation as thermal destructive methods. Radiofrequency ablation (RFA)
[67] and photodynamic therapy (PDT) [68,69] are non-thermal treatment
approaches, as is EMR. Endoscopic management include patients with T1 dis-
ease confined to the mucosa (T1m/T1a), well-differentiated histopathology, no
lymphovascular invasion, with a tumor size <2 cm and no suspicious adenopa-
thy. Suspicious nodes should be sampled via EUS-guided fine-needle aspira-
tion biopsy, if possible. Patients who do not meet these criteria should be treat-
ed by surgery or referred for neoadjuvant therapy protocols.

If EMR is carried out, the histological preparation of the resection speci-
men provides information on the true stage of neoplasia, the correctness of
prior staging procedures, and if the resection was within healthy margins.The
use of these techniques is limited to mucosal tumors because of the high risk
of stage N1 in early tumors invading into the submucosa. LN metastasis is
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closely related to the degree of invasion into the esophageal wall. Esophageal
lesions confined to m1 and m2 layers do not present LN metastasis. As the
lesion becomes deeper, the rate of metastasis is: m3 (9.1%), Sm1 (15.4%), Sm2
(40.0%), and Sm3 (44.1%). The most commonly employed modalities of EMR
are strip biopsy, double-snare polypectomy, resection with combined use of
highly concentrated saline and epinephrine, and resection using a cap. We
carry out EMR with use of a clear cap and pre-looped snare inside the cap.
After insertion, the lesion borders are marked with a coagulator; 15–20 mL of
saline are injected into the submucosal layer to swell the area containing the
lesion. The cap is then placed on the lesion and the mucosa containing the
lesion is drawn up inside the cap by aspiration. The mucosa is caught by the
snare and strangulated, and finally resected by electrocautery. This is called
the “lift, suck and cut” technique. The resected specimen is retrieved and sub-
mitted for microscopic examination for determination of the depth of tumor
invasion, resection margin and possible vascular involvement. The resulting
“ulcer” heals within 3 weeks. The major complications of endoscopic mucos-
al resection include postoperative bleeding, perforation and stricture forma-
tion. The rate of complications is 0–50% and recurrence is 0–8%.

PDT is a minimally invasive treatment of solid tumors employing a photo-
sensitizing drug and laser light. Photosensitizers accumulated in malignant tis-
sues remain inactive until exposed to a specific wavelength (665 nm) of visi-
ble, non-thermal red light.

In the USA, PDT has been approved to treat early-stage esophageal cancers,
and HGD associated with Barrett’s esophagus. The generally accepted mecha-
nism of action of PDT is the generation of singlet oxygen, which causes irre-
versible oxidation of essential cellular components. In addition to the destruc-
tion of tumor cells, vascular disruption and activation of anti-tumor immunity
aid in the anti-tumor activity of PDT. The advantage of PDT in early esophageal
cancer, as reported by many authors, seems to be an overall rate of cure of >80%
cure. Although there is still a role for PDT in certain situations, it appears that
RFA is at least as effective as PDT and results in fewer complications. However,
there has not been a randomized trial comparing the two modalities.

RFA is a new minimally invasive modality for the treatment of Barrett’s
esophagus and dysplasia. Endoscopic resection of esophageal mucosal irregu-
larities and nodules that are dysplastic or which contain carcinoma combined
with subsequent RFA of the remaining flat Barrett’s esophagus and dysplasia
can effectively and safely eradicate the disease.

Furthermore, a recent multicenter randomized control trial found that in
patients with Barrett’s esophagus containing nodules or mucosal irregularities
which contained high-grade dysplasia or cancer, subsequent RFA resulted not
only in eradication of Barrett’s esophagus and dysplasia, but also significant-
ly less esophageal stricture compared with patients who had circumferential
endoscopic mucosal resection for their disease.� RFA has an efficacy of
80–90% or greater with respect to complete clearance of Barrett’s esophagus
and dysplasia, with durability up to 5 years and a favorable safety profile. In
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patients with dysplastic Barrett’s esophagus, RFA is associated with a high rate
of complete eradication of dysplasia and intestinal metaplasia as well as a
reduced risk of disease progression.

In general, the prognosis of esophageal cancer is quite poor because most
patients present with advanced disease. The overall� 5-year survival is
≈15–20%, with most patients dying within the first year of the diagnosis.
Individualized prognosis is dependent largely upon stage. Those with cancer
restricted entirely to the esophageal�mucosa�have an overall 5-year survival of
≈80%, but�submucosal�involvement brings this down to <50%.

The evolution of endoscopic resection methods has expanded the range of
indications for endoscopic resections. However, such procedures are not indicat-
ed in cases with Sm2 and Sm3 invasion detected by EUS endoscopic ultrasound.

Whereas endoscopy has been used mainly to diagnose cancers, new tech-
nologies such as PDT, RFA and endoscopic mucosal resection have provided
endoscopic treatments with the potential for curing early-stage tumors of the
esophagus.
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2.1 Introduction

The incidence of gastric cancer (GC) has been decreasing in recent years.
However, the increasing age of populations worldwide makes its detection still
frequent. Even if GC treatment has been tailored according to disease stage,
endoscopic or surgical resection must be always undertaken to guarantee a
good outcome. Moreover, there is no hope of survival after incomplete surgery. 

Optimal preoperative staging and a multimodal approach can lead to differ-
entiated treatment, allowing also more specific results on complications,
reducing morbidity and mortality. This therapeutic approach enables consider-
ation of the hospital type and hospital-specific disease volume, considered as
an important parameter for good results. Indeed, many studies have been done
showing that morbidity and mortality improves in patients with esophageal
cancer treated at high-volume hospitals, but few studies have described the
same good results for GC, even if decreasing morbidity and mortality have
been reported. A reason for this finding could be the lack of very-high-volume
centers in western countries, which does not allow comparisons of different sit-
uations. However, we should probably also consider other variables, such as
the availability of an experienced surgical team in medium-sized hospitals. In
this regard, a study by Jensen et al. in 2010 showed results after the centraliza-
tion of GC patients in a high-volume hospital in Denmark. The decrease from
37 to 5 departments after centralization resulted in an improvement in the mor-
tality rate from 8.2% to 2.4% [1].



2.2 Endoscopic Approach

In recent years, the endoscopic approach for high-grade dysplasia and for a sub-
set of early gastric cancer (EGC) not requiring lymphadenectomy has changed
the quality of life of patients. Several studies and Japanese guidelines defined
these subsets [2], i.e., mucosal differentiated cancer of diameter <2 cm without
ulceration can be treated by endoscopic mucosal resection (EMR) or with endo-
scopic submucosal dissection (ESD). Not all mucosal cancer, differentiated
tumors or small cancers, but only a subset of EGC with well-defined and asso-
ciated characteristics did not present lymphatic spread; this subset should be
considered for local endoscopic resection. If endoscopic treatment can cure
patients considered to be N0, surgery must be proposed for all other patients
suspected to have lymphatic diffusion.

2.3 Lymphadenectomy

The second-level lymphadenectomy (D2) proposed by Japanese surgeons can
improve survival also in specialized western centers where morbidity and mor-
tality is not significantly increased [3, 4]. A recent meta-analysis referring to
old trials suggested that D1 is the better dissection, but revised studies also on
the Dutch trial confirmed that D2 dissection improves survival if morbidity and
perioperative mortality is low [5]. The McDonald study based in America
added radiotherapy on perigastric areas that are submitted to insufficient lym-
phadenectomy, and revealed better long-term survival in relation to surgery
alone [30]; radiotherapy could be considered in those patients as a sort of
“radio-lymphadenectomy”. Limited lymphadenectomy is, in general, proposed
by Japanese guidelines for EGC patients. Even if correct, considering the east-
ern preoperative accuracy in diagnosis, such limited indications are not always
applicable in western centers. In our opinion, surgically treated patients should
be submitted to D2 lymphatic dissection because of the following reasons:
• TNM classification requires 16 dissected lymph nodes and only <45% of D1

dissections can be properly classified [4];
• Accurate dissection allows better staging of the disease owing to an higher

number of lymph nodes retrieved;
• If the pathological report does not confirm an endoscopic diagnosis of EGC

and an advanced cancer is diagnosed, surgeon dissection could be uncor-
rected;

• Wide lymphatic dissection in low cancer stage also improves survival in
patients considered to be N0, as referred by the Japanese Clinical Oncology
Group (GCOG) trial [6];

• Morbidity and mortality are not higher for D2 dissection also in western
centers [3, 4].
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2.4 Definition of D2 Dissection

In 2010, the Japanese Gastric Cancer Association presented a new D2 defini-
tion related not to the site of the cancer but to the type of gastrectomy, with the
definition being different for subtotal or total gastrectomy [2]. Looking at lym-
phatic dissection, differences from previous definitions focused principally on
gastric artery station 7 now being considered as D1 and mesenteric vein station
(n14) being not dissected further in the new D2 definition and only being sug-
gested in pylorus cancer. After subtotal gastrectomy, D2 lymphadenectomy
requires dissection of 1, 3, 4sb, 4d, 5, 6, 7, 8a, 9, 11p and 12a node stations.
Total gastrectomy requires dissection of 1, 2, 3, 4, 5, 6, 7, 8a, 9, 10, 11p, 11d,
and 12a node stations [2].

2.5 Extended Lymphadenectomy D3

More extended lymphadenectomy D3 is now not recommended as prophylac-
tic treatment in Japan after the JCOG 9501 trial [6]. This trial did not find any
improvement for patients submitted to para-aortic dissection (PAND). In west-
ern centers (especially in Italy), this option is not completely excluded because
5-year survival rates of 17% have been reported after surgical dissection for
patients with positive para-aortic nodes. Even if these patients are considered
to be M1, their survival is better than that for other metastatic sites. In Japan,
even if prophylactic PAND is not recommended, if the involvement of the
para-aortic nodes is suspected, these patients are submitted to neoadjuvant
treatment, and then to D3 dissection. [6, 7]. D3 dissection involves removal of
the posterior lymph nodes of the hepatic artery (8p), hepatoduodenal ligament
(12p), retro-pancreatic segments (13), and peri-aortic segments (16).
Morbidity is improved, but has been reported to be 28%; mortality (2.1%) is
quite similar in selected centers [7]. Western centers are looking for selective
criteria to identify patients with suspected involvement of the para-aortic
lymph nodes [8].

2.6 En block Resection and Retrieval of Lymph Node Stations

An interesting study based in Korea in 2011 confirmed that free cancer cells can
be released from lymphovascular pedicles opened during surgery for GC, espe-
cially in advanced-stage disease. The authors found that this could be prevent-
ed by using an energy-based device [9]. The intraoperative use of devices makes
en block dissection a secondary endpoint, whereas distant stations (e.g., 12a in
the hepatoduodenal ligament or 9 at the splenic hilus) could be better dissected
alone. An interesting question is who should dissect the lymphatic stations after
surgery in the surgical specimen. Quarrels have arisen between pathologists and
surgeons if a low number of lymph nodes are sampled. Lymphatic dissection on
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fresh specimens immediately after resection permits better collection of lymph
nodes, and different stations are better recognized by surgeons (mainly if near-
by stations have not been dissected intraoperatively). Dissection by surgeons in
theatre immediately after resection must be suggested and stressed.

2.7 R0 Resection

The type of patient who could be considered for radical resection is an open
question. The old Japanese definition of R0 was: no residual disease with a high
probability of cure. This condition was achieved by a distance of 10-cm margin
from the cancer and resection lines in T1/T2 tumors with a D lymphadenecto-
my level more than (N) lymphatic stage [10]. A recent R0 definition from the
International Union against Cancer/American Joint Committee on Cancer
(UICC/AJCC) stated “complete resection of the primary cancer without macro-
scopic or microscopic residual” [11]. The high prevalence of relapse after sus-
pected R0 resection makes this definition inadequate, and perhaps the concept
of circumferential/ lateral resection margin must be added [12]. The seventh
tumor/node/metastasis (TNM) classification now necessitates cytology upon
peritoneal lavage to avoid peritoneal cancer cells causing peritoneal relapse;
positive cytological lavage has been added as M1 in the new TNM classifica-
tion [11] and must be performed to define a R0 resection.

2.8 Neoadjuvant Treatment

The MRC Adjuvant Gastric Infusional Chemotherapy Trial (MAGIC) in
England and FFCD 9703 trial (France) described significant survival improve-
ment if perioperative chemotherapy was followed by surgery. In these clinical
trials, several questions have been asked (for example: the number of patients
recruited with cancer of the gastric cardia or early lesions, and surgical results)
but a statistically robust solid improvement was observed. Unfortunately, a
more selective trial with good preoperative staging, the European Organization
for the Research and Treatment of Cancer (EORTC) trial, failed to find statisti-
cal power for the low number of patients recruited even if downstaging had
been frequently observed. No information is available on survival in the Swiss
Group for Clinical Cancer Research (SAKK) trial. Five trials on neoadjuvant
treatment are ongoing: MAGIC B (England); Chemoradiotherapy after
Induction chemotherapy in Cancer of the Stomach (CRITICS; the Netherlands);
JCOG 0501 (Japan); Intergroup Trial of Adjuvant Chemotherapy in
Adenocarcinoma of the Stomach (ITACA 2) and Istituto Scientifico Romagnolo
per lo Studio e la Cura dei Tumori (IRST 151) (both Italy). These trials using
neoadjuvant treatment involve different drugs and, sometimes, combination
with radiotherapy and biological therapy. The importance of preoperative stag-
ing must be stressed to avoid irrelevant treatment in early lesions or delayed
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specific treatment in metastatic disease. Moreover, collaboration with oncolo-
gists in this new approach should be improved.

2.9 Minimally Invasive Surgery

Laparoscopic staging is accurate and allows collection of peritoneal fluid for
cytology. Laparoscopic surgery for early lesions (T1 and T2) is proposed also in
Japanese guidelines with modified limited lymphadenectomy. Doubt regarding the
treatment of advanced forms has been wiped away due to a meta-analysis report-
ing less lymph-node dissection and difficult dissection of some stations with
laparoscopic access [13]. In this regard, some trials are ongoing (JCOG 0912 and
Korean Laparoscopic Gastrointestinal Surgery Study Group (KLASS)) and results
are awaited but, at the moment, robotic surgery may offer a better and easier dis-
section compared with laparoscopy.

2.10 Splenectomy

The new Japanese guidelines for D2 dissection have confirmed that the splenic
hilus station (n10) must be dissected after total gastrectomy, but evidence-
based information on splenectomy is not available. To ascertain if splenectomy
has a statistically solid prognostic value, we should wait for the conclusions of
the JCOG 0110 trial in Japan [14]. Presently, splenectomy may worsen morbid-
ity and mortality and must be indicated only for cancers sited on the great cur-
vature, or if suspicious lymph nodes are detected at station 10 and from there
are not easily removable.

2.11 Bursectomy

Tumors penetrating the serosa of the posterior gastric wall (T3 and T4a) are
strongly associated with posterior peritoneal seeding. In these patients, bursec-
tomy (removal of the inner peritoneal surface of the bursa omentalis) present-
ed a survival improvement in a recent small randomized trial [15]. This tech-
nique, which is generally undertaken in eastern centers without worsening mor-
bidity, is carried out only in selected western institutions. A new, geographical-
ly wider multicenter trial looking at this matter (JCOG 1001 is ongoing.

2.12 Resection Margin and Distance From Cancer

Infiltrated surgical margins are a significant negative prognostic factor [16], If
certain eastern endoscopists propose new endoscopic treatments for positive
lateral margins after ESD, all positive deep margins after endoscopic treatment
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and all surgical patients apparently treated by radical procedures except for
resection lines should be submitted for a new resection. To avoid infiltration of
the resection margin, a distance of 2 cm from EGC and ≥5 cm from undifferen-
tiated lesions should be requested (German guidelines require 8 cm for Lauren
histotype (diffuse) carcinoma). Moreover, all cancer classified by macroscopi-
cally infiltrated Borrmann type 4 require total gastrectomy. Frozen sections at
resection-line specimens could be useful but may be insufficient (mainly for
diffuse-type carcinoma when immunostaining is requested).

2.13 Peritonectomy and Hyperthermic Intraperitoneal
Chemotherapy (HIPEC)

Current indications for peritonectomy and HIPEC are highly selective, and few
patients can achieve good results. The indication for HIPEC is after complete
cytoreductive surgery and 5-year survival rates of 19–25% have been reported.
Indeed, it can be an interesting option in T4 cancer if only positive cytology has
been observed in a previous laparoscopic peritoneal lavage. In the future,
expression of the CXCL12 receptor in peritoneal washings may serve as useful
molecular marker to identify a subset of GC patients at very high risk of peri-
toneal recurrence [17].

2.14 Reconstruction

In general, Roux-en-Y reconstruction is undertaken after total gastrectomy.
Several techniques and pouches have been proposed, but none of the types has
been widely accepted. Also, after subtotal gastrectomy, Roux-en-Y is currently
used in western centres. In eastern countries, the Billroth-1 reconstruction is
frequently carried out if small well-differentiated cancer is diagnosed in the
distal third of the stomach. The Billroth-2 reconstruction is still proposed by
several authors.

2.15 Cardia Carcinoma and the New TNM Classification

Carcinoma of the gastro-esophageal junction (GEJ) is a particular subset of car-
cinoma now considered by the new TNM classification to be esophageal can-
cer. This classification does not provide any clinical information for the surgi-
cal approach, and several authors propose a change. One of the most used clas-
sifications by surgeons is the Siewert classification, which differentiates three
cancer sites. Siewert 1 cancer require thoracotomy and Siewert 3 laparotomy.
However, there is considerable debate regarding Siewert 2 (an area situated 1-
cm above and 2-cm below the anatomic GEJ). Differences in lymphatic spread
and survival rates described by some authors justify different approaches. A
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trial in Japan [18] did not show significant advantages for left thoracotomy in
patients with esophagus involvement of <3 cm, but higher morbidity. The
authors suggested an abdominal approach for such patients. Different options
may be debated on this type of cancer, but there are few doubts that in Siewert
types 1 and 2 necessitate preoperative radiotherapy. 

2.16 Liver Metastases

Liver metastases have been considered so far the limit for curative resection. In
recent years, many authors have reported good results with reasonable 5-year
survival for subsets of patients. Though indicated initially only for radical resec-
tion patients (T1, T2) and for methacronous metastasis, single or multiple resec-
tions are now also proposed for synchronous lesions if radical surgery associat-
ed with D2 dissection can be carried out [20]. Some prognostic scores have been
proposed. Nevertheless, a clear indication for liver resection is lacking. Single
or multiple resections (carrying out more than one resection influences survival)
on the same lobe without extra diffusion in the liver after D2 dissection have
been reported as resection criteria. Several authors have reported that 0.2–37.9%
of all cases with liver metastasis are eligible for hepatic resection, and 1-year
survival rates of 15–77%, and 0–42% at 5 years, have been documented [21,22].
Early detection of liver metastases is crucial and a close follow-up can be use-
ful. Discussions by the multidisciplinary team considering surgery alongside
other options could give hope to patients with a poor prognosis.

2.17 Follow-up 

No studies have conclusively reported prognostic improvement based on fol-
low-up. If relapse of liver metastases or the gastric stump can be treated, and
new drugs can be developed (such as S1 in eastern countries), studies, based on
data from follow-up could be of great interest. Recently, a new approach to fol-
low-up in GC has been proposed by researchers on GC based in Italy: Gruppo
Italiano di Ricerca sul Cancro Gastrico (GIRCG). Follow-up could be differen-
tiated on the basis of a prognostic score, with a more intense program for
patients treated radically and who are at a high risk of relapsing disease [19].

2.18 Frontiers in Molecular Medicine

Families with a highly penetrating inherited predisposition for the development
of GC are rare. However, several kindred from various ethnic backgrounds
showing diffuse, poorly differentiated GC harboring a germline E-cadherin (a
transmembrane calcium ion-dependent adhesion molecule) alteration have been
documented [23, 24]. GC developments can be associated with hereditary non-
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polyposis colon cancer [25]. Genetic abnormalities of mismatch repair genes
underlying this disease have been disclosed, and include potential tumor devel-
opment in various tissue types [26]. Such gastric carcinomas are of the intestin-
al type, without infection by Helicobacter pylori and most exhibit microsatel-
lite instability. GC has been reported in the kindred of Li–Fraumeni syndrome
with an underlying p53 germline alteration. Overall, GC is rare in these set-
tings, and the exact contribution of the polyposis and underlying germline alter-
ations of the APC gene and LKB1/STK11 to the development of gastric adeno-
carcinoma is not clear. 

Of course, in the study of the molecular biology of GC we cannot have an
overview about host and environmental factors. For instance, H. pylori infec-
tion appears to lead to a five-to-sixfold increase in the risk of gastric malignan-
cies [27]. GC does not always develop in most of those infected with this
microorganism. The importance of the interaction between the bacterial viru-
lence, environmental, and host factors involved in the clinical outcome of this
infection are important issues. Allelic variants of polymorphisms in pro-inflam-
matory cytokines such as interleukin-1β (a potent inhibitor of acid secretion)
have been associated with GC, having been shown to be important determinants
in the infection–host response. Microsatellite instability and associated alter-
ations of transforming growth factor have been found in subsets of GCs [28].
Even if most GCs show significant aneuploidy, microsatellite instability has
been found in 13–44%) of sporadic GCs. The degree of genome-wide instabil-
ity varies with the high degree of microsatellite instability. Somatic alterations
have been described at the molecular level in GCs. In most instances, the sig-
nificance of these changes in gastric tumorigenesis remains unclear. In most
GCs, the p53 gene is altered. The effort to detect excessive expression of p53
is an indirect means to identify mutations of this gene. The prognostic value in
GC appears to be consistent. Many sporadic diffuse GCs display altered levels
of E-cadherin (which is important in interactions with epithelial cells); when
decreased in expression, it is associated with tumor invasiveness. Evidence of
a tumour suppressor gene on chromosome 3p has been noted in several studies,
including those focusing on allelic loss at 3p in primary GCs and homozygous
deletion of 3p in GC cell lines. Alteration of other gene products (including
those involved in regulation of the cell cycle, signalling of growth factors,
telomerase activity, angiogenesis, and the structure of the extracellular matrix)
has been described in basic science research. Study of the inhibition of apopto-
sis, the co-operativity of oncogenes and tumor suppressor genes as well as the
epigenetics of cancer are the new frontiers in the molecular biology of cancer.
In this sense, the use of genomic technologies has helped cancer researchers to
make significant progress in the identification of the “molecular signatures” of
cancer, mainly to understand the variable performances of therapy. From this
viewpoint, DNA microarrays have been used to ascertain the molecular pheno-
types of GCs. Integration of clinical genomics with clinical proteomic tech-
nologies [29] could enable the development of “personalized” methods for the
diagnosis of treatment of cancer.
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3.1 Epidemiology, Risk and Protective Factors

With ≈1 million of new cases per year separated into 72% for the colon and
28% for the rectum, colorectal cancer (CRC) is the fourth most common can-
cer in men (after cancer of the lung, prostate and stomach) and the third most
common in women (after cancer of the breast and cervix) without significant
differences in incidence by sex (male:female ratio of 1.2:1). The areas with
the highest incidence rates are Australia and New Zealand, North America,
Japan and western Europe [1]. In 2002, it resulted in ≈8% of the 6,724,000
registered deaths for cancer. It is estimated that 83% of cases occur in patients
aged >60 years and the average age at diagnosis is 70 years. Unfortunately,
the incidence of CRC is escalating in patients younger than 50 years, with an
increased rate of 56% for patients aged 40–44 years over the past two decades
[2]. Five-year survival is stage-dependent, being 90% in localized disease,
68% for regional disease, and 10% if distant metastases are present. Familial
adenomatous polyposis (FAP), hereditary non-polyposis colorectal cancer
(HNPCC), personal or in the first- and second-degree relative history of high-
risk polyp or colonic cancer and a personal history of inflammatory bowel dis-
ease (IBD) are the most important innate risk factors. Race is also important:
20% more African–Americans develop colon cancer than Caucasians.
However, geographic factors can modify racial risk: Native Alaskan
Americans have an incidence rate of 102.6/100,000 if living in Alaska and
21.0/100,000 if residing in the southwest of the USA. Smoking and diet are
the most important variables and acquired risk factors. Diets high in red or



processed meats can increase the risk of developing CRC, especially in smok-
ers (relative risk [RR], 1.5) [3]. A body mass index (BMI) >25 and physical
inactivity augment the risk of colon cancer. Smoking and heavy use of alcohol
worsen the prognosis of CRC.

Interesting evidence about the protective role of certain drugs is emerging.
Taking aspirin or other non-steroidal anti-inflammatory drugs (NSAIDs) such
as sulindac and celecoxib is associated with a lower risk of CRC and has been
shown to reduce the formation of adenomatous polyps in people with FAP. It
also seems that statins and angiotensin-converting enzyme (ACE) inhibitors
help lower the risk of polyps and CRC and of relapse. Aspirin can cause stom-
ach ulcers and other side effects, but the association is strong enough that the
Aspirin in Dukes C and High-risk Dukes B Colorectal Cancer (ASCOLT) trial
was created to study the use of this drug as an adjuvant medication [4]. 

3.2 New Developments in Genetic-based Treatments

Recent discoveries of inherited genes that increase a person's risk of develop-
ing CRC are being used in genetic tests to inform people most at risk. Anti-
epidermal growth factor receptor (EGFR) monoclonal antibodies (cetuximab
and panitumumab) have been available for some years and have good effica-
cy for the treatment of metastatic colorectal cancer (mCRC) and in
chemotherapy-refractory cases. EGFR regulates cancer-cell proliferation,
apoptosis and tumor-induced neo-angiogenesis. Unfortunately, efficacy is
limited to a subset of patients: EGFR-independent, constitutive activation of
the RAS or RAF kinase pathways impairs the response to anti-EGFR drugs.
KRAS links growth-promoting signals from the cell surface to the nucleus. It
is a member of the RAS protein group of guanosine triphosphate/ guanosine
diphosphate (GTP/GDP) binding proteins, and the wild-type gene works tran-
siently only if growth factor receptors (such as the EGFR) are activated.
However, when specific mutations in the KRAS gene occur (usually in
codons 12 or 13), the resulting KRAS protein can be constitutively active (it
can then function independently of upstream growth factor receptor-driven
signals and remain active), thereby verifying the block of anti-EGFR mono-
clonal antibodies. A different and (not equally clearly defined) mechanism
allows a mutation in the gene for B-RAF kinase to permit replication of
tumoral cells independently from the EGFR. This is why everyone with
advanced colon cancer who is considering an EGFR-targeted therapy such as
Erbitux® or Vectibix® should have testing for KRAS and BRAF before treat-
ment starts to spare them (mutation is present in ≈40% of cases) from receiv-
ing unnecessary treatments. Data from important and well-powered multicen-
ter studies demonstrated that the KRAS and BRAF mutation was significant-
ly associated with more rapid and aggressive metastatic behavior in CRC,
short-interval liver metastases, poor survival after resection of the colon and
liver, and a worse prognosis [5]. In a Korean study on patients with metasta-
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tic or recurrent CRC, lung metastasis was more frequently the initial metasta-
tic site in patients with KRAS mutations [6]. By better understanding the
interactions between KRAS and other genes, we may then take advantage of
these synthetic lethal combinations to provide additional options to treat
chemotherapy- or cetuximab-refractory CRC patients harboring KRAS muta-
tions. Knowledge of these synthetic lethal interactions may also enable the
development of improved targeted therapies that may be more effective with-
out the toxicities of traditional chemotherapy due to off-target killing of nor-
mal cells. Continued prospective studies and basic science research is critical
in the effort to improve outcomes in CRC patients with this mutation.

3.3 Earlier Detection and Diagnosis

The “adenoma–carcinoma” multistep model of CRC is one of the best known
models of carcinogenesis. The aim of a screening program is to detect a polyp
before its transformation or a cancer at its earlier stage [7]. The common pat-
tern of tests in program of screening for colon cancer are stool and endoscop-
ic (colonoscopy or sigmoidoscopy) or radiologic (virtual colonscopy and air
contrast barium enema) tests. The age to begin screening differs between peo-
ple with an average risk (start screening at 50 years) or with a family history
(start screening at 40 years or 10 years before the age when a relative was
diagnosed of with colon cancer). The recent evidence of a younger onset asso-
ciated with more advanced stage, more aggressive histopathological character-
istics, and a worse prognosis when compared with older patients as well as a
relative rightward shift over the past three decades of the colonic distribution
of cancer are encouraging a preference for colonoscopy over sigmoidoscopy
and an ever more early age of screening. Screening colonoscopy also involves
risks [8]; perforation and bleeding in the case of polypectomy are estimated to
be near 0.1% and 1%, respectively. Chromoendoscopy (which involves the
application of stains or pigments) and magnification endoscopy (with or with-
out staining) allows the endoscopist to better visualize mucosal details with up
to 100-fold image enhancement. Narrow-band imaging colonoscopy allows
better visualization of vascular changes in superficial lesions. The value of
these techniques in screening for colon cancer has yet to be established. The
effectiveness of colonoscopy is dependent upon the skill and experience of the
endoscopist to not only reach the cecum but also to identify small lesions.
Despite criticism about the cost and potential morbidity, colonoscopy remains
the “gold standard” to evaluate the colonic mucosa. A recent long-term
prospective study validated colonoscopic polypectomy, with a 53% reduction
in mortality [9]. New imaging and laboratory tests are also being developed.
Newer, more accurate ways to look for changes in stools that might indicate
CRC have been developed. These include tests that are better able to detect
blood in stools and tests that can be used to detect changes in the DNA of cells
in the stool (“fecal immunochemical tests”).
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3.3.1 Double-contrast Barium Enema (DCBE)

Retrospective studies have found that DCBE may miss 15% to 22% of CRCs
[10]. Even if abnormalities are found, this test must be followed by
colonoscopy for biopsy or excision. The use of DCBE for screening has been
declining with the increasing use of endoscopic procedures and computed
tomography (CT) colonography (also known as virtual colonoscopy (VC)), but
retains its value in areas where colonoscopy resources are limited. It has no
role in the surveillance of colon cancer but may be used to evaluate the colon
by radiographic means if a stoma reversal is being consiered. 

3.3.2 VC

VC is a special type of CT that provides endoluminal visualization of the colon
based on two- and three-dimensional imaging that enables the detection of
many colorectal polyps and cancers early. To enhance accuracy, patients fre-
quently undergo bowel preparation before the procedure, but recent studies
found that it could be helpful in screening even without the patient having to
drink large amounts of liquid laxative first. The colon is then insufflated with
air or carbon dioxide (or, in some cases, water) to facilitate colonic distention
and detection of intraluminal lesions. In addition to its non-invasive nature,
VC is associated with enabling the diagnosis of extra-colonic disease and
establishing the presence of synchronous lesions in the setting of an obstruc-
tive distal cancer that does not permit colonoscopy. Synchronous lesions are
thought to occur in 1% to 7% of patients, and a 100% sensitivity rate for the
detection of proximal synchronous cancers in the setting stenosing cancers has
been observed. Sensitivities and specificities increase according to increasing
polyp size (≈80% for polyps of diameter >9 mm and ≈100% for lesions of
diameter >15 mm) [11,12]. 

3.3.3 CT

In newly diagnosed colon cancer, preoperative abdominal and pelvic CT
demonstrated variable sensitivity for detecting distant metastasis (75% to
87%), nodal involvement (45% to 73%) or the depth of transmural invasion
(≈50%) as well as tumor-related complications such as obstruction, perfora-
tion, and fistula formation [13]. CT is not a reliable diagnostic test for low-
volume tumors on peritoneal surfaces. The sensitivity for detecting peritoneal
implants is <40% neither for large lesions (diameter, 5 mm to 50 mm). The
most important feature of preoperative CT is the planning of eventual simulta-
neous or staged liver metastasectomy or eventual neoadjuvant therapy for
high-volume and diffuse, metastatic, non-stenosing and non-bleeding colon
cancer. Intraoperative ultrasonography and manual palpation of the liver may
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provide a better yield than preoperative CT [14], but the latter is precluded in
laparoscopic colon resections, and both methods can be hindered by suprame-
socolic adhesions from previous surgery. A preoperative CT of the chest might
be of more value for rectal cancer than for colon cancer depending on the dif-
ferent types of venous drainage. 

3.3.4 Magnetic Resonance Imaging (MRI) and Positron Emission
Tomography (PET) 

Contrast-enhanced MRI and PET or PET/CT have no role in screening or in
the routine staging of colon cancer. However, they may have a role in patients
thought to be candidates for resection of isolated liver metastases of colon can-
cer (especially in patients who have not previously undergone therapy), which
changes surgical plans in a consistent percentage of patients [15].

Recently, increasing attention has been placed on the application of PET to
assist with early detection of disease recurrence, in differentiating it from post-
operative scarring, or in the evaluation of patients with unexplained increasing
levels of carcinoembryonic antigen (CEA) after initial surgery. In this setting,
PET can potentially be used to localize occult disease, permitting the selection
of patients who may benefit from exploratory surgery. PET is frequently used
in conjunction with CT and demonstrates high sensitivities and specificities
(>90%) in association with contrast-enhanced or non-contrast CT [16].

3.4 Preoperative Preparation

Recent demonstration of low septic and anastomotic complications in emer-
gency colectomy without mechanical bowel preparation (MBP) [17], together
with the results of prospective studies demonstrating safety in elective surgery
of the colon and rectum with avoidance of mechanical bowel cleaning, are
changing conceptions about the central role of MBP with or without oral
antibiotics in preventing postoperative complications [18,19]. In elderly
patients, MBP can produce intravascular depletion and electrolyte abnormali-
ties, thereby increasing surgical risks [20]. A meta-analysis involving seven
randomized clinical trials [21], revealed a higher rate of anastomotic dehis-
cence among patients in the MBP group compared with patients in the non-
MBP group (5.6% vs 2.8%, respectively, p = 0.03) with similar septic peri-
toneal or wound infections. A review of 26 trials [22] on various intravenous
and oral preoperative antibiotic regimens demonstrated that antibiotic prophy-
laxis decreased the overall infection rate from 36% to 22% and mortality rates
from 11.2% to 4.5%, suggesting that antibiotic prophylaxis for colorectal pro-
cedures is merited. Some studies based on replacing routine MBP with a sin-
gle preoperative enema [23] noted significant increases in postoperative mor-
bidity (26 vs 9, p = 0.004) and wound infection (7 vs 1, p = 0.041). A well-
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powered study to assess the relative benefits of no preparation vs mechanical
preparation alone or in conjunction with antibiotics is required.

3.4.1 Goal-directed Fluid Management

Several recent studies [24, 25] have suggested that a restricted goal-directed
fluid regimen that avoids excess fluid administration causing adverse cardio-
vascular and pulmonary effects and even leading to impairments in wound
healing may improve postoperative outcomes in colectomy. A too-restricted
fluid regimen can lead to tissue hypoperfusion, anastomotic leaks, and sepsis.
Dehydration from preoperative MBP and prolonged perioperative nil-by-
mouth regimens can create difficulty in optimizing fluid management that is
equally [26] challenging in the operating room. This is because the various
medications and anesthetic agents administered can affect urine output and the
cardiac parameters commonly used in the assessment of volume status. Given
this challenge, several surrogate markers have been used to help guide fluid
administration in the perioperative period, including serum lactate levels and
mixed venous oxygen saturation. The recent introduction of intraoperative
esophageal Doppler to monitor cardiac output by directly measuring flow in
the descending aorta seems to be a very good guide for balanced fluid admin-
istration [27], mitigating the risk of gut hypoperfusion that can occur.
Consequently, application of this method should be considered for patients
undergoing colectomy.

3.4.2 Enhanced Recovery After Surgery (ERAS)

Colectomy is a common and major procedure which, unfortunately, is associ-
ated with significant morbidity and costs to healthcare systems. Over the past
20 years, there have been two important developments in elective major
abdominal surgery—the introduction of laparoscopic surgery and implementa-
tion of ERAS programs (also referred to as “fast track” (FT) perioperative
care)—with the aims of reducing the length of hospital stay, morbidity and
mortality, length of time to return to full function, and to improve patient sat-
isfaction [28,29]. During the mid-1990s, FT perioperative care was pioneered
by Henrik Kehlet. FT programs consist of a multidisciplinary approach (dieti-
cians, nurses, surgeons, anesthesiologists) and aim at reducing surgical-stress
responses, organ dysfunction, and morbidity, thereby promoting faster recov-
ery after surgery. 

FT perioperative care comprises extensive preoperative counselling, no
bowel preparation, no sedative premedication, carbohydrate-loaded liquids up
to 2 h before surgery, and effective multimodal pain management with short-
acting anaesthetics (blocking the neurohormonal response to surgery). The
goal is to reduce the risk of organ dysfunction and complications, enable ade-
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quate perioperative goal-directed fluid management, use small incisions, and
to not use drains and nasogastric tubes. Intraoperative care involves the pre-
vention of hypothermia (because it reduces sympathetic responses), undesir-
able cardiac events, and wound morbidity [30]. Postoperative care involves
early oral feeding, enforced mobilization, early removal of urinary catheters,
and standard use of laxatives. NSAID agents and epidural anesthesia/analge-
sia are used to reduce the perioperative inflammatory responses, leading to a
reduction in mediator release and catabolism. Optimal analgesia can permit
early ambulation, and diet introduction is probably the most important (and
least appreciated) component of an ERAS program [31]. The Laparoscopy
and/or FT Multimodal Management Versus Standard Care (LAFA) trial [32]
has provided interesting data regarding which of these components is essential
to improved outcomes: the focus is on laparoscopy, analgesia, early ambula-
tion, and early resumption of diet. A recent multicentric Dutch trial con-
fronting the four combinations of laparoscopy, open surgery, standard and FT
perioperative care showed that the combination of laparoscopic surgery with
FT care resulted in a significantly faster recovery after colonic surgery than all
other combinations [33]. The challenge of building and enabling the organiza-
tional structure around the necessary multidisciplinary group for a successful
ERAS program is well documented, but encouraging results are pointing
towards such implementation. The multidisciplinary approach of any ERAS
program should address the oft-quoted question raised by Henrik Kehlet: “why
is the patient in hospital today?”

3.4.3 Stadiation

The American Joint Committee on Cancer (AJCC) has published the seventh
edition of its staging manual [34]. Tables 3.1 and 3.2 report the new
tumor/node/metastasis (TNM) classification for CRC report, which should be
compared with the previous classifications of Dukes and Astler–Coller.

3.4.3.1 Staging Information
The features of the revised staging give more importance to the poor prognos-
tic features of the depth of invasion despite fewer positive nodes. 
• T4 is divided between penetration to the surface of the visceral peritoneum

and direct gross adherence to adjacent structures;
• T1–2N2 is downstaged from stage IIIC to IIIA or IIIB depending on the

number of nodes involved
• Shift T4bN1 from IIIB to IIIC;
• Subdivide T4/N1/N2;
• Resolution of staging for issue of mesenteric deposits where nodal tissue is

not identified;
• Revised sub-staging of stage II based on depth of invasion, with addition

of stage IIC;
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• Revised sub-staging of stage III based on node number (N1a, 1 node; N1b,
2–3 nodes; N2a, 4–6 nodes; N2b, ≥7 or more nodes);

• Division of metastases to ≥1 sites in recognition of the possibility of a cura-
tive approach for aggressive treatment of a single site of metastases.
The seventh edition considers, together with the classic anatomic bases of

T, N and M, some other important anatomic and serological prognostic factors
validated by clinical studies and which are evidence-based and which assume
prognostic value that influences patient care. Among the important anatomical
factors are lymphatic vessel invasion (Lx: cannot be assessed; L0: absent; L1:
present), venous invasion (V0: absent; V1: microscopic; V2: macroscopic),
perineural invasion (PN: 1 present or 0 absent) and the residual tumor (Rx:
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Table 3.1 TNM classification for colon cancer 

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ: intra-epithelial or invasion of lamina propria

T1 Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades through the muscularis propria into pericolorectal tissues

T4a Tumor penetrates to the surface of the visceral peritoneum

T4b Tumor directly invades or is adherent to other organs or structures

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in 1–3 regional lymph nodes

N1a Metastasis in 1 regional lymph node

N1b Metastasis in 2–3 regional lymph nodes

N1c Tumor deposit(s) in the subserosa, mesentery, or non-peritonealized pericolic or perirectal
tissues without regional nodal metastasis 

N2 Metastasis in ≥4 lymph nodes

N2a Metastasis in 4–6 regional lymph nodes

N2b Metastasis in ≥7 regional lymph nodes

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

M1a Metastasis confined to 1 organ or site (e.g., liver, lung, ovary, non-regional node)

M1b Metastases in >1 organ/site or the peritoneum



cannot be assessed; R0: no residual; R1: microscopic residual; R2: macroscop-
ic residual). The two principal serological prognostic factors are CEA (Cx: not
assessed; C0: <5 ng/mL – normal; C1: >5 ng/ml – elevated) and microsatellite
instability (MSI). MSI is a marker of the functionality of the DNA repair
enzyme system operating during cellular replication. MSI (higher (H) or lower
(L) level) is especially significant in HNPCC and in ≈20% of sporadic cancers. 

3.4.4 Sentinel Lymph Node (SLN) Biopsy 

Since the 1980s, many studies have been conducted focusing on intraoperative
identification of SLNs and/or complete mapping of lymph nodes using differ-
ent technologies (e.g., vital coloration, intraoperative ultrasound and/or
radioimmunoguided nodal mapping) [35,36]. The first aim was to eventually
modify the extension of the resection that could be more limited in small
lesions (frequently diagnosed in screening programs and eventually removed
endoscopically) with negative SLNs, or more extended over the boundaries of
classic lymphadenectomy in cases of aberrant lymphatic drainage.
Furthermore, microscopic evaluation of node status in colon cancer is based
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Table 3.2 Anatomic stage/prognostic groups

Stage T N M Dukes MAC

0 Tis N0 M0 -- --

I T1 N0 M0 A A

T2 N0 M0 A B1

IIA T3 N0 M0 B B2

IIB T4a N0 M0 B B2

IIC T4b N0 M0 B B3

IIIA T1–T2 N1/N1c M0 C C1

T1 N2a M0 C C1

IIIB T3–T4a N1/N1c M0 C C2

T2–T3 N2a M0 C C1/C2

T1–T2 N2b M0 C C1

IIIC T4a N2a M0 C C2

T3–T4a N2b M0 C C2

T4b N1-N2 M0 C C3

IVA Any T Any N M1a -- --

IVB Any T Any N M1b -- --

T tumor, N node, M metastasis, MAC modified Astler-Coller.



on hematoxylin and eosin (H&E) staining, and has a non-negligible percent-
age of false-negative values (especially if we consider micrometastases), and
cell clusters of diameter <0.2 mm are also associated with relevant recurrence
of disease and lower 5-year survival rates. Correct identification of this false
stage-II population can be achieved by a more sensible (but more expensive)
immunohistochemical (IHC) test. The individualization of a SLN could help to
reach this aim.

3.5 Treatment According to Stage of Colon Cancer

3.5.1 Stages

Stage 0: These cancers are in the inner lining of the colon; polypectomy or
local excision through a colonoscope is often all that is needed. Colectomy may
occasionally be needed if a tumor is too big to be removed by local excision.

Stage I: Several layers of the colon are penetrated from the cancer without
spread outside the colon wall (or into nearby lymph nodes). Partial colectomy
(i.e., surgery to remove the section of colon that has cancer and nearby lymph
nodes) is the standard treatment without the need for additional therapy.

Stage II: Many of these cancers have grown through the wall of the colon and
may extend into nearby tissue. They have not yet spread to the lymph nodes.
Colectomy is usually the only treatment needed. However, adjuvant
chemotherapy may be recommended if the cancer has a higher risk of return-
ing because of certain factors: it looks very abnormal (is high grade) or has a
dangerous histotype; shows MSI; has grown into nearby organs; the surgeon
did not remove all the cancer and ≥12 lymph nodes; the cancer obstructs the
colon or causes a perforation in the colon wall. Many research teams have
studied the way to identify stage II because the risk of recurrence is greater.
Petersen et al. [37] proposed a sub-classification of the prognostic index (PI)
based on four elements subsequently considered by many other authors. Three
of them have a score of 1: peritoneal involvement with or without ulceration;
extramural or submucosal venous spread; or a involved or inflamed margin.
The last element, perforation through the tumor, has a score of 2. Patients in
stage II with a PI of ≥2 are to be considered at high risk and could be candi-
dates for adjuvant therapy (see below). Even the pathological aspects of tumor
necrosis as well as host systemic and local inflammatory responses are taken
into account. Different criteria have been used to measure these variables,
such as the Glasgow Prognostic Score [38] for systemic inflammatory respons-
es, the Klintrup–Makinen criteria [39] for local inflammatory infiltrates and
for the assessment of tumor necrosis. Richards et al. [40] confirmed by statis-
tical means that tumor necrosis is a marker of a poor prognosis, independent
of pathological stage, and that it is associated directly with an increase in the
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systemic inflammatory response and a decrease in local inflammatory cell
infiltrates. This finding suggests that the impact of tumor necrosis on survival
from CRC may be explained by close relationships with host inflammatory
responses. Patients in stage II with extensive tumor necrosis are to be consid-
ered at high risk and could be candidates for adjuvant therapy.

Stage III: There is a spread to nearby lymph nodes, but cancer has not yet
spread to other parts of the body. Partial colectomy followed by adjuvant
chemotherapy is the standard treatment for this stage. 

Stage IV: Distant organs and tissues such as the liver, lungs, peritoneum or
ovaries can be affectted by colon cancer. If only a few small metastases are
present in the liver or lungs and can be completely removed along with the
colon cancer, surgery may prolong life and sometimes may even cure.
Chemotherapy is typically given before and/or after surgery. Other options to
destroy tumors in the liver include hepatic artery infusion, cryosurgery,
radiofrequency ablation, or other non-surgical methods. If the cancer is too
widespread to try to cure with surgery, colectomy or diverting colostomy may
be needed in cases of bleeding or occlusion. Sometimes, such surgery can be
avoided by inserting a stent into the colon during colonoscopy to keep the
lumen patent. Most patients with stage-IV cancer will receive chemotherapy
and/or targeted therapies to control the cancer. 

3.5.2 Recurrent Colon Cancer

Recurrent cancer means that the cancer has returned after treatment. If the can-
cer comes back locally, surgery (often with previous and/or after chemothera-
py) can stop recurrence, prolong life, and eventually cure the patient. If the
cancer comes back at a distant site (liver, lung, others), surgery may be an
option in some cases. If needed, chemotherapy can be tried first to shrink the
tumor(s), and may be followed by surgery. If the cancer is too widespread for
a surgical approach, chemotherapy and/or targeted therapies may be used
depending on which (if any) drugs were received before the cancer returned
and how long ago the patient received them, as well as general health status.
Radiotherapy may be an option to relieve symptoms in some cases.

3.6 Adjuvant Therapy

In previous years, the standard of care for stage-III and -IV disease (and even
some high-risk stage-II disease) was treatment with 5-fluorouracil (5FU) and
leucovorin (LV) for six cycles with surgery or these agents alone in cases with-
out a surgical indication. From 2004, with the results of the Multicenter
International Study of Oxaliplatin/5-fluorouracil (FU)/leucovorin (LV) in the
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Adjuvant Treatment of Colon Cancer (MOSAIC) trial [41], oxaliplatin became
part of the chemotherapy regimen. Also, irinotecan was demonstrated to
improve the effectiveness of 5FU and LV. Hence, the principal protocol of
adjuvant therapy was FOLFOX (5FU, LV, and oxaliplatin) or FOLFIRI (5FU,
LV, and irinotecan). In addition to this regimen, especially in stage-IV disease
or stage III refractory to chemotherapy, targeted therapies (see above) [42]
have become the first-line therapy in recent years. They demonstrate a good
decrease in median progression-free survival and better quality of life in the
absence of mutations of KRAS or BRAF.

3.7 Surgical Treatment

3.7.1 Laparoscopic Colectomy (LC)

Laparoscopic surgery for CRC has undergone slow (but tremendous overall)
advancement since 1991, when first laparoscopic colonic resection for cancer
was described. LC can today be considered the gold standard surgical treat-
ment for colon cancer when indicated appropriately. Randomized clinical tri-
als have shown that this method is safe and effective for malignant disease
with oncologic outcomes equivalent to open surgery [43–45]. LC results in a
shorter hospital stay as well as less morbidity and postoperative pain than open
colorectal surgery. 

Nevertheless significant socioeconomic disparities in the use of minimally
invasive surgery (MIS) for colorectal disease remain. A recent revision of
211,862 colorectal resections carried out at high-volume hospitals in 2008 in the
USA [46] demonstrated that only 16,637 (7.3%) colorectal resections were done
using MIS. It was found that racial and socioeconomic factors influenced appre-
ciably the access to MIS for CRC treatment. Laparoscopic surgery for colon can-
cer is the cornerstone of enhanced recovery programs thanks to its lower level
of injury to potentially complex, immune-challenged hosts. The underlying phi-
losophy of FT programs is to capitalize upon small differences to effectuate
more important global benefits in overall patient recovery in the hope that the
short-term advantages of enhanced-recovery colonic surgery may have impor-
tant cumulative long-term benefits. Clearly, further investigation is warranted.
Under the impact of an ever advancing technology, enhancing the ergonomics
and extending the boundaries of MIS, the next few years are expected to be very
promising for laparoscopic surgery of colon cancer with prospective randomized
studies reaching full maturity and having the possibility to extend the follow-up
to a more significant period of 10 years. The integration of enhanced-recovery
regimens with laparoscopic methods should also provide greater uniformity of
clinical outcomes throughout the world. Furthermore, the previously arduous
learning curve will predominantly be addressed in the postgraduate training
period. The comparisons of experiences will probably lead, in this decade, to an
evermore important technical standardization of colectomies. 
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3.7.2 Single-incision Laparoscopic Colectomy (SILC)

Single-incision laparoscopic surgery (SILS) represents the latest development
in laparoscopic surgery and has been promoted to improve the cosmetic effect
and incisional and/or parietal pain as well as to reduce port site-related compli-
cations. The initial increases in surgical costs associated with purchasing new
equipment do not seem to be mitigated by a significant reduction in morbidity
and duration of hospital stay [47]. SILS has several disadvantages compared
with multiport laparoscopic surgery with regard to surgical instruments and
methods. One of the biggest challenges associated with SILS is the optimal
positioning of instruments. Therefore, SILS requires an experienced surgeon to
overcome the difficulties of triangulation, pneumoperitoneum leaks, and instru-
ment crowding. In fact, many cases require conversion to open or multiport
laparoscopic procedures to get better retraction or aid in colonic mobilization.
Some investigators recommend utilizing articulating instruments or variable-
length tools, including a bariatric-length bowel grasper or an extra-long laparo-
scope to minimize external clashing. Most of the experiences in SILC have
been in the setting of right hemicolectomy [48] (Fig. 3.1). This is because this
procedure was proposed as an intracorporeal ileocolic anastomosis using an
Endo stapler and closure of the orifice left from the stapler by the endostitch
that requires limited wrist movements to avoid interference with the endoscope.
It was also to avoid mesenteric traction occurring with extracorporeal sutures,
which often involve enlarging the incision of the multiport device [49]. Further
advantages can be gained from the use of particular access ports to allow the
introduction of several trocars multiple times, for example using Gelport™, in
which trocars can be kept apart for as long as possible to maintain instrument
triangulation and to prevent clashing outside the abdomen. It has recently been
suggested [50] that the implementation of robotic technology to SILC could
help overcome some of the difficulties associated with conventional SILS.
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3.7.3 Natural Orifice Transluminal Endoscopic Surgery (NOTES)

In specialist centers around the world efforts are being made to assess various
possibilities to transform the new concept of NOTES from the experimental
setting into clinical practice. The common focus of these concepts is to mini-
mize trauma to the abdominal wall while gaining access to the peritoneal cav-
ity and/or extracting the surgical specimen through a natural orifice such as the
mouth, anus or vagina as well as reducing the incisional complications of pain,
infections and hernia. Endoscopic technology is not available to carry out
NOTES exclusively for complex procedures such as a colon resection, so a
hybrid solution has emerged. 

In this setting, there has been renewed interest in a classically described
method of natural orifice specimen extraction (NOSE), which was originally pro-
posed by Franklin. This hybrid method uses a natural orifice for instruments and
tasks that need a larger diameter of access (>5 mm) to the abdominal cavity.
NOSE also allows for laparoscopic assistance via small-size trocars to reduce the
trauma of access and morbidity. An interesting combination of laparo-endoscop-
ic single-site (LESS) and NOSE was also developed and experimented in sig-
moidectomy to push the technical limits of MIS of the colon [52]. A recent review
of transvaginal specimen extraction in colorectal surgery [53] reported on 130
patients of which 67 had colonic cancer. Two significant complications, pelvic
seroma and rectovaginal fistula, were likely to have been related to transvaginal
extraction. The duration of follow-up was specified in only one study. Harvested
nodes and negative margins were adequate and reported in 70% of oncological
cases. There is relative skepticism about the possibility of propagation of these
procedures considering the high costs in terms of instrumentation and prolonged
operating time due to the technical difficulties of these procedures.

3.7.4 Robotic Colon Surgery

Theoretically, the demerits of laparoscopic methods such as unstable camera plat-
forms, limited degrees of freedom, two-dimensional imaging, and ergonomic
constraints could be overcome by robotic surgery. Its implementation has gained
acceptance in rectal surgery, appearing able to ensure a more refined total
mesorectal excision accurate with nerve sparing. However, it remains unclear if
robot-assisted colectomy (RAC) has significant clinical advantages over laparo-
scopically assisted colectomy (LAC) in treating colonic cancer. The use of robot-
ic technology for colon resections has been reported in several small series in the
past years. In 2004, D'Annibale and colleagues [54] reported on 53 patients
undergoing robotic colorectal surgery in which 22 patients underwent surgery for
malignant disease. In this series, no significant difference in total operating time
was noted between laparoscopic and robotic groups (although a longer time was
required to prepare the operating room in the robotic group). Specimen length,
number of lymph nodes harvested, intraoperative blood loss, and duration of hos-
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pital stay were comparable between the groups. In 2011, Luca and colleagues
[55] published the results of a case-matched series in which the outcomes of
patients undergoing right hemicolectomy for cancer were compared with patients
undergoing open resections. Although the operating time was longer in the robot-
ic cohort, patients in this group demonstrated reduced intraoperative blood loss
and a shorter duration of hospital stay than patients in the open surgery cohort.
Consistent with the report by D'Annibale and colleagues, patients in both groups
had similar specimen lengths and number of lymph nodes harvested. 

Despite these promising reports, several challenges must be addressed before
robotic technology can be adopted for colon surgery. Robotic surgery is associated
with substantive costs, which may prohibit the widespread implementation of this
method. Limited robotic instrumentation for intra-abdominal surgery is available,
highlighting the importance of continued development of devices. The required
machinery is bulky, resulting in difficulties with maneuvering and the need for sub-
stantial space in the operating room. As with all new technologies, specialized
training and proficiency is required before implementation. With increased experi-
ence and familiarity with the procedure, the longer operating times associated with
robotic colon resections have been shown to decrease. The feasibility and safety of
RAC have been confirmed but prolonged operating time and elevated costs with-
out actual significant benefit to justify the greater cost were reported recently from
Shin et al. [56]. Continued advances are undoubtedly expected, although the ulti-
mate utility of this method for routine colon resections remains to be seen. 

3.8 Conclusions

Colon cancer remains a major therapeutic challenge. In many ways, the encour-
aging results achieved from the improvement and dissemination of screening,
the good outcomes of MIS and ERAS programs, as well as the deepening of
genetic knowledge with the introduction of targeted therapies, has allowed sig-
nificant progress in the battle against colon cancer. There is no consensus on the
role of robotic SILS and NOTES colectomy in the treatment of this serious dis-
ease. Technological progress and the results of the first multicenter studies in
progress may clarify the true costs and benefits of these treatments.
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4.1 Introduction

In recent years, improvements in preoperative staging, surgical methods and
histological assessment have helped to ameliorate the long-term outcome of
patients undergoing surgery for carcinoma of the rectum and anus. In this
chapter, we analyze some features concerning prognostic factors and minimal-
ly invasive applications in rectal cancer and anal carcinoma.

4.2 Carcinoma of the Rectum

4.2.1 What are the Oncologic Outcomes for the Different
Surgical Options?

The propagation of total mesorectal excision (TME) has significantly
improved locoregional control in rectal cancer. Local recurrence rates of
≈10% after quality TME without neoadjuvant treatment have been described
in randomized trials [1]. TME is recommended as the standard of care for rec-



tal cancers localized in the middle and lower third of the rectum. Partial
mesorectal excision is adequate for rectal cancer localized in the upper third of
the rectum (>10–15 cm from anal verge) because it is associated with reduced
morbidity [2].

The oncologic value of TME is not in doubt, but there is concern about its
significant postoperative complications and long-term side effects. The ‘ante-
rior resection syndrome’, including functional disorders such as incontinence,
urgency, and incomplete rectal evacuation, is considered to be a consequence
of TME and low rectal anastomoses.

A recent multicentric trial [3] reported morbidity and mortality rates of
about 30% and 5%, respectively. For instance, poor bowel function was noted
in 30–60% and genito-urinary disorders were seen in 30% of subjects. 

Population-based registries have shown that improvements in oncologic
outcome after TME occur mainly in younger patients. Furthermore, 6-month
postoperative mortality is significantly increased in elderly patients (≥75 years
of age) compared with younger patients (<75 years of age). For elderly
patients with diminished physiological reserves and comorbidity, alternative
treatments to TME that keep surgical trauma to a minimum and optimize
radiotherapy (RT) might be more suitable [2].

However, TME does not seem to be effective in reducing local recurrence
rates for low rectal cancers undergoing abdomino-perineal resection (APR). A
review pooling >3,600 patients [4] found a 5-year local recurrence rate of
19.7% after APR compared with 11% for anterior resection (AR). Patients
managed with APR had an 11% reduction of cancer-specific survival com-
pared with those managed with AR. This is probably not due to the tumor biol-
ogy but to an increased risk of positive circumferential resection margins
(CRMs) and of iatrogenic perforations during APR.

Most of the studies in the last 30 years have confirmed that a positive CRM
increases the likelihood of local recurrence by approximately fourfold, and that an
inadvertent perforation of the bowel indicates a threefold risk of recurrence [5].

According to den Dulk et al., [4] the rate of CRM involved is 10,6% for
APR compared with 5% for AR. The occurrence of a rectal-wall perforation
(in the proximity or within the tumor itself) is 13.7% for APR compared with
2.5% for AR. If effective radical surgery is done (without positive CRM or
perforation), APR patients share the same prognosis as AR patients [6].

Local excision (LE) of rectal cancer is associated with excellent surgical
results and no risk of functional problems, but unfortunately lymph-node stag-
ing is not possible. This strategy can be discussed as an alternative to “stan-
dard” TME only in case of very early T1 tumors with favorable pathologic fea-
tures (low grade, absence of blood or lymphatic vessels, superficial invasion
of submucosae). In a study by Peng et al., [7], this “low risk” subgroup had a
5-year pelvic recurrence rate after local resection of 1.2% (not so different
compared with the 0.4% relapses observed after TME surgery [1] for the same
group of tumors) whereas “high risk” lesions with adverse pathological
aspects had a local failure rate of 21% (similar to T2 cancers).
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Transanal endoscopic microsurgery (TEM) is a technically reliable option
to carry out LE. This method allows removal of the full thickness of the rectal
wall with a high quality of surgical excision (R0 resection) as well as in cases
of mid and upper lesions. According to a study from Moore et al., [8] the R1
resection rate was lower with TEM than with conventional transanal surgery
(6% vs 31%) whereas morbidity and mortality rates did not differ.

After LE, the specimen must be analyzed carefully to evaluate its integri-
ty, the depth of invasion in the bowel wall, absence of margin infiltration (lat-
erally and deeply), and unfavourable histopathological criteria. In such cases,
further radical surgery is required and is usually carried out within 1 month
after LE of the tumor [9]. This “delayed” rectal resection does not compromise
oncologic outcome compared with primary radical surgery [9] but is associat-
ed with a higher rate of surgical-related complications (48% according to a
recent study) [10].

Otherwise ‘salvage’ surgery (resection only if relapse is clinically evident)
is associated with very poor outcomes. Three-year cancer-related survival of
50% in patients undergoing salvage APR for local failure after LE of a T1 rec-
tal tumor have been described [11]. 

Key Concepts
• Good-quality TME for resection for cancer of the middle and low rec-

tum is associated with a local failure rate of ≈10% and is considered
to be the “gold standard” for the treatment of these lesions;

• Also with TME, conventional APR is an independent predictor of
higher local recurrence and worse cancer-specific survival as com-
pared with AR, with a difference of 10% at 5-years follow-up;

• LE (preferably with a TEM procedure) is an alternative to TME resec-
tion in case of T1 tumors with favorable pathological features. If
adverse criteria are present on local rectal specimen, further radical
surgery is required.

4.2.2 What are the Current Indications for Multimodal Approach
to Locally Advanced (T3–4 and/or N+) Rectal Cancer?

The benefit of TME on local control can be increased with preoperative short
course RT. This was shown by a large multicentric randomized trial from the
Dutch Colorectal Cancer Group [1]. This study found better rates for local fail-
ure for stage-II and stage-III disease after preoperative RT followed by TME
rather than after surgery alone. In the recently published 12-year follow-up
update, the 10-year cumulative local recurrence rate was 5% for integrated
treatment compared with 11% for surgery alone [6].

However, preoperative RT does not compensate for positive CRM such as
postoperative treatment. In a trial conducted by Sebag-Montefiore et al., [12]



patients with CRM involvement on the surgical specimen were managed with
postoperative RT, but the 3-year local recurrence was 20,7%. 

The optimal sequence of surgery and RT was addressed by the
CAO/ARO/AIO-04 trial [13]. This study showed less toxicity and local failure
(but no survival benefits) with preoperative therapy compared with postoper-
ative therapy. 

Based on these data, nowadays most patients receive preoperative RT fol-
lowed by TME for locally advanced presentations (e.g., T3–4 and/or N+).

Two neoadjuvant regimens are currently used: “short course” RT and “long
course” concomitant chemoradiotherapy (CRT). Phase-III trials have failed to
suggest the preferred approach. In a Polish trial [14] comparing preoperative
CRT and RT, no difference in survival and local control was found at a medi-
an follow-up of 4 years, but the CRT arm had a significantly lower rate of
CRM involvement after surgery than the RT arm (4% vs 13%) as a conse-
quence of more tumor regression.

Phased array magnetic resonance imaging (MRI) is highly accurate method
for the prediction of CRM positivity [15]. MRI can help to define if a lesion is
as close as 1 mm or directly involves the mesorectal fascia. In these cases, it
has been suggested that a preoperative CRT regimen can manage threatened or
involved CRMs better than RT.

Local control is clearly improved by radiotherapy, but there are no defini-
tive data about the efficacy of RT on overall survival. Five meta-analyses have
reported conflicting results [2]. The analysis by Camma et al. and the
Collaborative Colorectal Cancer Group reported a survival advantage with RT,
whereas studies by Munro and Bentley and Fiorica and Cartei did not. The
Swedish Council of Technology Assessment in Health Care undertook a sys-
tematic review of RT trials and reported that survival is improved by ≈10%
using preoperative RT. Probably the reduction in local failure rates in most
intermediate cancers after TME standardization is too small to translate into an
overall survival benefit irrespective of which RT modality is used.

However, radiotherapy is not free from long-term sequelae. According to a
trial from the Dutch Cancer Group [16], the combined RT and surgery arm
reported increased rates of long-term fecal incontinence after TME resections
compared with surgery alone, (62% vs 38%, respectively) and, at 12-year fol-
low-up, there were more deaths for further (not rectal-related) malignancy
within the irradiated patients group [6].

Hence, management of rectal cancers demands a tailored approach taking
into account an accurate balance of the risk and benefits of RT and surgery. 

According to guidelines set by the European Society of Medical Oncology
(ESMO), [17] RT or CRT followed by TME is the standard treatment for local-
ly advanced cancers of the middle and low rectum, with the exception of middle
rectum T3a/b N0 lesions. This specific subset of tumors without invasion of the
mesorectal fascia may be managed in two ways: with short-course RT (minor
toxicity compared with CRT [14]) or with surgery alone (because the benefits in
local control with radiation may not be worth the risks of the side effects). 
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Lesions in the upper third of the rectum (>10 cm from the anal verge) are
usually managed like colosigmoid cancer without radio(chemo)therapy. Only
patients with bulky tumors involving adjacent structures or peritoneal reflec-
tion show disease-free benefit with preoperative CRT [12].

Key Concepts
• Preoperative RT is effective in improving local control for locally

advanced middle and low rectum tumors and can be discussed for T4
high-rectum lesions;

• Reports suggest that a favorable subgroup of T3N0 middle rectum
tumors with low rates of local failure can be managed with surgery
alone;

• The preferred neoadjuvant regimen (RT or CRT) remains undeter-
mined. Long-course CRT enhances tumor downstaging. Toxicity-asso-
ciated rates are probably lower with short-course RT;

• Positive CRM on the surgical specimen is a strong predictor of local
recurrence and cannot be compensated by preoperative or postopera-
tive RT. However, the rate of CRM involvement can be reduced by
tumor regression after neoadjuvant treatment; 

• Use of MRI parameters can help to tailor neoadjuvant regimens.

4.2.3 Pathological Complete Response (pCR) after Neoadjuvant
Treatment: a New Prognostic Factor?

Several studies underline the ability of CRT to downstage the tumor and the
associated lymph nodes, with complete disappearance of all neoplastic cells in
≤20% of cases [18]. This occurrence is called a pCR and is defined on the sur-
gical specimen using strict histological criteria [2].

Although level-I evidence is lacking, the concept that pCR is a new prog-
nostic factor associated with very good oncologic outcome is supported by
data from two recent meta-analyses [18, 19]. The authors analyzed primarily
retrospective studies and found that, after TME resection, complete responders
showed local recurrence rates (0.7%), 5-year overall survival (90.2%) and dis-
ease-free survival (83.3–87.0%) that were comparable with those after R0
proctectomy for stage-I rectal cancer. Notably, the effect of pCR on long-term
outcome was independent according to initial clinical T and N category. 

Many important questions regarding post-RT downstaging and pCR have
not been answered.

The first problem concerns the rate of distant disease despite the apparent
disappearance of the primary tumor. Although local recurrence appears to be
almost completely eradicated, distant failure is not: ≈9% of pCR tumors devel-
oped metastatic disease at 5 years [18, 19]. This finding may be an indication
that adjuvant chemotherapy is warranted in these patients. According to Maas et
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al., [19] ≈39% of complete responders underwent adjuvant chemotherapy after
surgery. However, a recent European Consensus Conference failed to reach
agreement about the benefit of postoperative chemotherapy after CRT [2]. 

A second problem is regards predicting the pCR before the onset of RT.
Potential predictors of response under investigation are pretreatment tumor
volume and certain biological factors (e.g., p53, epidermal growth factor
receptor (EGFR), Ki-67, P21, and Bax/bcl-2).

Other foci of research are strategies to maximize pCR rates. Several recent
randomized trials have assessed the use of bevacizumab, oxaliplatin and
capecitabine as radiosensitizing agents alone or in association with 5-fluo-
rouracil (5FU). The use of these new chemotherapics does not seem to
increase the pCR rate. Only the German study CAO/ARO/AIO-04 [13] found
a modest augmentation (4.5%) of the pCR with oxaliplatin. Conversely, toxi-
city rates were higher compared with conventional regimens. 

Another simple option for increasing pCR rates is to lengthen the interval
between CRT completion and surgery. The Lyon R90-01 trial is the only
prospective trial in which patients with locally advanced rectal cancer were
assigned randomly to have surgery at two time intervals after CRT. This study
found that a 6–8-week interval resulted in a higher response rate compared
with a 2-week interval [20].

In two studies, [21, 22] an 8-week interval between CRT and rectal resec-
tion was significantly associated with a pCR rate of 32–35% vs 16–17% com-
pared with a shorter interval. According to Kalady et al., [22] other benefits
were not observed with a resting period >12 weeks.

Key Concepts
• pCR practically eradicates the risk of local recurrence after TME

resections (0.7% after 55.5 months);
• However, if local control appears to be almost complete, distant dis-

ease is not (8.7% of patients after 5-year follow-up). The indications
for adjuvant therapy in this setting are a matter of research;

• Although there are only initial reports, a long resting interval after
CRT seems to increase pCR rates;

• Using a combination of new CRT agents increase toxicity without
allowing a higher pCR rate.

4.2.4 Can a Tailored Approach be Possible after Major CRT
Response?

Keeping in mind the possible complications and side effects of TME, there is
a strong suspicion that TME could be an overtreatment of major tumor regres-
sion. Some surgeons argue that more conservative strategies are preferable. 



4.2.5 Rectum-conserving Strategies

4.2.5.1 Role of LE after CRT
According to a recent review, [23] there are 16 reports on transanal excision of
downsized tumors after CRT (especially using TEM). Interpretation of data
from these series is difficult due to the different selection criteria and because
many studies involved patients who are elderly or unsuitable for surgery, and
who are effectively being treated palliatively.

Only two studies involved a large proportion of patients with node-positive
tumors, and had contrasting results. Callender et al. [24] found that the local
recurrence rate was about fourfold higher for pre-CRT node-positive tumors
than for node-negative tumors (23% vs 6%). Nair et al. [25] did not find that
nodal positivity before irradiation was associated with increased rates of local
recurrence.

Nodal positivity is an accepted adverse prognostic factor after CRT, so
most studies have assessed the value of TEM after CRT only in patients who
were node-negative before treatment on the assumption that they would
remain so after CRT.

In a prospective trial [26] on T2 node-negative tumors, 70 patients were
randomized to undergo CRT followed by laparoscopic TME resection or
transanal excision. At 5 years, there was no difference in disease-free or over-
all survival between the two groups.

According to the European Society of Medical Oncology/European Society
for Radiotherapy and Oncology/European Cancer Organisation (ESMO/
ESTRO/ECCO) consensus conference, [2] LE associated with preoperative
CRT is an appropriate procedure for T2 tumors only if major surgery is con-
traindicated or refused.

4.2.5.2 Role of an Observational Strategy
A series of retrospective studies by Habr-Gama and co-workers suggested that
simple observation of patients achieving a clinical complete response (cCR)
could yield survival rates similar to those of patients who undergo radical sur-
gery with confirmation of a pCR [27].

However, most studies addressing a non-surgical approach are mainly from
a research team in Brazil and their results are unique. They have not been
replicated in any other center with the exception of a small series (21 patients)
from Maas et al. [28] using very strict selection criteria (after CRT, only 11%
of patients were considered to be complete responders).

The major challenge with the “wait and see” approach is the clinical defi-
nition of response before surgery. No imaging techniques allow an accurate
differentiation between residual tumor cells and radiation-induced fibrosis.
Some authors recommend execution of a full-thickness biopsy or a TEM to
confirm clinical and imaging data. Habr-Gama et al. claim that TEM after CRT
results in significant morbidity, wound dehiscence and a readmission rate of
30% [29]. The ongoing Transanal Endoscopic Microsurgery (TEM) After
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Radiochemotherapy for Rectal Cancer (CARTS) trial [30] will analyze these
aspects.   

Staging tools lack sufficient accuracy also for the assessment of lymph
nodes. As a consequence, despite an apparent complete luminal and mural
tumor response, 2–5% of patients may still have positive nodes [23]. In a
recent series from Habr-Gama et al., [31] 1/5 conservatively managed patients
had disease recurrence within the first year after an apparent cCR. Notably all
these recurrences were endoluminal and amenable to surgical salvage without
significant differences in overall or disease-free survival from patients who
underwent radical surgery in the first instance. However, other authors sug-
gested that ≤25% of relapses could not be salvaged by surgery because of
pelvic recurrence [32]. These conflicting results can be partially explained by
different selection of patients and different follow-up programs.

Firstly, Habr-Gama et al. claimed that an observational approach is best for
very low, early-stage rectal cancers that are likely to be initially node-negative
whereas medium-stage and late-stage large rectal cancers (i.e., pre-CRT T3 or
T4) may be best treated with an anterior resection. In their series, only 22% of
tumors were node-positive and the average tumor size was only 3,7 cm. In
other studies, tumors did not appear to be selected on the basis of site or size.
In the only European study for which outcomes are similar to those from the
Brazilian group, [28] T3 and T4 lesions were considered eligible, but >1 out
of 4 tumors were T1 or T2 cancers.

Secondly, Habr-Gama et al. stated that an exceptionally rigorous follow-up
program (monthly clinical assessments, proctoscopy, serial measurement of
carcinoembryonic antigen (CEA) and CT) is needed. The lack of international
consensus on the type or frequency of follow-up meant that other authors did
not appear to have such a meticulous follow-up, so recurrence may have been
detected late.

Key Concepts
• Organ preservation represents one of the ongoing topics of surgical

research on rectal cancers: there must be clear differentiation between LE
of downstaged tumors and simple surveillance after a major response;

• Outcomes of LE are clearly documented for initial N0 tumors whereas
studies on N+ tumors are rare because of the concern about the persistence
of metastases in locoregional lymph nodes after downstaging;

• In a small (70 patients) prospective trial on T2 N0 tumors which respond-
ed to preoperative treatment, LE showed a similar 5-year disease-free and
overall survival after LE as conventional TME;

• The ‘‘wait-and-watch” philosophy has been adopted in patients where an
APR has been the alternative by one research team with impressive results,
similar to those seen after RT for anal carcinoma. This treatment policy is
an investigational approach and the standard of care remains surgery.
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4.2.6 Does Tumor Downsizing Induced by Neoadjuvant
Radiotherapy Increase the Likelihood of a Sphincter-saving
Procedure? 

The extent of resection is usually planned before the onset of RT without
reconsidering the surgical strategy after its completion regardless of tumor
response. RT can change this philosophy because same surgeons from special-
ist centers claim that the indication for AR can be reconsidered after tumor
downsizing for patients initially earmarked for APR [33]. The rationale of this
approach is that there is no clear demonstration that a more distal resection
margin is required after preoperative treatment. The usual rule of 1–2 cm of a
lower margin established for patients managed with primary surgery is proba-
bly also valid after RT [34]. Hence, if the distance between the lower pole of
the tumor to the anal verge is increased after neoadjuvant RT, a definitive
stoma can be avoided. In this setting, CRT should be used due to greater tumor
regression rates then short-course RT.

However the evidence from randomized trials supporting the beneficial effect
of CRT on avoiding a definitive stoma is still weak. In only three randomized tri-
als on RT the subgroup of patients initially scheduled for APR was clearly
defined before the onset of preoperative RT, but results from the three studies [13,
14, 20] were conflicting. In the CAO/ARO/AIO-04 trial, [13] the effect of CRT
on sphincter-preservation rates was evident: 39% of candidates for APR could
benefit from AR after preoperative irradiation. These findings, however, were not
confirmed by a similar analysis of the Lyon R90-01 trial [20] and by a Polish trial
[14]. In the latter study, despite significant tumor downsizing with long-course
preoperative CRT, (pCR 16% vs 1% with short-course RT) no increase in AR was
observed. The authors noted that, in some situations, AR was not done even in
cases of cCR. Surgeons’ willingness to adapt the procedure to tumor shrinkage is
of crucial importance; if the final decision on sphincter preservation is based on
tumor status at the beginning of treatment and not at the time of surgery, the inter-
pretation of the results becomes impossible.

However sphincter-preserving surgery is related not only to preoperative
treatment but also to the technical skill of the surgical team. A clear demon-
stration of this fact was given in the recent Sphincter-preserving Surgery after
Preoperative Treatment for Ultra-low Rectal Carcinoma (GRECCAR I) trial
[35]: 85% of cancers at <1 cm from the levator ani could have been treated
with AR after CRT. This result was due to tumor downsizing and to the exten-
sive use of intersphinteric resection (3/4) by the authors.

Key Concepts
• According to some surgeons, the decision to carry ou AR or APR should

be discussed after neoadjuvant CRT and not before because of the possi-
bility of tumor downstaging induced by irradiation;
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• The literature is inconclusive in evaluation of the role of preoperative CRT
in promoting sphincter-saving surgery for low-lying tumors (although a
subgroup analysis of one randomized trial supports this idea;

• The number of patients with preserved sphincters has increased from 25%
up to 50–75% in the last 30 years. The change in attitude to surgery may
be at least as important as the effects of preceding CRT in explaining this
increase.

4.2.7 Is Extralevator Abdomino-perineal Resection 
a New Surgical Standard?

The increased number of positive CRMs and iatrogenic perforations with conven-
tional APR (both of which are avoidable) led to a more extensive procedure called
“cylindrical” or “extralevator abdomino-perineal amputation”. This procedure has
the purpose of increasing the size of the specimen at the levator plane. The perineal
incision in the anterior direction follows the same plane as the current method
whereas, in the posterolateral direction, it is larger than usual, and may also include
the coccyx, which will be disarticulated [36]. The dissection proceeds as far as the
muscular plane, which is cut very close to the obturator muscle.

During the perineal stage, the patient should be put in the prone position as
in the original description of his method by Miles. The prone “jackknife” posi-
tion allows the rectum to be prolapsed after opening the pelvis, giving excel-
lent visualization of the plane between the rectum and prostate/vagina. 

Though extended and conventional APR have never been compared in a
randomized trial, according to a recent review, [5] the extralevator method
demonstrated local recurrence rate of 6.6% compared with 11.9% for the con-
ventional method as a result of a lower prevalence of a positive lateral margin
(9.6% vs 15.4%) and of intraoperative visceral perforation (4.1% vs 10.4%). 

In a recent study on 655 consecutive patients undegoing radical resection for
rectal cancer [37], stage-specific local recurrence was not significantly different
between cylindrical APR and AR (local recurrence was 6% vs 3.1% and 3% vs
6%, respectively, for APR and AR  in stage I–II and in stage-III rectal cancer).
Interestingly, neoadjuvant CRT was not used in this study. Nevertheless, extrale-
vator surgery often requires gluteal flaps or biological meshes for the reconstruc-
tion of the perineal region and is associated with increased perineal wound com-
plications (from 20% to 38% according to West et al.), [38] which are usually the
main reason of prolonged hospital stay for these patients. 

Key Concepts
• According to a recent review focusing on retrospective studies, extra -

levator APR is associated with a local recurrence rate of 6.6%, which
is comparable with AR;
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• This method is associated with perineal wound complication in 20% to
30% of cases;

• It seems reasonable to reserve conventional APR for patients who do
not have invasion of the external sphincter but ineligible for ultra-low
AR because of  pre-existing incontinence and to carry out an extrale-
vator APR for more advanced tumors.

4.2.8 Role of Minimally Invasive Surgery

The laparoscopic and, more recently, the robotic approach, in rectal surgery
have been increasingly adopted [39–43]. The efficacy and safety of mininva-
sive rectal resection has been demonstrated in randomized controlled studies,
with better short-terms results than open procedures, and with the same long-
term oncological outcomes [39–43]. 

Robotic technology was developed in an attempt to reduce the limitations
of laparoscopic pelvic surgery, which requires a considerable learning curve.
The robotic system has many advantages: three-dimensional vision; stable
camera; multi-articulated instruments; and elimination of tremor and subse-
quent improved dexterity (especially in the narrow, deep pelvis, which permits
a more accurate nerve-sparing TME) [42–43]. The da Vinci Surgical System Si
HD© with four arms allows a single-docking, full robotic procedure, as
described initially by Kim et al. [44]. 

In rectal surgery, innovative imaging with indocyanine green near infrared
(ICG-NIR) fluorescence is a new and wide field of research using a dedicated
platform. The components of this system are: a surgical endoscope capable of
white-light and NIR imaging; a three-dimensional, high-definition stereoscop-
ic camera head that is coupled to the endoscope; and an endoscopic illumina-
tor that provides visible light and NIR illumination through the surgical endo-
scope via a flexible light guide. By intravenous injection of dye it is possible
to visualize, in real time, the vascular anatomy to evaluate perfusion in the
large bowel stump before stapling. Also, by injecting the dye in a peritumoral,
subserosal or submucosal manner, it is possible to obtain lymphatic mapping
and “rectal tumor tattooing” [45–46].

Key Concepts
• Minimally invasive surgery for rectal cancer is safe and effective, with

better short-term results than open procedures and identical long-term
oncological outcomes;

• Robotic technology was developed to reduce the limitations of laparo-
scopic pelvic surgery;

• Imaging with ICG-NIR fluorescence allows visualization, in real time,
the vascular anatomy and permits lymphatic mapping.



4.3 Carcinoma of the Anus

Despite its short length, the anal canal can produce various tumors. These
tumor types can be categorized as: squamous cell tumors, adenocarcinoma,
neuroendocrine neoplasms, malignant melanoma, mesenchymal tumors and
malignant lymphoma.

Anal squamous cell carcinomas account for ≈70% of all anal cancers in the
USA [47]. Various etiologies have been implicated in their development, the
most significant being human papillomavirus (HPV) infection [48].
Adenocarcinoma of the anal canal accounts for ≈10% (range, 5–19%) of all
anal canal cancers [49]. Crohn’s disease or other inflammatory conditions that
result in chronic anal fistulas may predispose to the development of fistula-
associated adenocarcinomas [50].

Anal melanomas account for ≈4% of anal canal tumors and <1% of all
melanomas [51]. 

Although various mesenchymal tumors may occur in the anal canal, the
most common ones are smooth muscle tumors and gastrointestinal stromal
tumors (GISTs).

4.3.1 Treatment

Most anal canal carcinomas are managed using CRT [52]. For all stages of
localized squamous cell cancers of the anal canal, concurrent chemotherapy
and RT is recommended over RT alone to improve local control and decrease
colostomy rates. The optimal drug combination for squamous cell cancer of
the anal canal is 5FU plus mitomycin C (MMC), concurrently with RT [53].

Randomized controlled trials have shown a significantly lower local failure
rate with CRT compared with RT alone with a significantly higher disease-
free and colostomy-free survival with the addition of MMC [54]. Combined
chemotherapeutic regimens have been advocated in the treatment of metastat-
ic disease but these treatments have not been standardized [55]. There are no
data on the efficacy of biological agents combined with CRT (though several
trials are in progress) [56]. Initial cCR rates were reported in 7 of 9 patients
(78%). There are ongoing trials such as ECOG E3205, AMC045 trials, and the
FNLCC trial (which has been modified after early toxicity was reported).

4.3.1.1 External Beam Radiation Therapy
Martenson and colleagues from the Mayo Clinic [57] published a retrospective
study of 18 patients treated with external beam radiation only for stage-T1 and
-T2 tumors. They showed a high tumor control rate with 100% freedom from
local recurrence, and a 5-year survival rate of 94%. The radiation doses used
in this study were higher than those used previously, reaching 67 Gy in total.
Researchers from the Memorial Sloan Kettering Cancer Center suggested that
a select group of patients with small lesions were candidates for initial exci-

60 P. De Paolis et al.



4 Carcinomas of the Rectum and Anus 61

sional biopsy followed by postoperative radiation with a limited dose of 30
Gy, this being adequate for disease control [58]. There is evidence of a radia-
tion dose response; little more than 30 Gy may be needed to control areas in
which there is only a risk of microscopic tumor burden. Gross tumor may
require doses >55 Gy to give optimal probability of disease eradication. As in
many other curative treatment situations, continuous-course irradiation appar-
ently confers an advantage over split-course radiation [52]. Surveillance regi-
mens after CRT are not standardized, and controversies exist regarding evalu-
ation for recurrent disease [55]. It is well known that anal cancers continue to
regress well after treatment, but the exact timing of maximal tumor regression
is not clear [55]. Routine biopsy is controversial for monitoring the response
to CRT, with some clinicians advocating multiple random biopsies every 3
months, whereas others target only clinically suspicious lesions [55]. After
CRT, 10–15% of subjects will have persistent disease and around 10–30% of
patients can be expected to have subsequent recurrence. The standard treat-
ment for persistent and recurrent disease is APR [59]. 

Assessment of clinical response usually takes place 6–8 weeks after com-
pletion of treatment, with 60–85% of patients expecting to achieve a cCR [60].
Residual or recurrent tumors must be confirmed histologically before consid-
ering radical surgery [52]. Haboubi et al. [61] showed that, in salvage surgery,
the prognosis is worse for certain categories: non-responders more than those
with recurrence; initial tumor size of ≥5 cm; depth of invasion into and beyond
the levator ani; patient age ≥55 years; and lymph-node involvement. Recent
guidelines from ESMO [52] suggest that LE can be considered only for small
well-differentiated carcinomas of the anal margin (T1 N0), i.e., <2 cm in diam-
eter, without evidence of nodal spread. Several studies in rectal cancer speci-
mens have demonstrated that histological quantification of tumor regression is
useful for determining tumor response to CRT, and showed prognostic signif-
icance with regard to local recurrence and disease-free survival [62]. The
three-category system described by Ryan et al. in 2005 is recommended
because it provides good interobserver reproducibility and prognostic infor-
mation [63]:
• Grade 0: no viable cancer cells (complete response);
• Grade 1: single cells or small groups of cancer cells (moderate response);
• Grade 2: residual cancer outgrown by fibrosis (minimal response);
• Grade 3: extensive residual cancer (poor response).

For Grade 0, a complete pathological response is combined with grade 1 in
the classification described by Ryan et al.

Key Concepts
• The paradigm of external beam radiation therapy with concurrent 5FU and

MMC developed over 30 years ago remains first-line treatment;
• Surgery is reserved for small N0 anal cancers, and for persistent or



recurrent disease. National and international trials in this disease site
[64] to evaluate new treatment modalities are ongoing throughout
Europe (Table 4.1);

• New experimental regimens may achieve better results in advanced stage
anal cancer than those achieved so far.
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Table 4.1 Ongoing trials for anal cancer. Reproduced with permission from [64]

Phase II trials N. Design RT dose CR Median 3 yr 3 yr OS
F/U DFS CFS
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5.1 Introduction

Hepatobiliary surgery has had an extraordinary evolution in recent decades. In
the 1970s, it was a high-risk procedure undertaken by few surgeons treating
advanced diseases having a poor prognosis. To date, hepatobiliary surgery is
a standardized procedure, carried out routinely, reaching near-zero mortality
rates and offering a chance of cure to many cancer patients. Furthermore, the
surgeon is no more the only “actor” in patient treatment. He/she has been
inserted into a multidisciplinary setting in which his/her expertise is combined
with that of oncologists, gastroenterologists, radiologists and radiotherapists
to optimize management of patients. Hepatobiliary surgery is now considered
a separate specialty undertaken by dedicated surgeons. Even if the centraliza-
tion of hepato-biliary oncology and surgery has not yet been standardized,
many data are in favor of this direction, and referral centers can be easily
identified. We will try to depict the most important ad innovative data during
recent years in hepatic and biliary surgical oncology. Solid evidences and new
perspectives will be analyzed. Due to the unfeasibility of analyzing every
issue, the most significant ones will be considered briefly. 

5.2 Hepatocellular Carcinoma (HCC)

In the past, liver surgery for HCC was associated with high rates of mortality
and liver failure due to the underlying cirrhosis and poor functional reserve of
the liver. Today, the fragility of these patients remains and should not be for-



gotten, but simple selection criteria help in the identification of good candi-
dates for surgery. Together with the traditional Child–Pugh score (only class-
A patients are amenable to surgery), the indocyanine green retention test can
be adopted as well as the Model for End-Stage Liver Disease (MELD) score in
combination with plasma sodium values to refine patient selection. Mortality
rates lower than 5% are the present standard, reaching 0% in some series.
These advances have allowed the extension of indications to more complex
procedures. 

5.2.1 Indications

In 2000, the Barcelona Clinic Liver Cancer (BCLC) Consensus Conference and
the subsequent guidelines from the European Association for the Study of the
Liver (EASL) and the American Association for the Study of Liver Diseases
(AASLD) defined, as a candidate for surgery, the Child–Pugh class A patient
with a single tumor of diameter <5 cm without macrovascular invasion or por-
tal hypertension [1]. In these patients, surgery achieves excellent survival
results over 60% at 5 years. Unfortunately, the same guidelines contraindicated
resection in patients affected by advanced HCC, that are the majority of cases.
For such patients, only palliative treatments were proposed. In practice, liver
surgeons regularly break guidelines and schedule surgery for patients with large
and oligonodular HCC, with a tumor thrombus in branches of the portal vein or
hepatic veins and with mild portal hypertension. Many authors have reported
favorable outcomes. The most important series involved 2,046 patients from 10
large centers worldwide [2]. Half of the patients were affected by advanced
HCC. Ninety-day mortality was less than 3% and overall survival at 5 years
was 56% (60% for BCLC class 0-A and B patients, 38% for class-C patients).
These results largely exceed the survival expectancy after palliative treatments,
and strongly suggest the need for an update of the guidelines. 

5.2.2 Anatomic vs. Non-anatomic Resection 

HCC has a typical pattern of spread along the portal branches. Satellite nod-
ules may be found into the same liver segment even distant from the primary
lesion. Hence, theoretically anatomic segmental resection should be the stan-
dard treatment to prevent local recurrence. For many years, the superiority of
anatomic over non-anatomic resection has been debated and no clear benefits
of survival after anatomic resection have been demonstrated. In 2008, a
Japanese survey collected more than 5,500 patients undergoing liver resection
for single HCC [3]. The authors demonstrated a prognostic superiority of
anatomic resection only for HCC ranging from 2 cm to 5 cm. In HCC of diam-
eter <2 cm, atypical resection was adequate, whereas in large HCC other prog-
nostic determinants needed to be considered.
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5.2.3 Surgery vs. Radiofrequency Ablation (RFA) 

Three potentially curative treatments of HCC are available: liver resection,
liver transplantation, and RFA. Their respective indications are difficult to
define because the optimal candidates for each procedure are almost identical.
Considering RFA, patients with HCC >3 cm are usually excluded because of
the high risk of treatment failure. A debate is ongoing for lesions up to 3 cm.
The largest study is from Japan. It involved 7,135 patients with 1–3 HCCs up
to 3 cm and compared the outcomes of surgery and RFA [4]. Overall survival
was similar (at 2 years 93% in the RFA group vs 94.5% in the resection group),
but the risk of recurrence was significantly lower in resected patients (2-year
time-to-recurrence rate was 55.4% vs. 35.5%, p<0.0001). Conversely,
Livraghi et al. reported a series of 218 HCCs up to 2 cm treated by RFA hav-
ing a 97% sustained local complete response. It corresponded to a 5-year sur-
vival of 68.5%, reproducing the outcome of liver resection [5]. A recent meta-
analysis involving one randomized trial and nine controlled studies demon-
strated the superiority of resection over RFA, but differences between the two
options disappeared for HCC <3 cm [6]. At present, as also suggested by
Japanese guidelines, RFA is an alternative to surgery only for HCC up to 2 cm
in diameter. A gray area of competence between RFA and surgery remains for
lesions between 2 cm and 3 cm.  

5.2.4 Surgery and Liver Transplantation: Alternative or
Complementary?

The respective roles of liver resection and liver transplantation are not clear
and strongly debated. Within the Milan criteria (single HCC <5 cm or 2–3
HCCs <3 cm) liver transplantation achieves excellent outcomes (up to 70%
survival at 5 years) but in the same subset of patients similar results have been
reported recently even after resection [7]. Furthermore, in the case of recur-
rence, transplantation was still possible in most cases. Conversely, many
authors have attempted to extend the indications for transplantation out of the
Milan criteria to offer this ideal treatment (cure of HCC and underlying cirrho-
sis) to as many patients as possible. The debate is ongoing and far from solu-
tion. In a “what’s new” perspective, the authors want to state that liver resec-
tion and liver transplantation are evolving towards cooperation rather than
opposition. At least three possible “combinations” are possible, even if no
rules can be recommended: liver surgery as first-line treatment, considering
transplantation as a “salvage” option in case of recurrence or liver failure;
liver resection as a “bridge” treatment before liver transplantation while on the
waiting list; liver resection as initial therapy to select (on the basis of pathol-
ogy examination) high-risk patients who may benefit from early “de principe”
liver transplantation.
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5.2.5 Chemotherapy and Target Therapies (Sorafenib)

Chemotherapy has failed to achieve survival benefit in patients with HCC in
comparison with best supporting care. Some promising data derive from target
therapies. There are 56 molecular therapies under evaluation in HCC treat-
ment, but sorafenib is the only approved one. 

Sorafenib is a multikinase inhibitor that blocks Raf signaling, vascular
endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), and
c-Kit. As demonstrated by the Sorafenib HCC Assessment Randomized
Protocol (SHARP) trial, it improves overall survival of Child–Pugh class-A
patients with untreatable HCC (10.7 vs 7.9 months) [8]. These results have
been confirmed by the Asian Pacific trial (overall survival 6.5 vs 4.2 months).
Its role in Child–Pugh class-B patients is under evaluation. Further indications
have to be explored, such as sorafenib as adjuvant treatment after
resection/ablation or transarterial chemoembolisation (TACE). Preliminary
data showed a high response rate (52%) after the combination of TACE and
sorafenib, which was superior to that seen with TACE alone.

5.2.6 Selective Internal Radiation Treatment (SIRT) 

SIRT is a promising option for HCC patients. It is a form of brachytherapy
with intra-arterial injection of 90Y-loaded microspheres (Fig. 5.1). Side effects
are minimal. A recent review reported response rates of 25–50% and stable
disease in 77–90% of patients after a mean interval of 6.6 months [9]. Only
retrospective series or non-controlled prospective studies are available, but
they have collected about 700 cases. The candidates for SIRT are patients with
advanced HCC progressing after TACE or sorafenib as well as those excluded
from TACE because of portal-vein thrombosis or multiple bilobar lesions. In
selected cases, even downstaging to surgery has been reported. 

5.3 Colorectal Liver Metastases (CRLMs)

CRLMs are the most common indication for liver surgery. Since the 1980s, the
beneficial impact of resection on prognosis has been clearly demonstrated.
Surgery is the established “gold standard” treatment with excellent short- and
long-term results (mortality lower than 2%, survival up to 50–60% at 5 years
in selected cases) [10, 11], mainly in high-volume centers [12]. Even a cura-
tive role of surgery has been recently demonstrated by reports of 10-year actu-
al survivors in 15–20% of cases. 
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5.3.1 Staging

Together with computed tomography (CT), a significant contribution to stag-
ing has been offered by magnetic resonance imaging (MRI) of the liver. It has
achieved extremely high sensitivity and specificity for the detection and char-
acterization of hepatic lesions, especially thanks to contrast agents and diffu-
sion-weighted images [13].  
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Fig. 5.1 A large HCC in a 75-year-old HCV-positive patient treated by selective internal radiation
treatment (SIRT). (a) Angiographic image during SIRT. (b) CT after SIRT. (c) The specimen after
a right trisectionectomy. (d) At final pathology, 90% necrosis was evident; resin microspheres
were visible in the vessels



The role of positron emission tomography-computed tomography (PET-
CT) is controversial. Even if it offers additional data, the high rate of false-
positive (inflammation) and false-negative (especially after chemotherapy)
images limit its impact [13]. It has a role in doubtful cases or in patients with
advanced disease to disclose extrahepatic deposits.

5.3.2 Indications

The surgical indications for CRLM have been expanded considerably. The
number and diameter of lesions, extra-hepatic disease, and synchronicity of
metastases are no longer a contraindication [10]. Patients with lymph-node
metastases beyond the hepatic pedicle do not show a clear benefit from surgery
and should be cautiously scheduled for resection. The only absolute con-
traindication is the impossibility of achieving complete surgery. A debate
about the adequate width of the surgical margin is ongoing. Evidence suggests
that a negative margin is probably sufficient, but de Haas et al. recently report-
ed even a non-negative impact of a 0-mm margin (R1 surgery) [14]. It proba-
bly reflects the extension of indications to more complex cases in which large
margins cannot be achieved. In these patients, the impossibility to avoid a 0-
mm margin does not contraindicate surgery. Nevertheless, it should not be
considered a pathway toward palliative surgery.

Recurrences after liver resection often occur (≤60% of cases). Re-resection
has the same indications as the first liver resection (surgery whenever techni-
cally feasible) with similar survival outcome.

5.3.3 Chemotherapy

In the last 15 years, effective chemotherapy drugs have been introduced, such
as oxaliplatin and irinotecan. Median survival in unresectable patients
(80–90% of cases) passed the threshold of 20 months. In some cases
(≈10–15%), chemotherapy obtains a significant tumor shrinkage that even
enables the patient to undergo resection. In 1996, Bismuth et al. were the first
to report resection after “conversion chemotherapy”. Several series have
reported encouraging long-term results (5-year survival, ≈30%), even if high
recurrence rates have been observed [15]. The effectiveness of chemotherapy
in unresectable patients let some authors consider its application in “border-
line-resectable” cases. The aim was to obtain tumor shrinkage, to enable easi-
er and more conservative resections, and to select good candidates for surgery.
Neoadjuvant chemotherapy is now commonly adopted even if supported by lit-
tle evidence. The next step has been the proposal of systematic chemotherapy
in all resectable patients. The European Organisation for Research and
Treatment of Cancer (EORTC) randomized trial 40983 published in 2008
(surgery alone vs surgery + perioperative oxaliplatin-based chemotherapy)
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tried to validate this policy. Even though the primary endpoint (higher disease-
free survival at 3 years in the chemotherapy group) was achieved, the differ-
ence was limited (+8%) and no differences in overall survival were observed
[16]. Further trials are ongoing to clarify this issue. 

5.3.3.1 Response to Chemotherapy
The response to chemotherapy has been demonstrated to have a prognostic
impact. Radiological disease progression at restaging has even been consid-
ered to be a contraindication to surgery because of extremely poor outcome
(8% at 5 years). More recent studies better reclassified it as a relative con-
traindication to surgery: in selected patients (up to 3 metastases, <50 mm,
CEA <200 ng/mL), resection can be undertaken with good outcome despite
disease progression [17]. On the basis of pathological examination, Rubbia-
Brandt et al. proposed a tumor regression grade to assess metastatic responses
to chemotherapy [18]. It has a strong prognostic impact, clearly more precise
than that seen for radiological data.  

5.3.3.2 Disadvantages of Chemotherapy
Firstly, chemotherapy-related liver injuries have been depicted, for example,
sinusoidal injuries and nodular regenerative hyperplasia after oxaliplatin-
based treatments and steatohepatitis after irinotecan-based therapies. These
lesions increase postoperative morbidity and, in case of steatohepatitis, even
surgical mortality due to liver failure [19]. Chemotherapy-related liver injuries
increase together with the number of chemotherapy cycles, whereas their clin-
ical impact decreases upon prolonging the interval between chemotherapy and
surgery. A short duration of chemotherapy and an adequate interval between
chemotherapy and surgery are the rules to respect to limit these problems. 

A further disadvantage of chemotherapy is the disappearance of metas-
tases, especially small ones. Unfortunately, this finding does not correspond to
the true sterilization of neoplastic foci. In 2006, Benoist et al. showed that
80% of disappeared lesions either was still present at surgery or recurred at
follow-up [20]. More favorable data have been reported by recent studies
(residual disease in only 30%), especially if intra-arterial chemotherapy was
administered. In any case, surgeons should look at the radiological disappear-
ance of CRLMs with suspicion.

5.3.4 Targeted Therapies

In association with chemotherapy, targeted therapies show a significant contri-
bution to disease control and tumor shrinkage. The most common targeted
therapies are bevacizumab (anti-epidermal growth factor receptor (EGFR)
antibody) and cetuximab (anti-VEGF-A antibody). Their association with
chemotherapy increases the response rate by up to 78%. Even a benefit in terms of
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overall and progression-free survival has been reported [21, 22]. With regard
to cetuximab, a molecular predictor of effectiveness has been identified: the k-
Ras gene. Only patients with a wild-type k-Ras gene may benefit from this
treatment. A prognostic impact of k-Ras mutations has been also suggested. 

5.3.5 Surgical Strategies

Due to the excellent outcome of surgery, surgeons have implemented strategies
to increase resectability to offer a chance of cure to as many patients as possi-
ble. In those with multiple bilobar lesions, the need for complete surgery has to
be integrated with the need for an adequate future liver remnant (FLR). In 2000,
Adam et al. proposed a two-stage hepatectomy to solve this problem. They
scheduled two subsequent liver resections to achieve R0 surgery to allow liver
hypertrophy between the two procedures. This procedure was better codified by
Jaeck et al. in 2004: (i) extirpation of lesions in the planned FLR, usually the
left lobe, during the first operation; (ii) portalve in occlusion, usually the right
one (intraoperative ligation or postoperative embolization); (iii) major hepate-
ctomy (usually a right hepatectomy or right trisectionectomy) 4 weeks later
provided adequate FLR hypertrophy [23]. About 75–80% of patients will com-
plete the treatment and achieve excellent long-term results (5-year survival of
30–50%), similar to those observed after one-stage resections. Recently, a new
proposal has been advanced: the association of liver partition to portalvein lig-
ation at the time of the first resection to achieve an extremely rapid volume
increase (within 1 week). This strategy, called “associating liver partition and
portal vein ligation for staged hepatectomy” (ALPPS), allows completion of the
second procedure within the same hospitalization (7–10 days after the first pro-
cedure) and avoids the drop-out risk between the first and second stage [24].
Only few preliminary reports are available on ALPPS. 

Another important issue is the management of patients with synchronous
metastases. The debate between simultaneous and delayed resection is ongo-
ing, but an interesting new proposal has been advanced: the “reverse strategy”.
Mentha et al. reported it first in 2006. The authors proposed to treat first the
liver metastases and then the primary tumor in two separate procedures. This
strategy allows prioritizing hepatic deposits, which are the true determinants
of the prognosis. In 2012, the Mentha research team compared this strategy
with the classic approach (colorectal resection followed by liver surgery): the
reverse approach guaranteed the same outcome as the standard one [25]. In the
authors’ opinion, the reverse strategy is of interest, especially for patients with
locally advanced rectal tumors in whom chemoradiotherapy before rectal sur-
gery should be scheduled. Theoretically, reverse strategy allows carrying out
chemoradiotherapy after having completed liver surgery before rectal resec-
tion. Ad hoc trials are needed to clarify this issue. 

Finally, it is important to underline the evolution of surgery in CRLM treat-
ment towards a parenchymal-sparing policy. Major liver resections are carried
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out less often to reduce the risk of liver dysfunction and to increase the oppor-
tunities of re-resection. Wedge resections and segmentectomies guarantee ade-
quate ongological treatment if planned appropriately. Intraoperative ultra-
sonography is an essential tool to safely undertake these resections (Fig. 5.2).

5.3.6 Interstitial Treatments

After their successful application in HCC, interstitial treatments have been
proposed for CRLMs. Their appeal relies on easy application, brief hospital-
ization, and excellent short-term outcome. Anyway, strong evidence is against
their application to resectable CRLMs [26]. In comparison with surgery, RFA
is associated with higher local recurrence rates and lower overall and disease-
free survival. The same poor results have been observed even for small lesions
(<3 cm). RFA is not an alternative to surgery. It can be combined with surgery
to achieve complete treatment by ablating deeply located lesions that were oth-
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Fig. 5.2 Parenchymal-sparing strategy in resection of colorectal liver metastases. (a)
Intraoperative ultrasonography shows a metastasis in contact with the right hepatic vein without
infiltration. (b) Wedge resection of segments 7 and 8 sparing the right hepatic vein that has been
exposed on the raw cut surface. (c) Intraoperative ultrasonography shows a metastasis compress-
ing (but not infiltrating) the right hepatic vein. (d) Resection of Sg7 with exposure of the right
hepatic vein on the raw cut surface



erwise unresectable. Even for these patients, outcome is lower in comparison
with those receiving surgery alone. 

5.4 Biliary Tumors 

In comparison with CRLMs, biliary tumors have had a more limited evolution
in recent years. This is due to their rarity, the need for large and high-risk sur-
gical procedures (mortality rates, 5–10%) and the lack of effective medical
treatments. 

It is possible to distinguish intrahepatic cholangiocarcinoma, hilar cholan-
giocarcinoma (Klatskin tumor), distal bile duct cancer, and gallbladder cancer.
Tumors of the middle bile duct are no longer considered because, according to
the level of tumor, hepatic or pancreatic surgery is needed.

5.4.1 Peripheral Cholangiocarcinomas (CCCs)

CCCs have had a marked increase of incidence in recent years. This finding
could be partly related to their improved diagnosis: hepatic lesions previously
classified as “liver metastases of unknown origin” are now correctly identified
as CCC. 

With respect to surgical treatment, few series are available. Some recent
multicenter studies tried to codify indications and outcome [27, 28]. Surgical
mortality was ≈5%, but excellent survival results have been reported (≈40% at
5 years). Resection is indicated if complete surgery can be done, but radical
resection is finally achieved in only 75–85% of patients. Lymph-node dissec-
tion is essential in all patients because of the high percentage of N+ patients
(more than one-third of cases). Metastatic lymph nodes are not an absolute
contraindication to surgery but are associated with poor outcome. Together
with R1 resection, N status is the strongest prognostic determinant. 

5.4.2 Hilar Cholangiocarcinomas

The treatment of hilar cholangiocarcinomas has had several modifications in
recent years [29]. Preoperative staging can be complete without invasive
examination: CT and magnetic resonance cholangiopancreatography (MRCP)
clearly show the biliary and radial extension of the tumor. The surgical proce-
dure is now standardized. Isolated bile duct resection has been abandoned in
almost all patients. The mucosal and submucosal spread of cancer requires
wide margins. The combination of biliary and liver surgery increases the com-
pleteness of resection and prolongs survival. Similarly, segment 1 must be
removed systematically because it can be a site of direct infiltration by the
tumor or perineural/biliary neoplastic diffusion. Lymph-node dissection
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should be systematic because of the high risk of metastatic deposits (30% to
60%), but positive lymph nodes at the hepatic pedicle do not contraindicate
resection. 

Liver resection for hilar cholangiocarcinomas has been traditionally asso-
ciated with high mortality rates (up to 10–15%). A combination of biliary
drainage and portal-vein embolization in patients with inadequate FLR has
improved the safety of these procedures, even reaching 0% mortality in some
series. Nevertheless, the indications for preoperative biliary drainage are con-
troversial because not all patients need it (low bilirubin values, left-sided
resections) and because severe sepsis due to bile-duct contamination may
occur. Biliary drainage is essential whenever portal-vein embolization is
required, and should drain only the FLR. 

Improving surgical outcomes have enabled surgeons to treat even advanced
diseases aggressively. Type-IV hilar cholangiocarcinomas (bilateral involve-
ment of second biliary divisions) are no longer absolute contraindications.
Patients can be scheduled for right or left trisectionectomies with complex bil-
iary reconstructions (Fig. 5.3). Resections and reconstructions of vascular
structures can also be associated. Survival benefits have been clearly demon-
strated for portal-vein resections whereas, in the case of resection and recon-
struction of the hepatic artery, outcomes are controversial [30].

Surgical margins are key factors in the treatment of hilar cholangiocarcino-
mas. Firstly, a negative biliary margin is essential. Even if the first resection
margin is involved by the tumor, a re-resection achieving negative margins
improves outcome [31]. Furthermore, the radial margin must be considered.
The neoplasm diffuses early into surrounding soft tissue, reaching the portal
vein and hepatic artery. Dissection of the bile duct from these vessels could
expose the tumor or even make surgery incomplete. At the end of the 1990s, a
new proposal was advanced by Neuhaus et al., the “no-touch technique” for
right-sided hilar cholangiocarcinomas. The authors proposed to systematically
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Fig. 5.3 Surgery for hilar cholangiocarcinoma. (a) Preoperative MRCP shows a type-IIIa hilar
cholangiocarcinoma. (b) A right trisectionectomy extended to Sg1 with the bile duct confluence
resection was carried out



carry out a right hepatectomy/right trisectionectomy associated with resection
and reconstruction of a bifurcation in the portal vein to avoid tumor dissection.
Mortality rates was high (10%), but survival outcome was excellent (58% at 5
years) [32]. 

Finally, the indications for liver transplantation for hilar cholangiocarcino-
ma have been re-discussed. Preliminary studies reported unsatisfactory results
with high recurrence rates. In 2005, the Mayo Clinic Group published the out-
come of a protocol including chemotherapy and radiotherapy followed by
transplantation: the 5-year survival rate was 82% [33]. As suggested for the
no-touch technique, these data could open new opportunities, but further vali-
dations are needed.  

5.4.3 Gallbladder Cancer

The treatment and outcome of gallbladder cancer is strictly dependent upon
tumor stage. In the early stages, the role of surgery is well codified: cholecys-
tectomy is adequate for T1a tumors, whereas liver resection (bisegmentectomy
Sg4b-5/gallbladder bed resection) and lymph-node dissection are needed for
T1b and T2 tumors. This is due to the high rate of lymph-node metastases
(10–15% for T1b and 40–50% for T2) and to the risk of direct, perineural and
lymphatic diffusion of the tumor to the liver parenchyma. Even if the diagno-
sis is after a simple cholecystectomy, prompt and adequate radicalization is
needed to offer a chance of cure for these patients (overall survival at 5 years,
60–100%). A debate persists about more advanced stages (T3 or T4).
Evidence-based treatment is lacking, but some suggestions can be offered. The
involvement of the common bile duct is no longer a contraindication to sur-
gery [34], whereas the need for a duodenopancreatectomy should be evaluat-
ed cautiously. Even if some authors have reported good outcomes, in the
authors’ experience (11 patients) no clear survival benefits were achieved (0%
survival at 2 years). As reported for hilar cholangiocarcinomas, lymph-node
metastases limited to the pedicle do not preclude surgery, whereas retro-pan-
creatic or celiac metastases must be evaluated on a case-by-case basis. 

5.4.4 Chemotherapy and Radiotherapy

Few data are available regarding chemotherapy in patients affected by tumors
of the biliary tract. Studies have involved few patients with mixed types of
tumors. Further cholangiocarcinomas and gallbladder cancers have shown a
heterogeneity in response to chemotherapy. In 2010, Valle et al. showed a sur-
vival benefit for patients treated with gemcitabin and cisplatin in comparison
with those receiving cisplatin alone [35]. The impact of targeted therapies,
especially anti-EGFR, is under investigation, but promising results have been
anticipated. More robust data are needed. Similarly, few data have been report-
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ed for external radiotherapy or endoluminal brachytherapy. Some studies have
reported tumor shrinkage in inoperable patients, but no recommendations can
be formulated. 

5.5 Surgical Technique and Prognosis

The technique of hepato-biliary surgery has evolved rapidly in recent years.
Technical issues have been analyzed to verify their impact on the prognosis.
Even if little evidence is available, some interesting topics can be considered.

5.5.1 Laparoscopic and Robotic Surgery of the Liver

The minimally invasive approach to hepatic and biliary surgery was first report-
ed at the beginning of the 1990s. The initial evolution and propagation have
been extremely slow, but the situation has changed in the last decade: laparo-
scopic hepatobiliary surgery has been applied and developed widely to reach
>3,000 published procedures. Numbers are smaller for robotic surgery due to
its limited availability, but are increasing. The beneficial impact of a laparo-
scopic approach on short-term outcomes has, by and large, been proved, where-
as its oncological safety is under evaluation. The strongest evidence concerns
HCC: the margin width and the survival outcomes are similar to those seen for
open surgery [36]. Data about colorectal metastases are weaker, but evolving
into the same direction. Biliary tumors have rarely been treated with a laparo-
scopic approach due to the complexity of the procedures required. For good
candidates (lesions <5 cm into the anterolateral segments of the liver away
from vascular structures), laparoscopic and robotic surgery can be considered a
safe alternative. Further technical evolutions will probably allow extending the
indications to more advanced hepatic diseases and biliary tumors. 

5.5.2 Anterior Approach

Liver resection in patients with large tumors of the right lobe can be problem-
atic: bleeding may occur during liver mobilization, especially in the presence
of adhesions with the diaphragm; the right hepatic vein and the inferior vena
cava are difficult to isolate and control; the tumor is manipulated, increasing
the risk of dissemination or even rupture of neoplastic cells. In 1996, Lai et al.
proposed to treat these patients by an “anterior approach”, i.e., carrying out the
parenchymal transection before mobilization of the right liver. In 2001,
Belghiti et al. refined this method by introducing the “hanging maneuver” (a
retrohepatic loop that allows “hanging” the liver during transection) to protect
the vena cava at the end of the resection. In 2006, the Hong Kong Group pub-
lished the results of a randomized controlled trial about this issue (anterior vs
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classic approach) which involved 120 HCC patients (60 per arm) [37]. The
anterior approach was associated with a lower transfusion rate, lower rate of
massive bleeding, and higher overall survival rates. These data have been con-
firmed recently by a Chinese study. Few data are available for tumors other
than HCC, but similar benefits can be expected. Should the anterior approach
be adopted systematically during a right hepatectomy, even for small tumors?
The authors recently published a randomized trial about this issue, and did not
show any difference between the two approaches [38]. The anterior approach
should be the standard only in patients with large right-sided tumors. 

5.5.3 Pedicle Clamping

Since its introduction in 1908, pedicle clamping has enabled safer and easier
liver resections. Randomized trials demonstrated its positive impact on blood
losses and transfusions. This dogma has been placed in doubt recently: thanks
to improvements in surgical and anesthesiological technique, liver resection
can be carried out safely without pedicle clamping. At the same time, experi-
mental studies demonstrated that the inflow occlusion might negatively impact
the prognosis: ischemia/reperfusion damage stimulated the outgrowth of pre-
established micrometastases and consequently increased the recurrence risk.
To date, these data have not been confirmed in the clinical setting [39, 40].
While waiting for further studies every surgeon should adopt his/her preferred
clamping policy by considering the type of resection to be undertaken and the
characteristics of the parenchyma to be resected.  
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6.1 Radiological Work-up for Correct Indications for Surgery

Pancreatic cancer represents a challenge for the imaging modalities that are
most commonly used: ultrasound, computed tomography (CT), magnetic res-
onance imaging (MRI), and positron emission tomography-computed tomog-
raphy (PET-CT). Imaging is used to identify the pancreatic lesion and help in
the diagnosis of the different forms of pancreatic cancer in different clinical
settings. 

To establish the correct indication for surgery, imaging procedures have to
be used in a diagnostic algorithm that allows local and distant staging. The
goal of imaging procedures is to obtain, in a non-invasive manner, the infor-
mation for which laparoscopy is considered the “gold standard” (although it
has some limitations). The main information that is needed is: primary tumor
(T), peri-pancreatic vascular alterations and anatomic anomalies, regional
lymph nodes (N), and liver as well as peritoneal metastases (M). To obtain
these data, in recent years, new methods have been developed and older meth-
ods improved upon.



Ultrasound devices have recently being upgraded with software and probes
that allow the evaluation of the viscoelastic properties of tissues. Some of
these methods, such as acoustic radiation force impulse (ARFI), allow qualita-
tive and quantitative assessment. According to some authors, ARFI could be
used to aid in the evaluation of pancreatic cystic lesions [1]. Complete evalu-
ation of the pancreas with ultrasound is usually limited, so CT and MRI are
needed for unambiguous and complete assessment of the pancreas. In some
cases, second-look ultrasound after CT and/or MRI may allow real-time
assessment of the relationships of the tumor with adjacent vessels and struc-
tures.

With the high spatial resolution obtained by multidetector computed tomog-
raphy (MDCT), it is possible to assess (in extreme detail) patients with pancre-
atic cancer, in particular minimal alterations of the peri-pancreatic vessels. 

CT protocols for pancreatic cancer usually involve at least three vascular
phases: arterial, portal and venous/late phase. According to some authors, the
pancreatic phase (obtained at 35 s from the arterial peak of enhancement in the
aorta) maximizes the difference in density between the normal pancreas and
pancreatic adenocarcinoma. Isoattenuating pancreatic cancer at MDCT is not
uncommon (5.4% according to some authors). In these cases (Fig. 6.1), it is
very important to assess alterations in the pancreatic ductal system and even-
tual anomalies (e.g., a compensating Santorini duct) that can explain the
absence of ductal dilatation in the pancreatic body in patients with a lesion of
the pancreatic head and dilatation of the common bile duct [2]. Isoattenuating
pancreatic cancer appears to have a better prognosis than other forms of pan-
creatic cancer [2].

MDCT can help in the assessment of the “T parameter”. In particular, infil-
tration of retroportal fat tissue can be assessed by MDCT with 80% sensitivi-
ty and 84% specificity according to some authors.
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Fig. 6.1 Axial 
contrast-enhanced arterial
phase MDCT demonstrates 
dilatation of the distal 
common bile duct (*) due
to isoattenuating 
adenocarcinoma (arrow) of
the pancreatic head. The
main pancreatic duct of
body and tail is not dilated
(not shown) due to a 
compensating Santorini
duct (curved arrow)



Vascular assessment is very important to define the surgical strategy and
define “borderline resectable pancreatic tumors” (BRPTS). In BRPTS, current
protocols advise neoadjuvant chemo(radio)therapy. MDCT allows assessment
of the vessels, and extensive analyses of the MDCT findings may help to
define “true” BRPTs.

One interesting study found that preoperative assessment of body-fat dis-
tribution by MDCT, as a surrogate for fatty pancreas infiltration, can help to
predict clinically significant pancreatic fistulas after pancreaticoduodenecto-
my [3].

Many cases of suspected or established pancreatic cancer undergo MRI
assessment for further evaluation after MDCT. MRI protocols for the assess-
ment of the pancreas have been expanded with the inclusion of different
sequences. The sequence that has been investigated and used most widely in
recent years in oncologic imaging is diffusion-weighted imaging (DWI). DWI-
MRI permits measurement of the diffusion of water in tissues and quantifica-
tion of this parameter as apparent diffusion coefficient (ADC). The images that
can be obtained with DWI MRI are similar to those of PET-CT and, in fact, in
many clinical settings, DWI-MRI is challenging PET-CT in oncologic imaging. 

Cystic pancreatic lesions are readily detected at imaging and their assess-
ment has been focused on differentiating malignant from benign lesions, DWI-
MRI can aid in the assessment of these types of lesions. Boraschi et al. found
that the mean ADC values of different types of pancreatic lesions (intraductal
papillary mucinous tumor (IPMT), mucinous cystoadenoma, serous cystoade-
noma, pseudocyst) were significantly different (P<0.05). Therefore, the
authors concluded that DWI-MRI may be helpful in the differential diagnosis
of cystic pancreatic lesions [4]. In the work of Sandrasegaran et al., ADC val-
ues were found to be helpful in deciding the malignant potential of IPMT.
However, ADC values were not useful for differentiating malignant from
benign lesions, or for characterizing cystic pancreatic lesions [5].

In pancreatic adenocarcinoma, DWI-MRI can be added to standard MRI
protocols and, although the lesion may not be clearly delineated in ≤47% of
cases, signal alteration in the pancreas distal to the malignant lesion may pro-
vide an adjunct sign for the classic radiological findings in pancreatic adeno-
carcinoma. Other authors have also found limited improvement with DWI-
MRI compared with MDCT in the detection of pancreatic cancer in a high-risk
population with main pancreatic duct (MPD) dilatation. Instead, DWI and T2-
weighted images used together may help in the depiction of pancreatic neu-
roendocrine tumors that, in some cases, may be difficult to identify with stan-
dard MRI sequences. 

In our experience, DWI may help in the diagnosis of intrapancreatic spleen,
which can be readily confused with a neuroendocrine lesion of the pancreatic
tail. In these cases, the ADC of the intrapancreatic spleen is the same as that
of the spleen.

An interesting use of DWI is in the assessment of pancreatitis caused by
pancreatic cancer (Fig. 6.2), DWI can, in some cases, be used to detect a
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malign pancreatic lesion with restricted water diffusion within the edematous
pancreatic parenchyma with the increased water diffusion (due to increased
water content) related to pancreatitis.

ADC measurements can also be helpful for differentiating between normal
pancreatic tissue and  mass-forming focal pancreatitis. However, the overlap
in ADC values of pancreatic cancer and mass-forming focal pancreatitis does
not allow their correct distinction in real-world practice [6].

DWI may also aid in the identification of lymph nodes but not in the defi-
nition of a “true” metastatic lymph node. Furthermore, often metastatic lymph
nodes are of very small diameter (3 mm) and are therefore difficult to detect.

In a pilot study, DWI performed significantly better than contrast-enhanced
64-slices MDCT  in the detection of liver metastases in patients with pancre-
atic tumors. Therefore, DWI may help to optimize therapeutic management in
such patients in the future (Fig. 6.3) [7]. In the assessment of hepatic metas-
tases, hepatobiliary contrast agents may be helpful (Fig. 6.4), These contrast
media are widely used because they cannot be taken up correctly in the
delayed hepatobiliary phase by pancreatic metastases (in general, by all liver
metastases).

In our experience, DWI can be used to depict the small foci of peritoneal
carcinomatosis that may be unrecognized on standard MRI sequences and
MDCT.

Unenhanced MRI can be used to evaluate vascular structures with the use
of particular sequences. This elicits results that can be compared with those of
contrast-enhanced MRI vascular studies. This research field is being devel-
oped. In general, state-of-the-art contrast-enhanced MRI and contrast-
enhanced MDCT protocols should be substantially equal in the assessment of
pancreatic cancer.

PET-CT has had a small impact in the management of pancreatic cancer.
According to some authors, the improvement in PET-CT devices (and particu-
larly the use of iodated contrast media) allows better results [8].

86 M. Filauro et al.

Fig. 6.2 Axial DWI MRI
shows a high signal in the
pancreatic head that had a
low ADC (not shown). This
finding is compatible with
a diagnosis of pancreatitis
due to cancer (arrow) of
the pancreas head
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Fig. 6.3 Small metastasis
(arrow) of pancreatic 
adenocarcinoma visible 
only in DWI MRI in hepatic
segment VI

a

b

Fig. 6.4 Two small metastases
(arrows) of pancreatic 
adenocarcinoma in segments V
and VI. They are hard to 
identify on portal phase images
(a) but readily depicted as
hypointense lesions in the
hepatobiliary delayed (80 min)
image after intravenous 
injection of contrast media (b)
(gadobenate dimeglumine)



In conclusion, imaging has shown significant improvements in the assess-
ment of pancreatic cancer, particularly in view of pancreatic surgery. A close
correlation between imaging as well as clinical and endoscopic findings
(including endoscopic ultrasound) is often needed to establish the correct
treatment.

6.2 Surgical Treatment: an Overview

Pancreatic tumors are a challenging problem for surgeons. Many authors have
discussed the indications and extent of surgery, the value of lymph-node dis-
section, vascular resections, As well as minimally invasive approaches to neo-
plastic diseases of the pancreas.

6.2.1 Surgical Methods

The Whipple–Kausch pancreatoduodenectomy (PD) and pylorus-preserving
pancreatoduodenectomy (PP-PD) are the treatments of choice for tumors of
the pancreatic head. Both procedures comprise resection of the pancreatic
head together with the duodenum, with (PD) or without (PP-PD) distal gas-
trectomy. The reconstruction of the biliary and alimentary tract is usually
undertaken with a gastro-jejunal anastomosis (PD) or a duodeno-jejunal (PP-
PD) anastomosis and a biliary anastomosis between the hepatic duct and
jejunum. A recent review demonstrated no differences among the two methods
with regard to morbidity, mortality and overall survival. PP-PD is superior in
terms of intraoperative blood loss and operating time. Most authors carry out
duodeno-jejunal anastomosis in the antecolic position [9].

6.2.1.1 Lymphadenectomy
The value of extended lymphadenectomy is controversial. There have been
many debates about the results of extended lymphadenectomy for adenocarci-
noma of the pancreatic head [10]. The conclusion of these articles is that
extended lymphadenectomy does not benefit long-term survival and no further
studies are required to assess this issue.

6.2.1.2 Pancreatic Reconstruction
Many authors have discussed the type of anastomosis in the pancreatic and ali-
mentary tracts. Two reconstructions are used: pancreatogastrostomy and pan-
creaticojejunostomy. The main issue is the prevalence of pancreatic fistulas,
the “Achilles’ heel of pancreatic surgery”. In this regard, many studies have
been conducted without evidence of the superiority of one type of anastomo-
sis over another. Berger et al. [11] found a lower rate of fistulas with invagi-
nation of the pancreas in the jejunal loop with respect to the duct to the
jejunum anastomosis (Fig. 6.5). Peng et al. described promising method called
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a “binding pancreaticojejunostomy” [12]: an end-to-end anastomosis with
invagination of the pancreas in a jejunal loop in which the mucosa was previ-
ously cauterized. Somatostatin seems to have a prophylactic function with
respect to postoperative morbidity and fistula formation [13].

With regard to stenting of the MPD, external stents seem to have a better
outcome in terms of postoperative complications and pancreatic fistulas com-
pared with internal stents or no stent, but further studies are required [14]. In
conclusion, given the relatively high rate of complications in this type of
surgery, the choice of pancreatic anastomotic method should be based on
individual experience, and the best anastomosis after PD is based upon the
preference and experience of the surgeon [15].

6.2.1.3 Vascular Resection
Several studies have been conducted to assess the results of vascular resec-
tions to achieve R0 margins during PD for advanced adenocarcinoma with vas-
cular involvement. Even if vascular resection can be achieved safely, the over-
all 3-year survival in PD with vascular resection shows no differences from PD
without vascular resection [16]. In a retrospective analysis of 3,582 patients
undergoing PD for malignant disease, Castleberry et al. [17] demonstrated
increased 30-day morbidity and mortality in PD associated with vascular
resections.

6.2.1.4 Laparoscopic Surgery
Laparoscopic approaches to pancreatic-head tumors are controversial. The
criticism originates from the prolonged operating time and the often reduced
accuracy in dissection and reconstruction time. Several authors have reported
small series of laparoscopic PD, and showing no substantial advantages of
minimally invasive surgery (MIS). Looking to the future, widespread and less
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Wirsung jejunal 
anastomosis



expensive propagation of robotic-assisted laparoscopic methods could provide
a sense of MIS approach in this field.

In a recent study with 15 patients [18], the morbidity, mortality and inci-
dence of pancreatic fistulas seemed to be similar to those reported for open or
laparoscopic surgery, as well as the number of lymph nodes collected.
Compared with a laparoscopic approach, robotic surgery seems to have a
lower conversion rate, blood loss and operating time as well as better oncolog-
ical results [19]. MIS applied to the treatment of distal tumors of the pancreas
(body and tail) has shown encouraging results primarily due to increasing
experiences of many researchers worldwide.

In the early days of MIS for distal pancreatic lesions, the indications were
limited strictly to benign and borderline diseases (cystic tumors, neuroen-
docrine tumors). However, authors are now reporting on malignant tumors
treated by this approach. The advantages of MIS are less blood loss, reduced
postoperative morbidity and hospital stay. 

Venkat et al., in their meta-analysis of 1,814 patients, reported similar
oncological results and margin-free resections [20]. Moreover, recent retro-
spective studies from Fox et al. highlight the lower cost (postoperative and
total) in the laparoscopic group compared with open pancreatectomy [21].

A matter of concern is the possibility of spleen preservation, which seems
to be higher in MIS of the distal pancreas. Two methods can be used to save
the spleen. The first involves dissecting out the splenic artery and vein with
division between the pancreas and the splenic artery and vein. The second is
by resecting the splenic vessels along with the pancreas but with careful
preservation of the vascular collaterals in the splenic hilum, which allows the
spleen to survive on the short gastric vessels (Warshaw method). Only retro-
spective studies are available regarding this issue. However, these studies
seem to confirm that spleen preservation gives a lower morbidity rate com-
pared with splenectomy associated with this type of pancreatic resection.
Distal pancreatectomy plus splenectomy seems to impair postoperative pan-
creatic leaks, fatigue, cold or flu. Tsiouris et al. noticed more pancreatic leaks
in a spleen-preserving group [22]. With regard to the method (splenic vessels
resection vs vessel preservation), postoperative complications were not differ-
ent between the two groups; a low occurrence of perigastric varices was
detectable in the splenic vessel resection group.

In distal pancreatectomies, robotic-assisted laparoscopic surgery seems to
allow promising results in terms of the accuracy of surgical field dissection,
harvesting of lymph nodes, blood loss and postoperative recovery due to the
well-known advantages of robotic movements. In the next few years we will
surely observe propagation of these methods, and obtain results from larger
series.

6.2.1.5 Ablative Methods
Some investigators have assessed the feasibility and complications of radiofre-
quency ablation (RFA) applied to pancreatic tumors that are suitable for com-
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plete resection. Complications are related mainly to thermal injuries to the
nearest organs, such as the biliary tract, duodenum, portal vein and transverse
colon, and the prevalence of such injuries is ≈24%. Promising results have
come from the association of RFA with radiochemotherapy or systemic
chemotherapy: median survival is 25.6 months with an intra-abdominal mor-
bidity rate of 26.2% [23].

6.3 Preoperative Radiotherapy for Borderline Resectable
and Unresectable Disease 

A preliminary consideration on the use of preoperative radiotherapy is to dis-
criminate between localized resectable disease and unresectable advanced
tumors. This is because treatment goals and consequent treatment approaches
will be different between the two groups of tumors with regard to the choice
of chemotherapy association (i.e., with 5-Fluorouracil (5FU), capecitabine or
gemcitabine) and the treatment dose and volume of radiotherapy

However, there is increasing awareness of a distinct intermediate group of
patients who show locally advanced tumors that are borderline resectable.
They can be defined according to several parameters: 
• tumors confined to the pancreatic bed and nodes without distant metastasis; 
• arterial involvement (including encasement of the gastroduodenal artery,

short segment encasement or abutment of the hepatic artery (but not the
celiac axis), and abutment of the superior mesenteric artery with circum-
pherential involvement of ≤180°);

• involvement of the superior mesenteric or portal vein, including abutment,
lumen constriction and encasement; 

• short segment occlusion from thrombosis or constriction is included if vessel
length proximal or distal to the occlusion allows vascular reconstruction. 
Other parameters combined with local resectability include suspected liver

and/or peritoneal metastasis or low performance status.

6.3.1 Rationale and Method

Preoperative radiotherapy, combined with chemotherapy, has a strong ration-
ale from oncological and radiobiological viewpoints. Firstly, a rapid start of
local and systemic therapy shortly after the diagnosis rather than several
weeks after possible surgery is important. Secondly, the untreated tumor is rel-
atively well perfused and so there is less risk of radioresistance from hypoxia.
Thirdly, the time interval for neoadjuvant treatment allows assessment for
aggressive tumors with rapid onset of metastasis to avoid futile attempts at
surgical intervention. Fourthly, disease downstaging can potentially render
operable a previous borderline or unresectable tumor. 

Patients with locally advanced disease rarely benefit from irradiation of
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regional lymph nodes that increases gastrointestinal toxicity with ensuing treat-
ment interruptions and decrease in activity. Therefore, the clinical target volume
(CTV) is confined to the gross tumor volume (GTV), as delineated by the radi-
ation oncologist with contrast-enhanced CT, MRI and CT-PET integrated with
the radiotherapy CT simulation images. These include the infiltrated vascular
areas where tumor regression could allow subsequent resection. Before delineat-
ing these volumes, discussion with the surgeon, diagnostic radiologist and med-
ical oncologist to decide the aim of therapy can be very helpful. 

The CTV is then enlarged selectively (5–10 mm) along the longitudinal,
axial and anteroposterior axis to take into account organ motion and uncertain-
ties in patient repositioning for radiotherapy sessions to obtain the planning
target volume (PTV) that must receive ≥95% of the prescribed dose. The liver,
kidneys, spinal cord, stomach and duodenum are dose-limiting organs. The
radiation oncologist must compromise among different dose contributions to
the PTV from three-dimensional conformed beams along anteroposterior and
laterolateral orientations to keep these organs within acute and late tolerance
dose constraints. The linear accelerator X-ray energy must be ≥6 MV (prefer-
ably 15 MV or 18 MV). The prescribed dose ranges from 45 Gy to 50.4 Gy in
25–28 daily fractions, whereas shorter regimens of 30 Gy in 10 daily fractions
are used in those with poor performance status. Three-dimensional conformal
radiotherapy (3DCRT) is the standard and intensity-modulated radiation ther-
apy (IMRT) can be used to increase the dose contribution with simultaneous
boost (SIB) to part of the PTV without increasing toxicity.

6.3.2 Results 

Despite widespread opinion that neoadjuvant chemoradiotherapy may convert
locally advanced pancreatic tumors to resection, preliminary stringent defini-
tions of resectability are necessary to evaluate the true frequency of success-
ful downstaging. In fact, two early series from Memorial Sloan–Kettering
Cancer Center (MSKCC) and MD Anderson Cancer Center (MDACC) show
that true unresectable patients were converted to resectability in only 1 out of
87 and 6 out of 114 cases, respectively. Other data from MDACC show that,
after gemcitabine-based chemoradiotherapy, almost 40% of borderline
resectable patients underwent resection, R0 in 94% of cases, with median
overall survival of 40 months [24]. Even high-resolution CT restaging after
preoperative treatment may underestimate the number of patients suitable for
resection because inflammation may obliterate the fat plane between the tumor
and the vessel, whereas margin vessel scars may simulate tumors. In the Duke
University experience, 11 of 49 patients considered unresectable at restaging
CT were resected successfully, and in 6 patients no viable tumor was found.
Therefore, other surrogates of response must also be considered, such as pain
disappearance, large decrease in cancer antigen (Ca)19.9 values, and overall
decrease in tumor size. More recent data from a meta-analysis on 536 patients
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showed a resectability rate of 65.8% in the initially defined resectable group
and 31.6% in the initially borderline resectable group, and median survival
was similar in resected patients of both groups [25].

6.4 Medical Oncology with a Focus on Neoadjuvant Therapy

Pancreatic cancer is the seventh most frequent cancer and the fifth most com-
mon cause of cancer-related death in Europe. The overall 5-year survival rate
is <5%. The only potentially curative treatment is resection, but only 15–20%
of patients are resectable at presentation. The high mortality rate is related to
late diagnosis, early metastases, and poor response to medical treatments.

Until recently, the approach for patients with metastatic disease was gemc-
itabine; there have been many phase-III studies looking at gemcitabine-based
doublets. However, trends for improvements were observed in the combination
arms without statistically significant improvement in overall survival. Only a
pooled analysis by Heinemann et al. from five studies of gemcitabine plus a plat-
inum analog showed a statistically significant improvement in overall survival. A
recent phase-III trial employing a combination of 5FU, leucovorin, irinotecan and
oxaliplatin (FOLFIRINOX) vs gemcitabine showed a significant improvement in
median survival rates (from 6.8 months with gemcitabine to 11.1 months with
FOLFIRINOX), and in progression-free survival (from 3.4 months to 6,4
months). However, the FOLFIRINOX regimen should be chosen only for certain
patients (younger men, good performance status, low bilirubin levels) because of
the high toxicity profile (grade-3 and -4 myelosuppression and fatigue). Febrile
neutropenia occurred in 5% of patients receiving FOLFIRINOX, and ≈42% of
patients required granulocyte-colony simulating factor. Thus, modified regimens
are likely to be developed to reduce toxicity without affecting efficacy. In this
study, tumors arose from the head of the pancreas in <40% of patients, suggest-
ing that only a small percentage of patients had biliary stents in situ and conse-
quently a low risk of ascending cholangitis and biliary sepsis. Furthermore, per-
formance status may influence the choice of treatment: only patients with a good
Eastern Cooperative Oncology Group (ECOG) performance status should receive
combination therapy, whereas monotherapy with gemcitabine should be used in
patients with worse performance status. Currently, FOLFIRINOX is tested in
locally advanced disease and neoadjuvant settings. 

A new drug is nab-paclitaxel, an albumin-stabilized paclitaxel formulation
that showed clinical activity when administered in combination with gemc-
itabine. It may be useful in advanced pancreatic cancer because albumin-bind-
ing proteins such as secreted protein acidic and rich in cysteine (SPARC) are
overexpressed in some patients. This drug has not been approved for pancre-
atic cancer. Nevertheless, data from a phase-II trial in terms of response rate
and decreases in Ca19.9 levels have led to a promising phase-III study. 

Targeted therapeutic agents are disappointing for various clinical and bio-
logical reasons. Erlotinib, bevacizumab and cetuximab have been evaluated in
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this setting, but only erlotinib has shown a very modest improvement in medi-
an survival. Thus, there is no evidence supporting the use of biological agents
in pancreatic cancer. 

Patients with locally advanced pancreatic cancer need to be treated differ-
ently from those with metastatic disease. Phase-III studies of gemcitabine-
based combinations have included patients with locally advanced and metasta-
tic disease together that indeed should have been distinguished. The use of
additional radiotherapy also needs to be taken into consideration. Trials com-
paring chemoradiotherapy with chemotherapy alone reported contradictory
results: whether sequencing of chemoradiotherapy and chemotherapy itself are
necessary remains an open question. A systematic review of trials of chemora-
diotherapy in patients without progression after 3 months of treatment with
gemcitabine demonstrated an improvement of survival with chemoradiothera-
py. Depending on the definition of borderline disease, the percentage of
patients converted to be able to undergo successful surgery ranges from 1% to
30%. Borderline-resectable disease represents a distinct category defined by
radiological findings and is open to interpretation by radiologists and sur-
geons. Retrospective and phase-II prospective studies presented at the 2012
American Society of Clinical Oncology (ASCO) Annual Meeting showed that
neoadjuvant chemoradiotherapy was associated with higher rates of resection
of negative margins and better survival. Prospective studies of novel agents or
combination regimens are needed in this setting. 

In the case of resectable pancreatic disease, an initial approach involving
neoadjuvant therapy may provide advantages, such as early delivery of sys-
temic treatment, downstaging of borderline-resectable disease, and exclusion
from surgery in patients with early progression during treatment. Evidence to
support neoadjuvant chemoradiotherapy was established from phase-II trials
that showed trends towards improved resectability and survival. However, ran-
domized trials comparing neoadjuvant therapy followed by resection to
upfront resection or a neoadjuvant approach vs the adjuvant approach are not
available. A large meta-analysis involving 11 studies and 4,394 patients
showed that about one-third of patients with unresectable disease at diagnosis
may undergo successful resection after neoadjuvant therapy. On the basis of a
promising outcome in metastatic cancer, it is likely that neoadjuvant
FOLFIRINOX could improve surgical outcome. Combination chemotherapy
and multimodal therapy for non-metastatic stages of disease (locally
advanced, borderline-resectable and resectable disease) are promising, but the
optimal treatment approach needs to be clarified.

6.5 Endoscopic Diagnosis and Stenting for Biliary 
and Duodenal Obstruction

Since its early days, endoscopic ultrasonography (EUS) proved an accurate
imaging modality for the gastrointestinal tract, the pancreas and extrahepatic
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biliary tree. Introduction of linear-array echoendoscopes and the possibility of
carrying out EUS-guided fine-needle biopsies (FNAs), increased the diagnos-
tic yield of EUS and allowed the evolution for interventional methods mainly
for diseases of the pancreas and biliary tract. 

In patients with solid pancreatic masses, the sensitivity, specificity, posi-
tive and negative predictive value of EUS-FNA reaches 95%, 100%, 100% and
85%, respectively. Unfortunately the sensitivity of EUS-FNA is lower for the
differential diagnosis of chronic pancreatitis and pancreatic cancer (75%).
New methods are developing in this field, particularly contrast-enhanced har-
monic endoscopic ultrasound (CE-EUS) and EUS elastography (EUS-EG).

CE-EUS offers information on vascularization and indicates the blood-flow
patterns of tissues. The most used agent approved in the European Union is
SonoVue® (Bracco, Italy), which contains phospholipid-stabilized microbub-
bles of sulfur hexafluoride, which are stable and pressure-resistant. CE-EUS
has been used for pancreatic cancer. Color and power Doppler CE-EUS demon-
strate a relatively hypovascular pattern in pancreatic adenocarcinoma with a
sensitivity and specificity comparable with that seen with cytopathology, and
an accuracy of 90% in the differential diagnosis of pancreatic cancer and chron-
ic pancreatitis. EUS-EG is a promising modality with high accuracy for the dif-
ferential diagnosis of solid pancreatic tumors. Introduction of second-genera-
tion EUS-EG has allowed the quantitative analysis of tissue stiffness.
Malignant lesions are harder, with heterogeneous elastic properties with respect
to benign tumors. In a recent study, sensitivity, specificity and overall accuracy
were 100%, 85.5%, and 94%, respectively [26].

Many interventional EUS-guided methods have been reported. EUS can
guide biliary drainage if endoscopic retrograde cholangiopancreatography
(ERCP) is unsuccessful in patients affected by obstructive jaundice. However,
this procedure carries a risk of severe morbidity, including bile leakage, bleed-
ing or pneumoperitoneum. EUS-guided oncologic interventions have been
described. Injection of various chemotherapeutic agents in advanced pancreat-
ic cancer or EUS-guided brachytherapy may be useful in temporary pain relief
with marginal survival benefit. EUS-guided celiac plexus block using ethanol
and bupivacaine is a safe procedure with proven efficacy with a complication
rate <2% in the treatment of pancreatic cancer pain [27]. Most of these inter-
ventional EUS-guided methods are experimental, and more innovations and
endoscopic devices are necessary to safely carry out these procedures. 

The goal of palliative care is to prevent and relieve suffering and support
the best possible quality of life for patients and their families, regardless of the
state of the disease. Obstruction is a major complication of gastrointestinal
cancers. Obstructive jaundice is a common complication of pancreatic cancer;
endoscopic stenting is the standard treatment. Endobiliary stents can be plas-
tic or self-expanding metal stents (SEMS). 

Most plastic stents are made of polyethylene; diameters range from 5 F to
11.5 F. The most popular caliber is 10 F with a length of 7–10 mm. SEMS are
made of different materials and are all equally effective in palliating biliary
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obstruction (Fig. 6.6). Their larger caliber (10 mm) allows a longer patency and
avoids repeated endoscopic sessions for stent exchange. Nevertheless, SEMS
are cost-effective in patients with life expectancy >3 months. Partially and
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Fig. 6.6 Biliary self-expanding
metal stent 

Fig. 6.7 Biliary and duodenal 
self-expanding metal stent



totally covered SEMS have been developed to prevent cancer ingrowth.
Multiple studies have compared uncovered with partially covered and totally
covered SEMS and found no difference in stent patency [28]. In addition,
severe adverse events occurred more frequently in partially covered SEMS,
mainly due to stent migration. Experimental treatment with drug-eluting metal
stents has been proposed to extend the duration of biliary patency. Paclitaxel
was mixed with polyurethane and tetrahydrofuran to create a stent membrane
that slowly released the drug. The mean patency of these stents was 429 days
in 21 patients with unresectable malignant biliary obstruction [29]. Pancreatic
cancer is the most common cause of malignant gastroduodenal obstruction and
occurs in 11–20% of patients. Endoscopic palliation with duodenal SEMS is the
treatment of choice (Fig. 6.7). Duodenal SEMS are similar to biliary, but are
longer (6–12 cm), larger (18–23 mm) and uncovered to prevent migration and
ampulary occlusion. Technical success is achievable in 92–100% of patients
and clinical success in 81–92% [30]. Complications range from 11% to 43%,
generally due to the migration or occlusion of stents. Endoscopic enteral stent-
ing appears to be cost-effective compared with surgical bypass with less mor-
bidity and comparable improvement in quality of life.
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7.1 Introduction

Pancreatic cystic tumors represent a diagnostic and therapeutic challenge.
These lesions are being discovered incidentally because multidetector com-
puted tomography (MDCT) is being used more often for the diagnosis of
abdominal complaints. Over the past decade, there has been a tenfold
increased incidence of pancreatic cystic tumors due to increased use of CT
and endoscopic ultrasound (EUS) [1]. There is an increased number of resect-
ed cystic lesions because more patients with pancreatic cystic lesions are
being referred to hepatopancreatobiliary (HPB) surgeons [1, 2].

The vast majority of pancreatic cystic lesions are cystic neoplasms [3]
whereas pseudocysts account for ≈30%. Rarely, non-neoplastic cysts are true
congenital cysts, polycystic disease, or cystic fibrosis. Cystic pancreatic neo-
plasms account for 1–20% of all primary pancreatic tumors (1). 

The first authors to propose a classification for pancreatic cystic lesions
were Compagno and Oertl [4]. The tumors were divided into serous cystic
neoplasms (benign) and mucinous cystic neoplasms (MCNs) with overt and
latent malignancy. More recently, Basturk and Adsay [2] reported a classifica-
tion based on pathologic, pathogenetic and biologic features (Table 7.1). They
classified cystic lesions of the pancreas on presumed cell origin. In this clas-
sification, neoplastic cysts are 60%, and the most frequent are those from a
ductal lineage: mucinous type (30%) and serous (clear cell) type (20%). Solid



pseudopapillary neoplasms are ≈5% and in the undetermined lineage group.
The World Health Organization [5] has classified cystic tumors of the pancreas
by considering the most frequent and important ones. Cystic neoplasms are
divided into benign (acinar cystadenoma and serous cystoadenoma, SCA), pre-
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Table 7.1 Types of cystic lesions in the pancreas. Reproduced with permission from [2]

Injury-related and inflammation-related cysts (30%)

• Pseudocyst

• Paraduodenal wall cyst

• Infection-related cysts

Neoplastic cysts (60%)

Ductal lineage

Mucinous type (30%)
• Intraductal papillary mucinous neoplasm

• Mucinous cystic neoplasm

• Intraductal oncocytic papillary neoplasm

• “Retention cyst”, “mucocele” and “mucinous non-neoplastic cyst”

• Cystic change in ordinary ductal adenocarcinoma 

• Other invasive carcinomas

Serous (clear-cell) type (20%)
• Serous cystadenoma

• Oligocystic (macrocystic) variant of serous cystadenoma

• von Hippel-Lindau syndrome and associated pancreatic cysts

• Serous cystadenocarcinoma

Not otherwise specified
• Intraductal tubular carcinoma

Endocrine lineage (< 5%)

• Cystic pancreatic endocrine neoplasm

Acinar lineage (< 1%)

• Acinar cell cystadenoma (cystic acinar transformation)

• Acinar cell cystadenocarcinoma

• Cystic/intraductal acinar cell carcinoma

Endothelial lineage (< 1%)

• Lymphangioma

Mesenchymal lineage (< 1%)

Undetermined lineage (5%)

• Solid-pseudopapillary neoplasm

Other

• Mature cystic teratoma

Congenital cysts (< 1%)

• Duplication (enterogenous) cysts

• Duodenal diverticula

• Others

Miscellaneous cysts (< 5%)

• Lymphoepithelial cyst

• Squamoid cyst of pancreatic ducts

• Epidermoid cysts within intrapancreatic accessory spleen

• Cystic hamartoma

• Endometriosic cysts

• Secondary tumors



malignant lesions (neoplasms with low-, intermediate- or high-grade dyspla-
sia) and malignant (cystoadenocarcinoma or invasive associated carcinoma,
solid pseudo-papillary neoplasms).

7.2 Serous Cystic Neoplasms

SCAs arise from the centracinar cell/intercalated duct system. They are more
frequent in females than males (2:1) and present at a mean age of 75 years. SCAs
usually present as large masses measuring up to 25 cm, with 50% located with-
in the head of the pancreas. They are usually single, but multifocal lesions may
be associated with von Hippel–Lindau disease [7]. Most patients present with
abdominal fullness, vomiting, dyspepsia, weight loss and other vague symptoms
[1, 8]; jaundice may be observed; 30% of cases are asymptomatic. 

Macroscopically, their surface shows numerous small, thin-walled cysts
(spongelike or honeycomb appearance) arranged around a central stellate scar
(present in 13–18%) caused by calcification of fibrous stroma (Fig. 7.1). There
is no communication with the Wirsung duct. Microscopically, they have a sin-
gle layer of cuboidal or flattened cells lining small cysts [2]. SCAs express
cytokeratins (AE1/AE3, CAM 5.2, CK7, CK8, CK18,CK19) and α-inhibin
without immunoreactivity to carcinoembryonic antigen (CEA). The rare oligo-
cystic (macrocystic) variant is composed of larger loculi without a central scar
and sometimes making the differential diagnoses with mucinous tumors and
pseudocysts is difficult [2].

In 90% of patients, it is possible to make the correct diagnosis with clini-
cal and imaging findings. Ultrasound is usually the first step in diagnostic
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Fig. 7.1 Microcystic serous 
adenoma in the body of the 
pancreas. The cut surface shows
numerous small, thin-walled
cysts arranged around a central
stellate scar



imaging for suspect SCAs, but there are two reasons why the microcystic pat-
tern may not be recognized: (i) in spongelike masses, the multiplicity of the
small cysts and the fibrous stroma appears as a solid tumor and (ii) in cases of
mixed tumors, the macrocystic component conceals the microcystic compo-
nent, resulting in a macrocystic mass [9].

Unenhanced CT shows from a poorly defined to a thin, well-defined cap-
sule. Contrast-enhanced CT demonstrates enhancement of septa and well-
delineated small cysts in honeycomb patterns with central scars and capsulae
enhancement [10]. Sometimes, the distal pancreas may be atrophic and the
common bile duct dilated. Magnetic resonance imaging (MRI) shows a honey-
comb shape with low signal intensity on T1-weighted images and high inten-
sity on T2-weighted images. It is possible to see small cysts and septa as high
signal, grape-like clusters on T2-weighted images. Unlike CT, central calcifi-
cation is rarely visualized with MRI [1]. EUS may help in the diagnosis if the
cysts are unilocular and similar to mucinous neoplasms. The analysis of aspi-
rated fluid demonstrates the absence of mucin.

7.2.1 Therapy

The management of asymptomatic pancreatic SCAs is observation with serial
follow-up using axial imaging studies. The median growth rate for this neo-
plasm is 0.6 cm/year, whereas it is significantly greater in large (>4 cm) SCAs,
which are more likely to be symptomatic. Therefore, expectant management is
reasonable in small asymptomatic tumors. Resection is recommended for large
SCAs regardless of the presence or absence of symptoms [11].

7.3 MCNs

MCNs can be present in perimenopausal females (male:female ratio, 1:20) The
mean age of presentation is 48 years. They are more frequently located in the
body and tail of the pancreas (70–90%) and are usually large (7–10 cm). They
are usually composed by several cysts >2 cm in diameter but also by a single
macrocystic lesion [12] (Fig. 7.2). Epigastric pain and abdominal fullness are
more frequent symptoms associated with vague symptomatology (anorexia,
weight loss, nausea and vomiting). Jaundice may be present if MCNs are in the
head of the pancreas.

These cystic neoplasms present as thick pseudocapsules and focal calcifi-
cation at the periphery. In the wall there is primarily a large mass, solid mural
nodules, and “velvety” papillation (Fig. 7.3). The cyst contains watery and
mucoid fluid. Microscopically, a tall, columnar mucin-producing epithelium is
demonstrated that is positive for cytokeratins (CK7, CK8, CK18, CK19), CEA
and mucin5AC (MUC5AC). Sometimes there is positivity to neuroendocrine
markers such as synaptophysin and chromogranin [2]. A quasi-requirement for
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the diagnosis is densely packed spindle cells with sparse cytoplasm and uni-
form, elongated nuclei (ovarian stroma). MCNs regularly express proges-
terone receptors and, to lesser degree, estrogen receptors. Cells in the stroma
stain for α-inhibin an calretinin. 

CT shows a large mass with “near water” density, as well as enhancement
of septa and the peripheral wall. Typical calcifications (i.e. “eggshell” calcifi-
cations) in the peripheral wall and septa may indicate malignancy, in 95% of
patients [6]. Also, mural nodules and papillary excrescences are predictive of
cystoadenocarcinoma. In these cases, local invasion by obliteration of fat
planes and the margins of adjacent organs may be demonstrated [1]. T1-
weighted MRI may demonstrate hypodense signal intensity in case of fluid
content, whereas protein-based or hemorrhagic liquids appears with hyper-
dense signal intensity. 
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Fig. 7.2 Mucinous 
cystoadenoma of the
pancreas of a 60-year-old
female patient. Macroscopic
appearance after distal 
spleno-pancreatectomy

Fig. 7.3 Mucinous 
cystoadenoma of the 
pancreas (cut surface).
Velvety papillations are 
present in the cyst wall



Septa and mural nodules may be seen with T2-weighted images. On EUS,
mucinous neoplasms are revealed as complex cysts, and are visible septal
mural nodules, calcifications and other signs of local invasion, vascular inva-
sion, and lymph-node masses.

7.3.1 Therapy

The therapy of MCNs is surgical excision. This treatment may be influenced
by patient age, surgical risk, as well as the histological features, size and loca-
tion of the tumor.

7.3.1.1 Distal Pancreatic Resection
The localization of mucinous cystic adenomas is often in the pancreatic body
or tail, so distal pancreatectomy is the procedure of choice. It is a safe proce-
dure in high-volume centers (morbidity ranges from 5% to 50% and the mor-
tality rate is 0%) and its main complication, pancreatic fistulas, occurs in
15–20% of cases. MCNs affecting the pancreatic neck or proximal body could
require an extended right or, more frequently, an extended left pancreatecto-
my. These extended resections of normal pancreatic tissue may induce
endocrine and exocrine insufficiency in 30–35% and 15–20%, respectively,
which in a benign or premalignant disease could be important. 

Distal pancreatectomy can be undertaken with splenectomy or in a spleen-
preserving fashion. Studies comparing patients undergoing distal pancreatec-
tomy with or without splenectomy show no significant differences in relation
to perioperative complications, mean operation time, pancreatic fistula rate,
duration of hospital stay, and mortality. However, to carry out complete onco-
logical lymphadenectomy, spleen-preserving methods must be avoided in the
presence of large tumors or risk factors for invasive malignancy, such as the
size of the lesion, eggshell calcifications and mural nodules.

Spleen preservation can be undertaken with or without preservation of the
splenic artery and vein [13]. Although the procedure without preservation of
the splenic artery and vein appears to be technically less difficult and can be
achieved in a shorter operating time, it has been associated with a higher inci-
dence of vascular insufficiency in the spleen. 

7.3.1.2 Central Pancreatectomy
MCNs located at the proximal body or neck of the pancreas are suitable for
central pancreatectomy. Although the procedure is associated with low mortal-
ity, the overall morbidity ranges from 25% to 35%, and the overall prevalence
of pancreatic fistulas is 22–45%. This method preserves the spleen and, com-
pared with extended left pancreatectomy or pancreatico-duodenectomy, also
preserves endocrine and exocrine functions [14]. Indeed, the prevalence of
endocrine and exocrine insufficiency after central pancreatectomy has been
reported to be 4–7% and 5–8%, respectively. This surgical method is techni-
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cally demanding, and associated with a higher prevalence of postoperative
complications as well as with the risk of recurrence from potentially residual
neoplasms. 

7.3.1.3 Tumor Enucleation
Tumor enucleation has been proposed for patients with MCNs <2 cm (which
carry a very low probability of malignancy). The benign features and superfi-
cial localization of these tumors direct the choice of surgical strategy.
Enucleation avoids postoperative pancreatic insufficiency and can be done
without the risk of recurrence. However, it has been associated with a higher
prevalence of pancreatic fistulas (30–50%) [15].

7.3.1.4 Whipple Procedure
A major oncologic resection such as pancreaticoduodenectomy with or with-
out pylorus-preserving surgery is recommended for MCNs localized in the
head of the pancreas. Surgical mortality ranges from 0% to 5%, and is gener-
ally related to complications due to the pancreatic anastomosis. However, the
most common postoperative complications are delayed gastric emptying and
pancreatic fistulas, which occur in 5–10% and 6–20% of cases, respectively.
When an enucleation is not possible or contraindicated, MCNs localized in the
pancreatic head can be treated by a duodenum-preserving total pancreatic head
resection (DPPHR). This procedure shows significant advantages when com-
pared with pancreaticoduodenectomy in relation to postoperative rate of mor-
bidity and mortality, glucose metabolism, hospitalization and cost.

7.3.1.5 Lymphadenectomy
Pancreatectomy with lymph-node dissection must be carried out whenever
suspicion of malignancy exists. There is no evidence of invasive mucinous
cystic adenocarcinoma with distant lymph-node metastases, so only loco-
regional lymphadenectomy is justified. In addition, the probability of malig-
nancy is very low in cases of small MCNs without nodules, so lymphadenec-
tomy can be avoided in these cases.

7.3.1.6 Laparoscopy
In patients with benign-appearing and small malignant lesions (<5 cm), a min-
imally invasive method must be considered. In general, the laparoscopic
approach decreases the duration of hospital stay and minimizes the cosmetic
impact of the surgical wound. Recent experiences from high-volume centers
have demonstrated that laparoscopic left pancreatectomy for MCNs of the
body and tail of the pancreas is feasible and safe. The complication rate of
laparoscopic left pancreatectomy ranges between 15% and 20% with a mortal-
ity rate of 0% whereas, in spleen-preserving laparoscopic pancreatic resection,
the overall morbidity ranges from 25% to 40%. The overall prevalence of pan-
creatic fistulas was 5–8% and 10–15% after laparoscopic spleen-preserving
distal pancreatectomy and laparoscopic left pancreatectomy, respectively [16].
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7.4 Intraductal Papillary Mucinous Neoplasms (IPMNs)

IPMNs are characterized by the intraductal proliferation of mucinous cells
which form papillae and lead to cystic dilation of the pancreatic ducts to form
masses [2]. Main-duct intraductal papillary mucinous neoplasms (MD-IPMNs)
usually involve dilation of the main pancreatic ducts with or without the asso-
ciated involvement of the branch ducts (“combined IPMNs”). Mucin produc-
tion causes ductal ectasia and multiloculated masses (Fig. 7.4). In branch-duct
intraductal papillary mucinous neoplasms (BD-IPMN), the side branches of
the duct system are involved and the cystic lesions communicate with the non-
dilated main pancreatic duct [1, 17]. 

IPMNs represent ≈1% of all pancreatic neoplasms and 25% of cystic neo-
plasms. The incidence in pancreatic resection specimens is 5% [2]. IPMNs
occur slightly more frequently in men than women, with a mean age at diag-
nosis of 68 years. In 25% of patients, they are asymptomatic. If symptoms are
present, the most frequent are abdominal pain (65%), weight loss (44%), pan-
creatitis (23%), diabetes mellitus (12%) and jaundice (17%). In 30% of cases,
IPMNs can be associated with synchronous or metachronous benign and
malignant tumors (digestive tract). This may be explained by the increased
medical surveillance of patients with IPMNs and common genetic or extrage-
nomic risk factors for IPMN and other tumors [18]. In some patients, elevated
serum CEA (3.8%) and cancer antigen (CA19.9; 13.1%) are possible [19]. A
total of 75% of MD-IPMNs are located in the head of the pancreas but tend to
spread to the remaining pancreatic duct. BD-IPMNs are more frequent in unci-
nate processes but may be located in all the other sides of the pancreas.
Microscopically, they can be classified into benign (adenoma), borderline
(moderate dysplasia) and malignant (in situ carcinoma and invasive carcino-
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Fig. 7.4 Total 
pancreatico-
duodenectomy for an
intraductal papillary
mucinous neoplasm.
After incision of the
pancreas, abundant
quantities of mucin and
gelatinous material are
evident



ma). Very important and complicated is the histological patterns of papillae
usually formed by columnar cells with a different spectrum of atypical cytoar-
chitecture.

Immunohistochemical patterns show four cell types according to MUC and
CDX2. The type MUC2+/CDX2+ are intestinal type with a good prognosis,
whereas MUC2-/CDX2-/MUC1+ is a pancreatobiliary type with a worse progno-
sis [18]. The malignancy rate is higher (49–92%) in MD-IPMNs than in BD-
IPMNs (6–46%). It may be possible to recognize different grades of dysplasia
within the same surgical specimen. Otherwise, the average age of patients with
malignant MD- IPMNs is 6.4 years older than patients with adenoma or border-
line tumors, which supports the theory of clonal progression to malignancy [18].
Larger size (>3 cm), thick cyst wall, proximal location, mural nodules, and mucin
leakage from patulous ampullae are predictors of malignancy for IPMNs (20).

With respect to the genetic role in the pathogenesis of IPMNs, a high rate
(65%) of KRAS mutations in these patients has been noted. Otherwise, sever-
al other genetic alterations may be present in IPMNs, such as activation of
AKT/PKB and HER2/EGFR or mutation of STK11/LKB1. Many of these
overexpressed genes are also highly expressed in pancreatic adenocarcinoma.
Recently, some authors have suggested a role for the sonic hedgehog (SHH)
pathway in IPMN pathogenesis, whereas fascin expression seems to be higher
in borderline neoplasms and carcinomas than in adenomas, suggesting overex-
pression in the progression of IPMN [18].

On CT, it is possible to see the dilated and tortuous main pancreatic duct in
MD-IPMNs, whereas BD-IPMNs appear as lobulated cystic lesions with char-
acteristic grape-like clusters (Fig.7.5). MRI imaging (more in T2-weighted) is
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Fig. 7.5 Contrast-enhanced
CT in a 64-year-old female
patient with a diffuse 
intraductal papillary 
mucinous neoplasm



useful for demonstrating main-duct dilatation and the characteristics of cystic
masses. Magnetic resonance cholangiopancreatography (MRCP) can show not
only the main pancreatic duct, but also the cyst and its possible communica-
tion with the main duct. With MRCP, it may be possible to undertake a differ-
ential diagnosis between MD-IPMNs and BD-IPMNs [1]. Secretin-stimulated
MRI (Fig. 7.6) can be used to highlight the ductal anatomy, and it is common-
ly used in pancreatic centers, but its superiority to non-secretin studies in the
evaluation of IPMNs has not been proven [21]. ERCP is helpful if the triad of
Ohashi (bulging ampulla of Vater, mucin secretion, dilated pancreatic duct) is
present. The injection of contrast may demonstrate intraluminal filling defects
representing small papillary projections (1). 

EUS is useful for the assessment of the characteristics of cysts, ductal
anatomy, pancreatic parenchyma, peripancreatic invasion of tumor, and lym-
phadenopathy as well as other signs of malignancy. EUS is operator-depend-
ent with low sensitivity (50–60%) [1, 10]. 

Use of EUS with fine-needle aspiration is increasing in pancreatic centers.
The fluid analysis for CEA (< or > 192 ng/mL) is the best test to differentiate
a mucinous cyst from a non-mucinous cyst [22]. The sensitivity and specifici-
ty for CEA is 73% and 84%, respectively, but it is possible to improve the
analysis by combining CEA and molecular analyses (total DNA, KRAS muta-
tion). It is recommended that the fluid be sent for assessment of the levels of
CEA, amylase, lipase and/or cytology. Analyses of levels of lipase and amy-
lase can aid determination of ductal communication and may differentiate
mucinous neoplasms from IPMNs [21]. High viscosity (>1.6 Pa.s) and CEA
>6,000 ng/mL is diagnostic for mucinous cystoadenocarcinoma. CEA levels
<6,000 ng/mL and viscosity >1.6 Pa.s are predictive of mucinous cystoadeno-
mas [23]. Recently, some authors stated that the level of CEA in cyst fluid is
not predictive of invasive cancer in patients with IPMNs [24]. Table 7.2 shows
the most important fluid characteristics of cystic lesions of the pancreas.

108 M. Farsi et al.

Fig. 7.6 MRI in a 65-
year-old female patient
with an intraductal
papillary mucinous 
neoplasm of the entire
pancreas



7.4.1 Therapy

The surgical planning to treat IPMN is often complex. Preoperative studies show
a dilated pancreatic duct, but the intraductal mass is often too small to be detect-
ed. Indeed, because IPMNs extend along the pancreatic duct, it is important to
rule out tumors in the margin. In addition, because of the overproduction of
mucus, dilation can occur proximal and distal to the tumor, and neoplasm local-
ization becomes problematic. The therapeutic recommendations for IPMNs are
based on a consensus report and on case series from the past decade [20]. 

7.4.1.1 Non-surgical Approaches
Distinction between IPMNs involving the main duct (MD) or branch duct (BD)
plays a central part in therapy. MD-IPMNs constitute an indication for surgery,
whereas the treatment of BD-IPMNs is dependent upon clinical, morphologi-
cal, and imaging criteria. In theory, endosonography with aspiration cytology
could be used to determine the malignant potential of BD-IPMNs <3 cm in
diameter. However, whether this examination is sufficient is controversial.
Asymptomatic BD-IPMNs with a diameter <10 mm should merit annual fol-
low-up, whereas lesions of diameter 10–20 mm should be monitored every
6–12 months. In BD-IPMNs of diameter >20 mm, the indication for surgery
should be according to clinical status and discussed with the patient. According
to published guidelines, BD-IPMN >3 cm should be resected because of malig-
nant potential. Furthermore, surgery is indicated for symptoms, enlarged lymph
nodes, or a distended main duct. However, if no changes have occurred after 2
years of monitoring, the interval of follow-up may be extended.
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Table 7.2 Most important characteristics in the fluid patterns of cystic lesions of the pancreas

after endoscopic ultrasound-fine-needle aspiration

Pancreatic cysts Fluid analyses

Pseudocyst ↑ Amylase 

↓ Viscosity

Serous cystic neoplasm ↓ Amylase 

↓ CEA 

↓ CA19-9

↓ Viscosity

Mucinous cystic neoplasm ↓ Amylase 

↑ CEA 

↑ CA 19-9

↑ Viscosity

↑ Mucin

↑ Mucinous cells

Intraductal papillary mucinous neoplasms ↑ Amylase

↑ CEA

↑ Viscosity

↑ Mucin

↑ Mucinous cells



7.4.1.2 Surgical treatment of IPMNs
Due to the malignant potential of MD-IPMNs, surgery is essential [25].
Conversely, the need for resection for BD-IPMN needs to be defined according
to the risk of malignancy. The probability of a malignant BD-IPMN ranges
between 30% for symptomatic subjects and <5% in asymptomatic individuals.
In case of unclear tumor malignancy, the indication for resection should be
defined liberally because only surgical treatment offers an opportunity for cure. 

Resections include pylorus-preserving pancreaticoduodenectomy, distal
pancreatectomy, and total pancreatectomy in multifocal lesions. Intraoperative
histological frozen sections are used to determine the extent of the resection.
Tumor-free resection margins are required for all IPMNs. If higher-grade dys-
plasia is found in the resection margin, then the resection should be continued
until a negative margin has been achieved, even at the risk of total pancreate-
ctomy, depending on the age and condition of the patient.

7.5 Solid-pseudopapillary Neoplasms (SPNs)

SPNs are rare (1–2% of exocrine pancreas tumors and 4.6% of cystic neo-
plasms of the pancreas). Usually, they occur in the third or fourth decade in
females (mean age, 28 years; male to female ratio, 1:20). Most SPNs are large
(8–9 cm in diameter), often encapsulated, and distributed through the pancreas
(Fig. 7.7). The cavities are not true cysts, but instead represent a
necrotic/degenerative process [2]. The cut surface shows a variable appearance
depending on the degree of hemorrhage and necrosis. This neoplasm is one of
very few tumors for which the direction of differentiation of neoplastic cells
has yet to be established. No evidence exists for ductal, acinar, or frank
endocrine differentiation [26]. Immunohistochemically, the neoplastic cells
diffusely and strongly express vimentin, α1-antitrypsin, β-catenin, CD10, and
c-kit (CD117) (Fig.7.8). Cells are less commonly positive for synaptophysin
and neuron-specific enolase and negative for chromogranine. The cells express
progesterone receptors and only the beta form of estrogen receptors, suggest-
ing a role for hormones in the origin of these neoplasms. 

Most patients present with abdominal fullness, vomiting, dyspepsia, weight
loss and other vague symptoms, and frequently are asymptomatic; jaundice is
rare. The most important symptom is pain, and is mostly due to large masses.
Usually, they are benign tumors but in 15% of patients peritoneal and liver
matastases are possible (Fig. 7.9).

Ultrasound shows an encapsulated mass with hyper-isoechoic areas for
solid patterns (usually peripheric) and hypo-anechoic areas in the cystic part
of the tumor (more frequently in the tumor center). Unenhanced CT shows
hypodensity in cystic lesions and hyperdensity in solid forms, whereas con-
trast-enhanced CT demonstrates enhancement of capsulae and calcifications in
30% of cases. MRI shows low signal intensity on T1-weighted images and
moderate/high intensity on T2-weighted images. On T1- and T2-weighted
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images, hemorrhagic areas demonstrate high intensity while capsulae showing
low-intensity signals [27]. EUS- and CT-guided FNA may help in the diagno-
sis with demonstration of papillary structures by showing cells with cytoplas-
mic vacuoles and round/oval and uniform nuclei with finely stippled chro-
matin [28]. CT, MRI and positron emission tomography (PET) help in the
diagnosis and localization of metastasis (Fig.7.10).

7.5.1 Therapy

Resection is the main therapeutic approach for SPNs [29]. Intraoperative patho-
logical frozen slices, tumor localization, and range of invasion are important for
the choice the optimal surgical strategy. They may be characterized by a non-
aggressive behavior, an excellent prognosis, and may present a dense capsule:
hence a favourable curative effect could be achieved by minimized resection [30].
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Fig. 7.7 Solid pseudopapillary
carcinoma of the pancreas in a
26-year-old female patient.
Macroscopic features after distal
spleno-pancreatectomy

Fig. 7.8 Histologic pattern in
hepatic metastasis of solid 
pseudopapillary carcinoma.
Cytoplasmic and nuclear 
β-catenin immunostaining (left)
of metastatic tissue are evident in
comparison with normal hepatic
microscopic morphology



Such tumors are usually found in females aged <30 years. Hence, to
improve postoperative quality of life, limiting the resection to preserve normal
pancreatic tissue and to maintain its functional structure is important. Lymph-
node metastasis is uncommon, so lymph-node dissection is not usually neces-
sary. Standard resection with tumor-free margins confirmed by intraoperative
frozen sections is recommended if a SPN with malignant potential is found,
such as distant metastasis, local lymph-node metastasis, or invasion of adja-
cent organs. Long-term survival after resection is reported for most patients
(even for cases with metastatic disease). Martin et al. reported 4 patients with
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Fig. 7.10 Coronal CT of a solid pseudopapillary carcinoma of the pancreas in a 26-year-old fema-
le patient. A hepatic metastatic lesion is visible in segment VIII

Fig. 7.9 Hepatic metastasis in
solid pseudopapillary carcinoma
of the pancreas in a 26-year-old
female patient (macroscopic 
features after hepatic resection)



synchronous liver metastasis who underwent resection of the primary and liver
lesions [29] Two of these 4 patients were alive without evidence of disease at
6 months and 11 years, respectively. Conversely, 1 patient died of progression
of metastatic disease at 8 months, and the remaining patient was alive with
recurrence in the liver at 6 years. In this study, another patient with a tumor of
the head of the pancreas with invasion into the colon was described. This
patient underwent pancreaticoduodenectomy plus partial transverse colecto-
my, and was alive without evidence of recurrence after 22 months of follow-
up. Therefore, local invasion and metastasis are not surgical contraindications
for patients with SPNs, and even recurrence of SPNs is associated with a good
prognosis after resection of the recurrent lesion.

7.6 Acinar Cell Cystoadenoma (ACA) 
and Cystoadenocarcinoma

ACA is a benign lesion more common in adult females, and is usually discov-
ered incidentally [2]. Multicentricity is common, and sometimes large masses
are capsulated. Microscopically, the cysts are lined by one to several layers of
cytological band acinar cells with round eosinonophilic cytoplasm. The tumor
expresses CK7, which is usually negative in normal acinar cells. The cystic form
of acinar cell carcinoma is extremely uncommon. The lesions are very large
(mean diameter, 24 cm) with cystic lesions ranging from a few millimeters to
several centimeters. Metastases are also common at the time of diagnosis.
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8.1 Introduction

Gastrointestinal stromal tumors (GISTs) are rare neoplasms, with an estimat-
ed incidence of 14.2 cases/million/year in northen Italy [1]. However, they are
the most common mesenchymal neoplasms of the gastrointestinal (GI) tract
[2]. With a slight male predominance, most GISTs are found in adults >40
years of age, with a median age of 60–65 years. GISTs are nearly all sporadic,
but a small subset of GISTs (≤5%) occurs in familial or idiopathic multitumor
syndrome. In decreasing order of frequency, the four most important GIST
syndromes are: type-1 neurofibromatosis (wild-type GISTs located predomi-
nantly in the small bowel and possibly multicentric); Carney triad (gastric
GIST, pulmonary chondroma, and extra-adrenal paraganglioma); familial
GIST syndromes resulting from germline mutations in c-Kit/PDGFRA; and
Carney–Stratakis syndrome (hereditary GIST paraganglioma caused by
germline mutations in the mitochondrial tumor suppressor gene pathway
involving the succinate dehydrogenase subunits SDHD, SDHC, and SDHB).
GISTs are submucosal tumors that arise in the digestive tract. Stomach (60%)
and small intestine (30%) are the most common primary sites, the duodenum
(5%), colon and rectum (<5%), esophagus and appendix (<1%) are the less
common primary sites. Rarely, GISTs develop within the mesentery, omen-
tum, or retroperitoneum [2]. 
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8.2 Diagnosis

Clinical presentation can be indolent. Most patients have non-specific symptoms
such as nausea, constipation or diarrhea, abdominal discomfort, occult GI bleeding,
weight loss, or worsening general condition. Most of these tumors are identified
incidentally during endoscopy, ultrasound, computed tomography (CT), or even at
laparotomy undertaken for other reasons. Although acute hemorrhage, perforation,
or obstruction may lead to an emergency presentation, GISTs usually grow insidi-
ously as extraluminal masses from their submucosal origin in a non-invasive man-
ner, pushing adjacent organs away from the expanding mass. Liver metastases and
peritoneal dissemination are the most common signs of malignancy. Between 15%
and 50% of GISTs are metastatic at the time of the diagnosis [3].

Endoscopic ultrasonography (EUS) is a useful tool for the diagnosis of GISTs
(especially for small esophageal or duodenal nodules <2 cm) because it can visual-
ize the structures of the wall of the digestive tract and harvest tumor samples by
endoscopic ultrasonography-guided fine-needle aspiration biopsy (EUS-FNAB) for
histological examination using immunohistochemistry (CD117 and/or DOG1) and
for mutational analyses. Mutational analyses for known mutations involving KIT
and PDGFRA genes can confirm the diagnosis of GIST if there is doubt (particu-
larly in CD117/DOG1-negative suspect GIST), and may predict response to thera-
py with tyrosine kinase inhibitors (TKIs). However, even if biopsy is useful for the
diagnosis and planning the best therapy, percutaneous or laparoscopic biopsies of
tumors that cannot be examined by endoscopic means should be avoided for the
risk of tumor-cell seeding. Biopsy may also be proposed for suspected sites of
metastatic disease. 

For GISTs without metastases, risk classification based on mitotic count
(expressed as the number of mitoses per 50 high-power fields on a total area of 10
mm2), tumor size (expressed in centimeters), and tumor site (stomach better than
small intestine and rectum) is recommended. Risk classification allows one to dis-
tinguish GISTs in very low-, low-, intermediate- and high-risk categories, and to
identify patients who may be able to take advantage of adjuvant therapy with ima-
tinib mesylate (imatinib) after radical surgery [4, 5]. “Very low-risk” and “low-
risk” categories have a very favorable prognosis, the “high-risk” category has an
unfavorable prognosis, and the “intermediate-risk” category cannot be used to dis-
criminate between patients with favorable and unfavorable prognoses.

For staging of the disease, contrast-enhanced CT of the abdomen and pelvis is
the main examination because GISTs metastasize to the liver and peritoneum. Mag-
netic resonance imaging (MRI) or contrast-enhanced ultrasound may be alternatives.
MRI provides better preoperative information for rectal GISTs. CT or radiography
of the chest and routine laboratory tests complete the staging work-up. 18F-fluo-
rodeoxyglucose (18F-FDG) positron emission tomography (PET) is not employed for
initial staging of the disease, but for assessing response to adjuvant therapies.

The decision-making for optimal treatment involves a multidisciplinary team
(pathologist, diagnostic radiologist, medical oncologist, surgical oncologist), possi-
bly in reference centers. 
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8.3 Surgical Therapy

8.3.1 Surgical Therapy of Primary Localized GISTs

The treatment of GISTs has had a radical change with the introduction of the TKI
imatinib. This agent has demonstrated exceptional efficacy in GIST treatment,
improving the survival of patients with metastatic, recurrent, and advanced-stage
disease [6, 7]. Surgery is the “gold standard” for primary localized (≥2 cm) GISTs
that are potentially resectable with a low risk of morbidity.

At surgery, careful exploration of abdomen is essential to exclude liver and peri-
toneal metastases. If a tumor is present and resectable, surgery may be radical, and
otherwise supports subsequent treatment with imatinib. The primary therapy is a
complete resection, which requires macroscopically negative resection margins,
(gross safety margins of 1–2 cm are sufficient). Given its friability, every effort to
preserve intact the pseudocapsule of the tumor must be made, and spontaneous or
surgical rupture of the tumor must be recorded because a GIST becomes high-risk
independent of any other prognostic factor [8]. GISTs metastasize by the hematoge-
nous route and nodal metastases have a low incidence with the exception of syn-
dromic GISTs, which can cause nodal metastases in 20% of cases [9]. Therefore,
lymphoadenectomy is not necessary and systemic or prophylactic lymph-node dis-
section does not improve the prognosis. In case of suspected metastatic lymph
nodes, a pick-up dissection is considered sufficient. If the resection margin is
macroscopically positive, a re-resection should be considered if: the site(s) of pos-
itive margin can be located precisely; the residual tumor is completely resectable;
dissemination or serosal invasion is not present; and morbidity is acceptably low. If
the site(s) of positive margin is/are uncertain and/or the risk of morbidity is high,
the patient should be placed under observation. With the patient’s consent, both
options are valid with almost similar survival. Re-operation is not indicated if
resection margins are microscopically positive on final pathology. According to
these oncologic principles, wedge resection is considered sufficient for gastric
GISTs as is limited duodenal resection for duodenal GISTs. Enucleation may be
undertaken for esophageal leiomyoma because of its favorable prognosis and func-
tional outcomes, but is not indicated for GISTs at other sites.

Treatment decision-making can be different if small (<2 cm) esophago-gastric
or duodenal nodules are detected, and EUS-FNAB feasible. In these cases,
although standard treatment is surgical excision, the multidisciplinary team can
decide with the patient to follow-up the lesion with EUS if the GIST is low-risk, or
in case of major surgical morbidity. In the presence of small (<2 cm) rectal nodules,
the approach is biopsy and excision because the risk at this site is higher, as well as
for small intestinal nodules. However, the management of incidentally discovered
GISTs <2 cm is controversial because their natural history remains unknown [10].

Preoperative multidisciplinary planning must carefully consider a course of pre-
operative imatinib therapy [10] if a GIST is poorly situated. Examples of such poor-
ly situated GISTs are: a GIST at the esophago-gastric junction requiring a esopha-
go-gastric resection; gastric GIST requiring total gastrectomy; duodenal GIST
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requiring pancreatoduodenectomy; low rectal GIST requiring abdominoperineal
resection; or even in patients with GISTs that are resectable with negative margins
but associated with significant surgical morbidity. Several case reports have
demonstrated that preoperative imatinib may spare multi-visceral resection or pre-
serve organ function if radical treatment is employed [10]. This option may also be
adopted if the surgeon believes that a preoperative cytoreduction may reduce the
risk of bleeding and pseudocapsule rupture during surgery. In all of these cases,
rapid assessment of tumor response by PET or PET CT/MRI is necessary because
surgery must not be delayed in the presence of a non-responding resectable GIST.
Otherwise, surgery is undertaken after maximal tumor response (which is defined
as no further improvement between two successive CT scans, generally after 6–12
months [11]). Imatinib must be suspended a few days prior to surgery, does not
affect surgical morbidity, and must be started again as soon as possible after sur-
gery. However, if at surgery the tumor is strongly adherent to or invades adjacent
organs, or if the pseudocapsule might injure by separating the tumor from adjacent
organs, en bloc resection is recommended to prevent tumor cells seeding into the
peritoneal cavity. In particular cases (such as if surgery implies major functional
consequences, preoperative imatinib does not reduce tumor mass, and the GIST is
a low-risk lesion), the multidisciplinary team may propose to the patient a partial
resection. According to patient acceptance, this strategy may not imply worse over-
all survival, especially if the tumor is low risk [8]. Nevertheless, for complete resec-
tion, recurrences are common, occurring 18–24 months from the time of the index
procedure, and 5-year survival after resection of a localized tumor is ≈50% [12].

Recently, the possibility of endoscopic excision of endoluminal gastric GISTs
of small dimensions [13] has been reported. However, any endoscopic treatment
should be considered investigational in the context of a clinical trial.

Urgent surgery may be required for GISTs causing acute hemorrhage, perfora-
tion, or obstruction. In these circumstances, radical surgery may not be able to be
carried out because of the size and site of the tumor, metastases, tumor dissemina-
tion after spontaneous rupture of the tumor, or a compromised general condition of
the patient. Such instances may be managed by partial resection followed by ima-
tinib. In the case of incidental discovery of a GIST during surgical procedures car-
ried out for other diseases, the GIST should be removed, if possible.

8.3.2 Laparoscopic Surgery

Laparoscopic resection may be considered for GISTs in favorable anatomic loca-
tions (e.g., greater curvature or anterior wall of the stomach, jejunum, and ileum)
and for GISTs of diameter ≤5 cm [14, 15]. As regards size, there has been a pro-
gressive increase in the diameters of the lesions that can be removed. Thus, there is
no real limit for laparoscopic resection, even if GISTs >5 cm may require greater
mastery of the laparoscopic approach. Surgeons must be skilful in the laparoscop-
ic method and follow the oncologic principles of GIST resection, in particular,
avoiding pseudocapsule injury and tumor spillage [14, 16]. The tumor should not
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be held with forceps. Resection specimens must be removed from the abdomen in
a plastic bag to prevent spillage or seeding of port sites (though there are very few
cases of GIST recurrence at the port site [17]). With respect to oncologic principles,
laparoscopic surgery may not only reduce operating time, blood loss, and duration
of hospital stay, but also is associated with low morbidity and low recurrence rates
[14, 15]. In gastric GISTs, a combined laparoscopic–endoscopic procedure may be
necessary to identify the site of the tumor, and to ensure its complete removal.
Laparoscopic surgery may also be carried out because it is safe and has a short
operating time. Careful evaluation for laparoscopic treatment must be done if the
GIST appears to be highly vascularized, fragile on preoperative imaging, and is
high risk at histological examination or EUS imaging (irregular border, cystic
space, ulceration, echogenic foci, and heterogeneity).

8.3.3 Surgical Therapy for Locally Advanced Inoperable,
Metastatic, or Recurrent GISTs

Imatinib is the standard treatment for locally advanced inoperable, metastatic, or re-
current GISTs. Surgery alone gives poor results in metastatic disease [12], but ima-
tinib has improved overall survival (from 26% in the pre-imatinib era to 76% after
2 years of imatinib treatment [10]), and its efficacy in terms of progression-free sur-
vival (PFS) and disease-specific survival (DSS) has been demonstrated widely
[18–20]. Nevertheless, secondary progression with imatinib occurs after a median
time of 2 years because of secondary mutations that confer drug resistance, and be-
cause of pharmacokinetic alterations [21]. Thus, many centers have carried out sur-
gery upon best clinical response to imatinib to ameliorate PFS and DSS. The surgi-
cal rationale was to remove tumor bulk before secondary resistance develops or to
resect lesions that had already developed secondary resistance. The outcome of this
strategy was not good. In a study of 80 patients with metastatic GISTs who under-
went surgery after imatinib treatment and divided in two groups (group A, n=49, un-
derwent surgery upon best clinical response; group B, n=31, underwent surgery at
focal progression), PFS was 64.4% in group A, and 9.7% in group B after 2 years,
whereas DSS from the time of imatinib onset was not reached in either group. The
conclusions of this study were that surgery for focal progressive disease has a lim-
ited benefit in terms of disease control, and does not seem to prevent generalized pro-
gression in most patients. Post-imatinib surgery may be considered as part of the sec-
ond–third-line armamentarium in selected cases [22]. Two other considerations must
be added to this conclusion: (i) there may be a discrepancy between disease exten-
sion at preoperative diagnostic imaging and that found at surgery which does not al-
low radical surgery; and (ii) postoperative complications are not minimal for these
often complex procedures [22–24]. Furthermore, Blank et al. demonstrated, in 943
patients with advanced GISTs, that many objective responses evolved slowly (in 25%
of patients after 5.3 to 39 months), and that one-third of patients with the bulkiest
GISTs were long-term survivors [20]. In these cases, imatinib needs to be continued
as long as there is no progressive disease according to Response Evaluation Crite-
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ria in Solid Tumors (RECIST) criteria [25]. Although a prospective randomized tri-
al on the role of surgery on this issue has not been completed, evidence seems to sug-
gest that medical therapy with a dose escalation of imatinib is better than surgery for
patients with recurrent and metastatic GISTs that develop progression. Surgery has
a role in the emergency setting as well as in selected cases.

In conclusion, surgery is not recommended for multifocal progression. Surgery
is not effective for focal progression owing to a lack of randomized trials, and may
be proposed in a multidisciplinary setting on a case-by-case basis. Resection of
metastases if a patient is responding to imatinib is not useful [26]. 

8.4 Medical Therapy 

In 1988, the description of the activating mutation in the KIT gene (found in
70–80% of GISTs) and in the PDGRFA gene defined the drivers of tumor progres-
sion, and gave  two perfect targets for molecular therapy [27, 28].

8.4.1 Pharmacological Profiles of Active Drugs

The TKI imatinib is the first and most active agent against this disease. Originally it
was conceived to inhibit abnormal tyrosine kinase encoded by the Philadelphia chro-
mosome (BCR Abl) in chronic myelogenous leukemia, thereby preventing cell pro-
liferation. In GISTs, it is active against the receptor tyrosine kinases cKIT and
PDGFRA. Its pharmacokinetic profile is well known: absorbed after oral adminis-
tration with 98% bioavailability, it reaches a maximum concentration 2 h after dos-
ing, with 95% binding to plasma proteins. Its principal metabolite is N-desmetyli-
matinib, metabolism is in the liver via CYP450 3A4 with a half-life of 18-40 h, and
>80% of the dose is eliminated in 7 days, mainly via the fecal route (68%) and 13%
through the urinary tract. Imatinib has a well defined role in adjuvant therapy as well
as in advanced or metastatic disease. The standard dose is 400 mg/day  in adjuvant
or metastatic settings. There are some suggestions of major activity in GIST exon 9
mutated after a double dose (800 mg/day), along with some problems of patient com-
pliance. In the case of progressive disease, before sunitinib therapy, the drug dose
may be increased to 800 mg/day. The toxicity profile is acceptable: edema and flu-
id retention, and mild neutropenia (grade 1 and 2). Severe toxicities are rare: hepat-
ic dysfunction with increases in transaminase levels, severe cardiac failure, hypothy-
roidism, dermatologic reactions, bleeding or GI perforation after GIST shrinkage. 

Sunitinib is the second drug approved for GIST therapy but only as second-line
therapy or in case of imatinib intolerance. The drug has multiple anti-tyrosine
kinase activities (KIT, PDGFRA, FLT3, CSF 1R, RET) and anti-angiogenic activ-
ity. There are two dosing schedules: (i) 50 mg day, 4 weeks on and 2 weeks off or
(ii) 37.5 mg/day continuously. After oral ingestion, the maximum plasma concen-
tration is reached in 6–12 h. Protein binding is 90–95% and sunitinib is metabolized
in the liver by CP450 CYP 3A4. The terminal half-life is 40–60 h and the elimina-
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tion is by the gastrointestinal tract. Toxicities are: hypertension, cardiac failure, thy-
roid dysfunction (hypo- or hyperthyroidism), asthenia, hemorrhage, skin rashes or
discoloration.

Recently, regorafenib was approved by the US Food and Drug Administration
(FDA) as third-line therapy for metastatic GIST. Regorafenib (BAY 73-4506) is a
novel, orally active, diphenylureamultikinase inhibitor of VEGFR1-3, c-KIT, TIE-
2, PDGFR-β, FGFR-1, RET, RAF-1, BRAF and p38 MAP kinase. Two large, ran-
domized Phase III pivotal registration studies in patients with GIST and colorectal
cancer (CRC), respectively, lead to the FDA approval. Patients received oral rego-
rafenib 60–220 mg daily (160 mg daily in the extension cohort) in cycles of 21-days
on, 7-days off treatment. The most common treatment-related toxicities were
hand–foot skin reaction, fatigue, voice change and rash.

8.4.2 Oncogenic Mutation in GISTs and Therapeutic Aspects

Mutation of KIT and PDGFRA results in independent kinase activation and in
uncontrolled cell proliferation. Most (>90%) KIT mutations affect exon 11, which
encodes the juxtamembrane domain of the receptor. Seven percent to 10% of GISTs
have mutations in KIT exon 9, which determines changes in the extracellular por-
tion of the receptor. This mutation is more common in small bowel tumors. Less
common mutations are in exon 17 (activation loop) and exon 13 (juxtamembrane
domain). Ten percent of GISTs have activating mutations in PDGFRA, which
exclude KIT activation. Most PDGFRA mutations occur in exon 18, thereby mod-
ifying the loop of the kinase.

About 10–15% of GISTs are wild-type because no KIT or PDGFRA mutations
have been found. This subgroup of GISTs is not sensitive to TKIs and alternative
oncogenic drivers, such as BRAF V600E and SDH loss of function, are probably
responsible for cell activation [29].

8.4.3 Adjuvant Therapy

Risk stratification systems have practical relevance for distinguishing between
patients who are likely to be cured by surgery alone and those who could benefit
from post-surgery treatment. The first adjuvant randomized controlled trial (RCT)
was planned in the USA and published in 2009. The ACOSOG Z 9001 trial was a
randomized Phase III study investigating imatinib vs placebo in patients with radi-
cally resected GISTs of diameter ≥3 cm in diameter and positive for KIT protein.
Seven-hundred and thirteen patients were randomized to receive imatinib 400
mg/day for 1 year or placebo. The primary endpoint was PFS. After a median fol-
low-up of 19.7 months, 70 patients of 354 (20%) who received placebo had a recur-
rence, as compared with 30/359 (8%) in the imatinib arm. One-year PFS was 98%
in the imatinib arm and 83% in the placebo arm. Overall survival at 48 months was
identical in both arms [30].
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A later analysis on the mutation subtypes showed significant PFS at 2 years for
GIST exon 11 and PDGFRA mutations, but not for exon 9 and wild-type GIST [31].

In 2012, a German/Scandinavian research team published the results of a small-
er study, involving 400 patients, randomized for 3 years vs 1 year of imatinib adju-
vant therapy. The daily dose of the drug was 400 mg. After 54-month follow-up,
only 25% of those who had 36-month therapy had a relapse compared with 42% of
patients who received 12-month therapy; 93% of patients in the 12-month arm and
85.4% in the 36-month arm had GISTs that were positive for KIT expression. The
primary endpoint was RFS interval, and it was significantly better in the 36-month
arm (50 events) than in 12-month arm (84 events). Twenty-five deaths were record-
ed in the 12-month arm and 12 in the 36-month arm, demonstrating the superiority
of a longer period of imatinib therapy [32]. As a consequence of those results, ima-
tinib was approved for adjuvant therapy in intermediate and high-risk GISTs by the
FDA and the European Medicines Agency (EMA).

The fundamental questions are: which patients should be treated and for how
long? There is no definitive answer, only expert suggestions [33]. Postoperative
imatinib administration should be considered in GISTs with a >50% chance of
relapse according to the Gold nomogram [34]. Wild-type GISTs or PDGFRA
D824V should be excluded because they are insensitive. Patients who suffered
GIST rupture should be treated as if they had metastatic disease. In the adjuvant set-
ting, all patients should start the therapy ≤3 months after surgery with a standard
dose of 400 mg/day even in exon 9 mutations. In intermediate-risk disease, the
length of therapy is 12 months; in high- and very-high-risk disease, 36-month treat-
ment should be the standard [33]. The European Organisation for Research and
Treatment of Cancer (EORTC) study is anxiously awaited to add information about
intermediate-risk patients.

8.4.4 Therapy in Advanced Disease

Until 2001, there was no active therapy for metastatic GISTs. Chemotherapy was
inactive with objective responses <5% and time to progression (TTP) <3 months,
and reiterated surgical interventions were the unique alternative with very poor
results and death occurring in 6 months time [12]. In 2001, the situation changed
dramatically, altered by the first case report by Joensuu et al., [35] who adminis-
tered imatinib in a single patient with widely metastatic disease. The extraordinary
tumor response lead to a Phase I study by the EORTC sarcoma group. In this study,
36 patients with metastatic GISTs were treated with imatinib in escalating doses
from 400 mg to 800 mg. Thirty-two patients had an objective response [36]. This
result started two contemporary Phase II trials: the first in Europe and the second a
USA–Finnish study. Both studies compared doses of 400 mg with 600 mg of ima-
tinib: 87% in the USA–Finnish and 89% in the EORTC study had a partial response
or stable disease [20].

Subsequently, two Phase III studies were planned comparing 400 mg vs 800 mg
daily of imatinib. In the EORTC study, only 18% of patients had progressive dis-

122 A. Comandone et al.



ease, whereas in the S0033 study 26% of patients had progressive disease [19, 37].
The metastatic GISTs of those studies showed that in exon 9 GISTs a dose of 800
mg/daily of imatinib gave a better PFS than standard dose [37]. Unfortunately,
despite those results, metastatic GISTs often progress within few months. Only
18% of patients did not show progression of GIST at 10 years [38]. Therapy must
be continued because discontinuation of imatinib causes disease progression in all
patients [39].

Imatinib resistance is a well-known phenomenon and can be divided into two
groups: primary resistance (≈10% of patients who never respond to therapy), and
secondary resistance (progression of disease after a variable time of continuous
treatment). Primary resistance is related to wild-type tumors or intrinsically resist-
ant tumors (PDGFRA mutation D842V; KIT exon 9). Secondary resistance is due
to the expansion of GIST cells with secondary mutations. The secondary mutation
occurs on the same allele of the leading and primitive allele. The KIT exon 11
mutation is the most common, so this one probably develops a secondary mutation.
Secondary resistance develops in the activation loop (exons 17 and 18) and in ATP
pockets (exons 13 and 14). The secondary mutation gives a very high resistance to
all TKI drugs [40].

8.4.5 Second and Further Lines of Therapy

If disease progression is recorded, the re-biopsy of GISTs is advisable. The biopsy
determines which type of mutation has become the new driver in the disease. It may
be useful to define the second line of treatment [40]. The suggested intervention is
redoubling the dose of imatinib from 400 mg/day to 800 mg/day. About 15–20% of
the patients may have a response or stabilization of the disease for several months
[33]. Unfortunately, most patients do not benefit from this dose increase and need a
different, second line of therapy. After one Phase III study, sunitinib is the approved
second-line drug. In this study, patients treated with 50 mg of sunitinib 4 weeks on
and 2 weeks off had a TTP of 27.3 weeks compared with 6.4 weeks for the placebo
arm. A Phase II trial using sunitinib in a continuous daily dose of 37.5 mg offered
the same results [41]. Sunitinib is very active against the secondary mutations on
exon 13 and 14, but it is inactive against exon 17 and 18 mutations [42].

If GIST progresses upon sunitinib treatment, the next step is to introduce the
patient into a clinical study with an investigational agent [33]. Many agents have
been tested to target KIT or KIT signaling (PI3K MEK) or other intracellular events
(histone deacetylase inhibitors, heat shock protein, mTOR pathway). Nilotinib and
dasatinib failed to restore the sensitivity of GIST [43]. Sorafenib, after an initial
positive study, has not been developed further [44]. At the 2012 meeting of the
American Society of Clinical Oncology (ASCO), the results of a randomized study
with regorafenib vs placebo as third-line therapy were presented [45]. Patients were
randomized at a ratio of 2:1 to receive best supportive care plus regorafenib (160
mg, p.o.) once daily (3 weeks on/1 week off) or placebo. The primary endpoint was
PFS: 234 patients were screened; 199 were randomized (regorafenib 133; placebo
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66). Baseline characteristics were balanced between the two arms. The primary
endpoint was met: median PFS was 4.8 months for regorafenib vs 0.9 months for
placebo. The hazard ratio for PFS was 0.27 (95% confidence interval (CI),
0.18–0.39), p<0.0001. PFS rates at 3 months and 6 months were 60% and 38% for
regorafenib vs 11% and 0% for placebo, respectively.

Lacking an alternative therapy, re-challenge with imatinib as third-line therapy
can be considered because several experts believe that GISTs have clones that are
sensitive to TKIs even in heavily pre-treated patients, and that continuation of ima-
tinib or sunitinib should be considered to be lifelong [46].

8.4.6 Conclusion

Medical therapy for GISTs has been a great advance in long-term control of the dis-
ease. Adjuvant therapy needs longer-term follow-up as well as new studies to
define if prolonged postoperative therapy can eradicate the disease. In the metasta-
tic setting, imatinib is the most active drug and can effectively change the natural
history of the tumor. After progression on imatinib, sunitinib can improve TTP by
several months. The optimal third-line therapy is unclear. New drugs and new stud-
ies are needed urgently.
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9.1 Introduction

Gastroenteropancreatic neuroendocrine tumors (GEP-NETs) represent a rare
and heterogeneous group of neoplasms that arise from the diffuse neuroen-
docrine system within the pancreas and gastrointestinal tract [1, 2].
Pancreatic neuroendocrine tumors (pNET), a sub-group of GEP-NETs, are
characterized by specific tumor genetics, biology and clinicopathological
features. These characteristics influence therapeutic decision-making [3–7].
Recently, the incidence of pNET increased by two-to-threefold to reach
2.2/1,000,000, whereas the incidence of pancreatic adenocarcinoma has
remained stable [3, 8]. Probably, this observation reflects an improvement in
diagnotic procedures because of the introduction of new methods (e.g., spi-
ral computed tomography and ecoendoscopy) rather than a real increase in
pNET incidence.

Whilst 50–80% of pNETs are non-functional, 20–50% are defined as “func-
tional” because they produce hormones leading to different syndromes associ-
ated with an excess of that specific hormone [1, 2]. There is evidence that
patients with functional tumors survive longer than those affected by non-func-
tional tumors, with median overall survival (OS) 54 months vs 26 months,
respectively [8]. Insulinoma and gastrinoma represent the two most common
functional pNETs. Vasoactive intestinal polypeptide-producing tumor
(VIPoma), glucagonoma, somatostatinoma, pancreatic polypeptide-producing
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tumor (PPoma), adrenocorticotropic hormone-producing tumor (ACTHoma),
growth hormone-releasing factor-producing tumor (GRFoma), calcitonin-pro-
ducing tumor, and parathyroid hormone-related peptide-producing tumor are
extremely rare (9). Most pNETs have a sporadic origin, but 15–20% may be
associated with familiar disorders such as multiple endocrine neoplasia type 1
(MEN type 1), von Hippel–Lindau (VHL) disease, neurofibromatosis 1 (NF-1)
and tuberous sclerosis (TSC) [10, 11]. pNETs show localized disease at diagno-
sis in only 14% of cases, regional spread and distant metastasis are present in
22% and 64% of patients respectively (Fig. 9.1) [12].

9.2 Histological Features and World Health Organization
(WHO) Classification 2010

Neuroendocrine tumors (NETs) are considered to be epithelial neoplasms with
neuroendocrine differentiation. However, for many years, these tumors were
defined as “carcinoid” since Siegfried Oberndorfer in 1907 coined, for the first
time, the term “karzinoide” (“cancer-like”) for a tumor in the small intestine.
NETs can arise in many organs, but most NETs arise from the gut or bron-
chopulmonary system. GEP-NETs represent a heterogeneous group of relative-
ly uncommon neoplasms originating from the pancreas or gastrointestinal tract:
gastrointestinal neuroendocrine tumors (GI-NETs). The clinical outcome of
these tumors is extremely variable, ranging from indolent disease to highly
aggressive disease. Despite appreciable behavioral differences, pNETs and GI-
NETs, are considered to belong to the same family of tumors (NETs) because
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Fig. 9.1 Pancreatic neuroendocrine tumors: stage at diagnosis
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they both express neuroendocrine markers. 
The diagnosis of NET is based primarily on morphology and immunohisto-

chemical expression of the general markers of neuroendocrine differentiation.
Cytological features vary from round-to-ovoid cells with slightly granular cyto-
plasm and nuclei with dispersed chromatin (“salt and pepper”) to small or large
neuroendocrine cells. The former are typical of less aggressive tumors; the lat-
ter are associated with an adverse outcome. The more common architectural
features of NETs are trabecular, nested, glandular or mixed. These patterns are
frequently found in less aggressive NETs, whereas aggressive NETs show
irregular patterns with areas of necrosis. Among the several immunohistochem-
ical markers of neuroendocrine differentiation available, synaptophysin (a
small-vesicle-associated marker) and chromogranin (a large secretory granule-
associated marker) are considered to be more useful for the diagnosis of NETs.

The clinical behavior of NETs is related to several characteristics: anatom-
ic location as well as the grading and stage of disease. In 2000, the WHO pro-
posed a clinicopathological classification to stratify NETs according to malig-
nant potential, i.e., well differentiated (benign or with uncertain malignant
potential); well-differentiated (low-grade malignant); or poorly differentiated
(high-grade malignant). This categorization was based on: tumor size, extent of
organ-specific invasion, lymph node or distant metastases, angio-invasion,
functional status, and proliferation index. This classification showed NETs aris-
ing at different anatomical sites with different biological and clinical behavior.
This statement was confirmed and clearly defined by the European
Neuroendocrine Tumor Society (ENETS) that in 2006 and 2007 proposed a
site-specific tumor/node/metastasis (TNM) staging system for NETs. 

Moreover, ENETS proposed a histological grading system based on mitotic
activity and the proliferation index that was applicable for all anatomic sites of
the digestive system. The same histological grading system for NETs was adopt-
ed in 2010 by the WHO [3–14]. Therefore, at the present time, neuroendocrine
neoplasms (NENs) of the pancreas are classified by histology based on the same
criteria established for NENs arising at other sites by ENETS and WHO. Two
main categories can be identified: NETs and neuroendocrine carcinoma (NEC).
NETs are well or moderately differentiated tumors that are divided into two
grades: G1 or low-grade (mitoses <2 per10 high power fields and/or Ki-67 label-
ing index ≤2%) and G2 or intermediate grade (mitoses of 2–20 per 10 high
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Table 9.1 Grading system for neuroendocrine tumors of the pancreas by the European
Neuroendocrine Tumor Society (ENETS) and World Health Organization (WHO)

ENETS/WHO Grade Mitotic Count 
(10 HPF)

Ki-67 Index (%) Clinical Behavior

Low (G1) <2 ≤ 2 Variable

Intermediate (G2) 2-20 3-20 Variable

High (G3) >20 >20 Highly aggressive
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Table 9.2 Comparison of the definition for the T category in the European Neuroendocrine Tumor
Society (ENETS) and World Health Organization (WHO) Tumor/Node/Metastasis (TNM) staging
systems

Extent of Tumor TNM for ENETS TNM for WHO

T1 Confined to the pancreas, <2 cm Confined to the pancreas, <2 cm

T2 Confined to the pancreas, 2–4 cm Confined to the pancreas, >2 cm

T3 Confined to the pancreas, >4 cm, or
invasion of duodenum or bile duct

Tumor extends beyond the pancreas

T4 Invasion of adjacent organs or
major vessels

Tumor involves the celiac axis or
superior mesenteric artery

power fields and/or Ki-67 labeling index of 3–20%). NECs are poorly differen-
tiated tumors (mitoses >20 per 10 high power fields and/or Ki-67 labeling index
>20%). NECs are highly aggressive tumors that rapidly metastasize, whereas
NETs can present with indolent or highly malignant behavior (Table 9.1).

However, other cutoff values have been proposed as prognostic indicators.
For p-NETs, it has been demonstrated to be a Ki-67 index >5% (15). Although
several cutoff values have been proposed, two parallel systems for the staging
of p-NETs are available, i.e., the staging system by the ENETS and the WHO.
These systems are different given the fact that, although they use the same
TNM terminology, they refer to different extents of disease. This can lead to
confusion and limits the possibility of comparing the results of clinical trials
(Table 9.2). Recently, a large international cohort study compared the accuracy
and the usefulness of the TNM staging systems set by ENETS and WHO in a
series of 1,072 NENs of the pancreas. This study demonstrated that the ENETS
TNM staging system was more accurate and superior in performance than that
set by the WHO TNM staging system [16].

9.3 Treatment 

The management of pNETs requires a multidisciplinary approach. Moreover,
given the rarity of these tumors, patients should be treated at highly specialized
centers. A recent analysis showed a significant difference in survival between
two population based-studies (Surveillance, Epidemiology and End Results
program (SEER) and National Cancer Data Base (NCDB)) and two institution-
al databases of centers with experience in the treatment of NETs. Among stage-
IV patients, 5-year survival rates were 15% and 19% in the SEER and NCDB
vs 55% and 57% in the two institutional databases, respectively (Table 9.3). It
seems reasonable to suggest that this significant difference in survival could be
due to the better care of patients treated in specialized centers [17]. Resection
remains the mainstay for the treatment of early-stage disease and hepatic
metastasis in selected cases. Medical treatment has a key role in the manage-



ment of advanced-stage pNETs, allowing symptom control and tumor-mass
reduction. 

Non-surgical therapeutic approaches include medical treatments, interven-
tional radiology methods and radiotherapy. Medical approaches are represent-
ed by chemotherapy (CT), molecular-targeted agents (everolimus and suni-
tinib), hormonal therapy (somatostatin analogs (SSAs)) and immunomodulat-
ing agents (interferon (INF)). Interventional radiology methods include:
radiofrequency ablation, transarterial chemoembolization, transarterial
radioembolization and nuclear medicine methods (e.g., polypeptide radionu-
clide receptor therapy (PPRT)). External beam radiotherapy has a palliative
role, especially in the treatment of bone metastasis (Fig. 9.2).
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Table 9.3 Discrepancies in the survival of patients with neuroendocrine tumors across studies 

TNM Stage Institutional Analysis (US) Population Database (SEER) 

I 100% 62% 

II 88% – 

III 85% 53% 

IV 57% 20% 

Fig. 9.2 WHO classification 2010 and treatment options



9.3.1 SSAs and INF

The neuropeptide somatostatin is one of the major regulatory peptides in the
central nervous system and digestive tract. Somatostatin acts by inhibiting the
secretion of various hormones and peptides. For this reason, SSAs remain the
mainstay of treatment of symptomatic GEP-NETs. Due to their short half-life
(<2 min), native SSAs are not currently used. Nevertheless, the SSAs long-act-
ing octreotide and lanreotide autogel are characterized by long-acting formula-
tions which allow monthly administration. Long-acting octreotide and lan-
reotide autogel bind mainly to the somastostatin receptor subtypes 2 (SSTR2)
and 5 (SSTR5) and provide symptomatic as well as biochemical responses in
≤75% of patients [18]. Recently, pasireotide (a SSA with high affinity for all
types of SSTRs) was approved for acromegaly treatment. Although early data
suggest that this drug is effective in patients affected by NETs not responsive
to currently available SSAs, the treatment of NETs with pasireotide is restrict-
ed in clinical trials [19]. SSAs are safe, well-tolerated and easy to use. In retro-
spective experiences, SSAs provided a 5% partial response (PR) and 50% sta-
ble disease (SD). 

Rinke et al. randomized 85 treatment-naïve patients with metastatic well-
differentiated tumors in the midgut to receive placebo or octreotide LAR 30 mg
monthly until tumor progression. The primary endpoints were time to progres-
sion (TTP) and response rate (RR). The study was designed for the enrollment
of 162 patients in 18 academic centers in Germany, but it was stopped early
after the enrollment of 85 patients (43 received octreotide LAR 30 mg and 42
received placebo) due to the results of the interim analysis. In fact, median TTP
was 15.6 months in the octreotide LAR group vs 5.9 months in the placebo
group (hazard ratio (HR) 0.34; 95% confidence interval (CI), 20–0.59;
p=0.000072) [20]. The authors demonstrated, in a preplanned subgroup analy-
sis, that patients with low (0% to 10%) liver involvement and resected primary
tumor benefited most from the treatment (HR, 0.17; 95% CI, 0.08–0.40; and
HR, 0.16; 95% CI, 0.07–0.36, respectively). This prospective trial suggested an
anti-tumor activity of SSAs in patients with well-differentiated midgut tumors.
There is no prospective evidence supporting the anti-tumor activity of SSAs in
pNETs but, in our opinion, the first-line treatment of patients affected by well-
or moderately differentiated, low proliferating pNETs should consist of SSAs
rather then chemotherapy. The Study of Lanreotide Autogel in Non-functioning
Entero-pancreatic Endocrine Tumors (CLARINET) is an ongoing randomized
trial which aims to define this issue. In this study, patients with G1 and G2 non-
functioning pNETs and midgut NETs are randomized to lanreotide autogel (120
mg) monthly or to placebo. The primary endpoint is TTP. The enrolment is
complete and data are expected within the next months.

INFα monotherapy has revealed similar efficacy to SSAs for controlling
symptoms and inducing biochemical responses (80% of patients). Nevertheless,
INFα has a different tolerability profile, with more frequent high-grade toxici-
ty, such as flu-like syndrome, fatigue, weight loss, polyneuropathy, myositis,
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Table 9.4 Chemotherapy in pancreatic neuroendocrine tumors: randomized clinical trials

Regimen Tumor Type N RR % TTP
months

OS
months

Reference

Streptozocin/5FU 
streprozocin/cyfaxan

Mixed 
carcinoid and
pancreas

42
47

33
26

–
–

–
–

Moertel et
al., 1979

Adriamicina/
streprozocin/5FU

Mixed 86
86

21
22

6
7

12
16

Engstrom
et al., 1984

Streptozocin/ doxorubicin vs
streprozocin/5FU

Pancreas only 36
33

69*
45

20*
6.9

26.4*
16.8

Moertel et
al., 1992

Streptozocin/5FU vs
doxorubicina/5FU

Mixed
carcinoid and
pancreas

88
88

16
15.9

5.3
4.5

24.3*
15.7

Sun et al.,
2005

thrombocytopenia, anemia, leukopenia and hepatotoxicity as well as other side
effects [21]. There is evidence that combination therapy (interferon alpha plus
SSAs) does not increase RR but leads to a significantly lower risk of progres-
sion compared with SSAs alone [22].

9.3.2 Chemotherapy

The role of chemotherapy in the treatment of pNET is controversial. Based on
retrospective studies, systemic chemotherapy with cisplatin and etoposide is
the standard of care for poorly differentiated NECs with Ki-67 >20% (Fig. 9.1).
This platinum-based combination provides a high RR, but the prognosis of this
group of patients is poor (median survival, ≈20 months) [23, 24]. The recently
published NORDIC NEC study retrospectively analyzed 305 patients affected
by metastatic GI-NECs or unknown primary tumor with gastrointestinal metas-
tases [25]. In this large retrospective study, patients with Ki-67 <55% were less
responsive to platinum-based chemotherapy but survived longer than patients
with Ki-67 >55%. The authors concluded that Ki-67 <55% represents a favor-
able prognostic factor and a negative predictive factor for the efficacy of plat-
inum-based chemotherapy. Therefore, different from the present WHO classifi-
cation, we should not consider GI-NECs as a single disease.

Several studies suggest that pNETs are responsive to chemotherapy (Tables
9.4 and 9.5). 

Streptozotocin is an alkylating agent that has been studied in combination
with 5-Fluorouracil (5FU) and doxorubicin in well-differentiated NETs.
Notably, randomized trials comparing first-line chemotherapy vs best support-
ive care (BSC) are lacking. In a randomized trial, streptozotocin plus doxoru-
bicin compared with streptozotocin plus 5FU significantly improved the RR
(69% vs 45%), progression-free survival (PFS) (20 months vs 6.9 months) and

*Statistically significant



OS (26 months vs 18 months) [26]. On the basis of these results, streptozotocin
was approved by the US Food and Drug Administration (FDA) for the treat-
ment of pNETs. Nevertheless, the authors of this trial used non-standard crite-
ria for response evaluation, and assessed biochemical response rather than
objective tumor response as defined by Response Evaluation Criteria in Solid
Tumors (RECIST) criteria. Moreover, in two retrospective analyses, streptozo-
tocin plus doxorubicin showed mild anti-tumor activity with a RR of 10% [27,
28]. Dacarbazine monotherapy has been evaluated in a Phase II study enrolling
50 patients with pNETs. In this trial, dacarbazine provided a RR of 34% and OS
of 19.3 months [29]. Nevertheless, due to its toxicity profile, dacarbazine is not
frequently used in the treatment of pNETs. Temozolomide is an alkylating
agent developed as an oral and less toxic alternative to dacarbazine [30]. In a
retrospective analysis, Ekeblad et al. evaluated the efficacy and toxicity of
temozolamide monotherapy in advanced NETs. The RR was 14% and SD was
noted in 53% with a global disease control rate (DCR) of 67% [31]. The medi-
an TTP was 7 months. With respect to RR, 1 patient among the 14 affected by
GI-NETs and 5 patients among the 11 affected by pNETs showed a radiologi-
cal response. This observation supports the fact that well-differentiated pNETs
are more responsive to systemic chemotherapy than NETs arising from the
stomach, small intestine and large intestine. Temozolamide has been studied in
patients affected by advanced NETs in combination with different anti-cancer
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Table 9.5 Chemotherapy in pancreatic neuroendocrine tumors: selected non-randomized trials

Regimen Tumor
Type

N RR 
%

TTP 
mo

OS 
mo

Reference

5FU/doxorubicin/
CDDP

Mixed 74 15 – – Rougier et al.
[56]

Carboplatin Mixed 42 5 – – Saltz et al.
[57]

DTIC/5FU/
epirubicina

Mixed 38 18 5 – Di Bartolomeo 
et al. [58]

5FU/DTIC Mixed 82 24 21 38 Bajetta et al.
[59]

Capecitabine/
oxaliplatin

Mixed 40 28 18 32 Bajetta et al.
[60]

Temozolomide/
thalidomide

Mixed 79 25 13.5 – Kulke et al. 
[32]

Temozolomide Mixed 36 14 7 16 Ekeblad 
et al. [31]

Temozolomide/
capecitabine

Pancreas 30 70 18.0 – Strosberg 
et al. [33]



drugs such as thalidomide, capecitabine and bevacizumab. In a Phase II trial,
41 patients affected by well-differentiated NETs were treated with a temozo-
lamide plus thalidomide combination. In this trial, the authors observed a 45%
RR (including 1 complete response (CR)) among the 11 patients affected by
pNET [32]. The capecitabine and temozolamide combination is also effective
in pNETs. In a single-institution retrospective experience, 30 patients with
unresectable/metastatic pNETs were treated with capecitabine and temozo-
lamide. The authors observed a RR of 59% and a CR in 6% [33]. 

In conclusion, there is no evidence strongly supporting the use of
chemotherapy in well-differentiated pNETs. Streptozotocin is the only drug
approved by FDA for the treatment of this disease, but its toxicity profile and
limited availability inhibit wider use. Based on a retrospective analysis of 30
patients, temozolamide-based regimens are widely used in the treatment of
advanced pNETs. Nevertheless, this evidence should be confirmed in random-
ized Phase III trials.

9.3.3 Targeted Therapy 

Bevacizumab is a monoclonal antibody directed against vascular endothelial
growth factor (VEGF) and has anti-angiogenic activity. Bevacizumab plus cyto-
toxic chemotherapy improves PFS in solid tumors such as colorectal, breast and
non-small-cell lung cancer. Bevacizumab has been evaluated in combination
with temozolamide in 29 patients affected by NETs [34]. In this Phase II study,
RR was observed in 4/17 (24%) patients with pNET and in 0/12 (0%) patients
with well-differentiated GI-NETs. Chemotherapy was inactive in non-pancreat-
ic well-differentiated GI-NETs, even in combination with bevacizumab.

Recently, two pivotal trials led to the FDA approval of everolimus and suni-
tinib in unresectable/metastatic pNETs. Sunitinib is an oral tyrosine kinase
inhibitor (TKI) that targets platelet-derived growth factor receptors (PDGFRs),
vascular endothelial growth factor receptors (VEGFRs), the stem cell factor
receptor (KIT), FMS-like tyrosine kinase-3 (FLT3), the macrophage colony-
stimulating factor receptor (CSF-1R), and the glial cell line-derived neu-
rotrophic factor receptor (RET) [35, 36]. 

Sunitinib is the standard of care in renal cell carcinoma and gastrointestinal
stromal tumors (GISTs) after imatinib failure. Sunitinib was demonstrated to be
active in advanced NETs, including patients with pNET and carcinoids [37]. In
a Phase II study, 107 patients (pNET, n=66; carcinoid, n=41) were treated with
sunitinib (50 mg/day) in a 4-weeks-on and 2-weeks-off regimen. The overall
response rate (ORR) in pNET patients was 16.7%, moreover 68% of patients
had SD, resulting in a DCR of 84.7%. Among carcinoid patients, the ORR was
2.4% with 83% SD. Median TTP was 7.7 months among patients with pNETs
and 10.2 months among carcinoid patients. One-year survival was similar:
81.1% in pNET patients and 83.4% in carcinoid patients [37].

On the basis of these interesting data, the activity of sunitinib has been test-
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ed in a randomized double-blind, placebo-controlled, Phase III trial. In this
study, patients with advanced progressive pNETs were randomized to sunitinib
37.5 mg/day continuous monotherapy vs placebo [38]. A total of 171 patients
were randomized (86 received sunitinib and 85 received placebo). Patients with
progressive disease receiving placebo were allowed to enroll in a separate
open-label sunitinib extension protocol. This Phase III study was discontinued
early in 2009 because an independent Data and Safety Monitoring Board under-
took an unplanned analysis and found a statistically significant difference in
PFS favoring the sunitinib arm [38]. Treatment with sunitinib improved medi-
an PFS by 5.9 months compared with placebo (11.4 months vs 5.5 months),
with an HR of 0.42 (95% CI, 0.26–0.66); p<0.001). The ORR was 9.3% (95%
CI, 3.2–15.4) with sunitinib [37]. Adverse events (AEs) were more frequently
grade 1/2 and manageable. The most common treatment-related grade 3/4 AEs
were neutropenia (12%), hypertension (10%), palmar–plantar erythrodysesthe-
sia (6%), diarrhea (5%), asthenia (5%), abdominal pain (5%), stomatitis (4%)
and thrombocytopenia (4%). 

Mammalian target of rapamycin (mTOR) is a serine/threonine protein
kinase that regulates the growth, proliferation and motility of cells as well as
the transcription and translation of proteins [39]. Mutations in specific tumor
suppressor genes known to regulate the mTOR pathway are associated with an
increased risk of developing pNETs. These regulatory genes include phos-
phatase and tensin homolog (PTEN) [40, 41], the tuberous sclerosis complex 2
gene (TSC2) [42–44] and NF-1 gene [43, 44]. Additionally, patients affected by
pNETs carrying mutated mTOR pathway genes (including PTEN and TSC2)
have worse prognosis than patients with other common mutations [46]. 

Temsirolimus and everolimus are the two mTOR inhibitors tested in the
treatment of NETs. In a Phase II trial, 37 patients with advanced NECs were
treated with temsirolimus. The RR was 5.6% and DCR was 63.9%. Median TTP
was 6 months and 1-year PFS was 40.1%. These data suggest a modest clinical
activity of temsirolimus in NECs [47]. The rapamycin analog everolimus acts by
blocking the signaling pathway downstream of insulin-like growth factor (IGF)-
1, VEGF through mTOR inhibition. These combined actions lead to decrease in
cell proliferation, angiogenesis and glucose uptake [48]. 

In a single-institution experience, Yao et al. reported a RR of 20% and a
median PFS of 60 weeks in 60 NETs patients receiving 5 mg or 10 mg
everolimus in combination with ocreotide LAR 30 mg monthly [49]. Moreover,
the activity of everolimus was studied in the Phase II RAD001 In Advanced
Neuroendocrine Tumors (RADIANT)-1 trial. This study evaluated everolimus
activity in patients with advanced pNETs with progressive disease after
chemotherapy [50]. In this study, 160 patients were treated with everolimus (10
mg daily dose). The study population was stratified as follows: stratum 1 (115
patients) received everolimus monotherapy and stratum 2 (45 patients) received
combination therapy of everolimus plus octreotide LAR. The DCR was 82% vs
77% and the ORR was 9.6% vs 4.4% in the combination therapy stratum vs
monotherapy stratum, respectively. PFS was 9.7 months vs 16.7 months and
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median OS was 24.9 months vs value not yet reached in strata 1 and 2, respec-
tively. The most common AEs of everolimus were stomatitis, rash and diarrhea.
Due to the study design, we cannot assume with strong evidence that the com-
bination therapy of everolimus plus octreotide LAR is superior to everolimus
monotherapy in the treatment of advanced NETs.

RADIANT-3 is a randomized, double-blind, placebo-controlled, Phase III
trial that enrolled 410 patients with progressive, unresectable/metastatic
pNETs. Patients were randomized to receive everolimus 10 mg/day plus BSC
(n=207) or BSC alone (n=203) [51]. Notably, this is the largest trial ever con-
ducted for NETs. The primary endpoint was PFS. Patients randomized to the
placebo group were allowed to crossover to open-label everolimus at disease
progression [52]. Baseline characteristics were well balanced in the two groups.
After a median follow-up of 17 months, treatment with everolimus led to a sta-
tistically significant 6.4-month improvement in median PFS compared with
placebo [52]. Patients reached 11.0 months PFS (95% CI, 8.4–13.9) with
everolimus and 4.6 months PFS (95% CI, 3.1–5.4) with placebo with a HR of
0.35 (95% CI. 0.27–0.45; P<0.001). Confirmed ORR with everolimus was 5%.
Treatment-related AEs of everolimus were more frequently grade 1/2 and man-
ageable. The most common treatment-related grade 3/4 AEs were stomatitis
(7%), anemia (6%), hyperglycemia (5%), and thrombocytopenia (4%) [52]. On
the basis of these impressive data, the FDA and European Medicines Agency
(EMEA) approved everolimus for the treatment of pNETs.

9.3.4 Other Biological Agents

Recently, new agents have been evaluated in clinical trials. AMG 479 is a fully
human monoclonal antibody directed against the insulin-like growth factor
type-I receptor (IGF-IR). Kulke et al. treated 60 patients (30 carcinoid and 30
pNETs) with AMG479 in a Phase II study [53]. There were no objective
responses according to RECIST criteria. Median PFS was 10.5 months for car-
cinoid patients and 4.2 months for pNET patients. The treatment was well tol-
erated; grade 3/4 toxicity consisted of hyperglycemia (4%), neutropenia (4%)
and thrombocytopenia (4%). AMG479 single-agent was not found to result in
major tumor response in patients with low–intermediate-grade carcinoid or
pNETs [53]. 

Pazopanib is an oral TKI of the VEGFR, PDGFR and KIT that has demon-
strated clinical activity in NETs. In the Pazopanib as a Sequencing Treatment
in Progressive Metastatic Neuroendocrine Tumors (PAZONET) Phase II trial,
33 patients with locally advanced or metastatic GI-NETs or pNETs previously
treated with at least one anti-angiogenetic or mTOR inhibitor drug received
pazopanib (800 mg) daily [54]. At 6 months, the clinical benefit rate (CR plus
PR plus SD) was 85%. The clinical benefit rate was 100% in patients with no
previous targeted therapy (7 patients), 89% in subjects with previous mTOR
inhibitor therapy (9 patients), 83% in individuals with previous anti-angiogenic
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treatment (12 patients) and 60% in patients with previous anti-angiogenic and
mTOR inhibitor therapies (5 patients). Median PFS was reached only in the
subgroup of patients previously treated with anti-angiogenic and mTOR
inhibitors (20.6 weeks; 95% CI, 10.4–30.8). More frequent toxicities of any
grade were asthenia (75%), diarrhea (63%) and nausea (42%). The activity of
pazopanib in advanced NETs is promising regardless of previous treatment
with other targeted therapies. Phase III randomized clinical trials are needed to
confirm these data. 

Pertuzumab is a recombinant humanized monoclonal antibody that targets
the extracellular dimerization domain (subdomain II) of the human epidermal
growth factor receptor (HER)2. It blocks ligand-dependent heterodimerization
of HER2 with other HER family members, including EGFR, HER3, and
HER4.�

Firdaus et al. treated 43 patients with well-differentiated NETs in a Phase II
trial with bevacizumab (15 mg/kg) plus pertuzumab (420 mg) after a loading
dose of 840 mg as well as Octreotide LAR (30 mg) every 28 days [55]. The
ORR for carcinoid patients was 15.6% with a median PFS of 8.5 months (95%
CI, 6.3–not applicable). Treatment-related grade-3 toxicities included: hyper-
tension (28%), left ventricular ejection fraction (LVEF) dysfunction (9%;
reversible with trial drug hold) and diarrhea (7%). Grade 4 toxicity was not
reported. Median treatment duration was 38 weeks (range: 0–76 weeks). The
ORR of the combination in carcinoid patients was encouraging and appeared
higher than for historical data. 

BEZ235 is a potent, specific oral mTOR inhibitor (mTORC1 and 2) and
pan-class PI3K inhibitor. Everolimus provides clinical benefit for patients with
pNET but de novo and acquired resistance to this agent has been noted. A
potential mechanism for resis tance tmTOR inhibitors has been identified in
activation of the PI3K/AKT pathway. A trial that evaluates if BEZ235 can over-
come this mechanism of resistance by targeting PI3K and mTORC1 and 2 in
patients with progressive pNET after everolimus treatment is in progress.

9.4 Conclusions

Recently, new agents have been introduced for the medical treatment of pNETs.
These agents, characterized by high activity and favorable tolerability profiles,
improve the outcome of patients with pNETs. 

Patients affected by pNETs should be referred to medical centers with spe-
cific experience in the treatment of these rare tumors and who work in dedicat-
ed multidisciplinary teams. The goal of a multidisciplinary team is to decide a
“treatment strategy” rather than a sequence of single treatments. The therapeu-
tic strategy should be highly individualized based on the different ranges of
tumor burden and symptoms. The best therapeutic approach for each patient
depends on whether the goal of treatment is to slow tumor growth, to reach
resectability (conversion therapy) or to improve symptoms by inhibition of the
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secretion of bioactive agents. In patients with resectable pNETs, resection of
the primary tumor and metastases remains the main (and the only) curative
option. In patients with borderline-resectable disease, the aim of the treatment
is to reduce tumor burden and make resectable the disease. In this case,
chemotherapy provides a better RR. In patients with unresectable disease, the
aim of the treatment is to stabilize the disease as long as possible and, in the
case of functional tumors, to control syndromes by using SSAs, biotherapy, tar-
geted therapies and chemotherapy in the best sequence for each patient.
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10.1 Introduction and Epidemiology

Adrenocortical tumors (ACTs) are common, with an estimated prevalence of
7.3% in autopsy cases [1]. A computed tomography (CT) study reported an over-
all prevalence of 4.4% of adrenal lesions in a population aged >50 years [2]. In
contrast, adrenocortical cancer (ACC) is a rare malignancy with an estimated
incidence of 4–12 per million population and a variable (but generally poor)
prognosis. Women are more often affected than men (ratio 1.5:1) [3]. An excep-
tionally high annual incidence of ACC has been reported for children in southern
Brazil (3.4–4.2 per million children vs an estimated worldwide incidence of 0.3
per million children younger than 15 years) and is related to a mutation in the
TP53 tumor suppressor gene. The age distribution is reported to be bimodal with
a first peak in childhood and a second higher peak in the fourth and fifth decade.

10.2 Pathogenesis and Genetics

10.2.1 Hereditary Tumor Syndromes

ACTs can arise from several hereditary tumor syndromes. The causative genes
in these syndromes have also been found to be involved in the tumorigenesis
of some sporadic ACTs. Table 10.1 summarizes these hereditary tumor syn-
dromes and the gene/chromosomal loci involved.



10.2.1.1 Li–Fraumeni Syndrome (LFS)
LFS is an autosomal dominant familial disease characterized by the early onset
of tumors and multiple tumors in affected individuals. ACCs have been report-
ed to occur in 3–4% of patients with LFS [4]. Seventy percent of LFS cases are
a result of a germline mutation in the TP53 gene [5]. A second variant is caused
by a heterozygous germline mutation in the hCHK2 gene [6].

10.2.1.2 Beckwith–Wiedemann Syndrome (BWS)
BWS is a congenital overgrowth syndrome characterized by exomphalos,
macroglossia, and gigantism in the neonate as well as the development of child-
hood tumors. About 15% of cases with BWS are familial, with the remainder
being sporadic. BWS is linked to the 11p15 chromosomal locus. Genes located
at 11p15 and implicated in the pathogenesis of BWS are the insulin-like growth
factor 2 (IGF2), H19, and cyclin-dependent kinase inhibitor 1C genes [7].

10.2.1.3 Carney Complex (CNC)
CNC is a dominantly inherited syndrome characterized by cardiac, endocrine, cuta-
neous, and neural myxomatous tumors, as well as pigmented lesions of the skin and
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Table 10.1 Hereditary tumor syndromes associated with adrenocortical tumors

Hereditary
Tumor
Syndrome

Manifestation of Tumor

Gene 
(chromosomal locus)

Syndrome Prevalence of ACT

Li–Fraumeni TP53 (17p13), hCHK2
(22q12.1), lq23

Soft tissue sarcoma,
osteosarcoma, breast
cancer, brain tumor,
leukemia, ACC

ACC, 3%

Beckwith–Wiede
mann

IGF2, H19, CDKN1C,
KCNQ1 (11p15)

Exomphalos 
macroglossia, 
gigantism, ACC, 
nephroblastoma, 
hepatoblastoma, 
rhabdomyosarcoma

ACC, 5%

Carney complex PRKAR1A 
(17q23-q24) 2P16

Cardiac, endocrine,
cutaneous and neural
myxomatous tumors,
and pigmented lesions
of the skin and mucosa

PNAD 90–100%

MEN1 MEN1 (11Q13) Parathyroid, pancreatic
islet cell, anterior 
pituitary and ACTs

ACT, 55%; ACC, rare

Congenital 
adrenal

CYP21B (6P21.3) Adrenal hyperplasia,
virilization, salt wasting

ACT, 82%; 
hyperplasia, 
hyperplasia 100%

ACT Adrenocortical tumor, ACC adrenocortical cancer



mucosa [8]. Primary pigmented nodular adrenocortical disease (PPNAD), a main
feature of CNC, is a rare cause of adrenocorticotropic hormone (ACTH)-independ-
ent Cushing’s syndrome, seen usually in children and young adults.

10.2.1.4 Multiple Endocrine Neoplasia 1 (MEN1)
MEN1 is an autosomal dominant syndrome characterized by parathyroid, pan-
creatic islet cell, and anterior pituitary tumors. ACCs have been reported only
rarely with MEN1. The MEN1 gene, located on 11q13, encodes the menin pro-
tein. Although the function of menin is not known, mutations have resulted in
the loss of its function, suggesting that menin has suppressor activities [9].

10.2.1.5 Congenital Adrenal Hyperplasia (CAH)
CAH is an autosomal recessive disorder resulting from an enzyme deficiency
in the cortisol synthesis pathway. Typically, the enzyme 21-hydroxylase, which
is encoded by cytochrome P450, family 21, subfamily B (CYP21B), is defi-
cient. A lack of this enzyme leads to compensatory stimulation of the adrenal
cortex by corticotrophin-releasing hormone and ACTH with consequent adre-
nal hyperplasia and overproduction of cortisol precursors, engendering higher
levels of androgens. Rarely, ACCs have been described in CAH [10].

10.2.2 Genetics of Sporadic ACC (Table 10.2) 

10.2.2.1 TP53 Gene
The TP53 gene is a tumor suppressor gene that is most frequently mutated in
human cancers [11]. The p53 protein is a transcription factor in regulation of
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Table 10.2 Evidence of genes involved in sporadic ACTs 

Gene (Chromosomal Locus) Evidence of Involvement in Sporadic ACTs

TP53 (17p13) Mutation of TP53 in 20–27% of ACCs and 0–6%
of ACAs; 17p13 LOH occurs in ≤87.5% of ACCs
and ≤30% of ACAs

IGF2 (11p15) Overexpression of IGF2 mRNA in ACCs com-
pared with ACAs. 11p15 LOH occurs in ≤83% 
of ACCs and 34% of ACAs

PRKAR1A (17q23-q24) LOH of 17 q23-q24 occurs in 53% of ACCs and
23% of ACAs; mutation of PRKAR1A occurs in
10% of ACAs but not in ACCs

MEN1 (11q13) LOH of 11q13 occurs in 100% of ACCs and 25%
of ACAs; MEN1 mutation occurs in 7% of and
ACAs

GNAS (20q13.2) Mutation of GNAS occurs in ACAs and tumors 
of patients with adrenocorticotropic hormone-
independent macronodular hyperplasia

LOH, loss of heterozigosity



the cell cycle, causing cell-cycle arrest or cell death in response to DNA-dam-
aging agents such as radiation and viruses. TP53 mutation is thought to be a late
event in the evolution of malignant transformation in sporadic ACTs. Mutations
in exons 5– 8 of TP53 have been found in 20–27% of sporadic ACCs and 0–
6% of sporadic adrenocortical adenomas (ACAs).

10.2.2.2 IGF2, p57kip2 (CDKN1C), and H19 Genes
Rearrangements, loss of heterozygosity (LOH; loss of one of two alleles of a
gene), and abnormal imprinting of the 11p15.5 locus result in low p57kip2 and
H19 and elevated IGF2 mRNA expression, and have been reported in sporadic
ACCs. Higher IGF2 expression is associated with a more malignant phenotype,
and over-expression of IGF2 is associated with a higher risk of ACC recur-
rence. Furthermore, LOH of the 11p15 locus has been demonstrated more fre-
quently in ACCs than in ACAs (in 67% of ACCs vs 13% of ACAs) [12].

10.2.2.3 MEN1 Gene
Because LOH of 11q13 occurs in ≈20% of sporadic ACTs, and adrenal tumors
occur in ≤40% of patients from MEN1 kindreds, MEN1 was considered to be a
prime candidate gene in the pathogenesis of these lesions. However, on basis of
other studies, at present it is unlikely that the MEN1 gene plays a prominent
part in the pathogenesis of sporadic ACTs [13].

10.2.2.4 RKAR1A Gene
PRKAR1A is the main mediator of cyclic adenosine monophosphate (cAMP)
signaling. One study found LOH of 17q22–24 (the locus for PRKAR1A) in 23%
of ACAs and 53% of ACCs [14].

10.2.2.5 ACTH–cAMP–PKA Pathway
The binding of ACTH to its receptor (a member of the G protein-coupled recep-
tor family) results in the dissociation of the heterotrimeric Gs, causing the stim-
ulation of adenylate cyclase, which in turn leads to the production of cAMP
from ATP. The ACTH–adenylate cyclase signaling pathway has been implicat-
ed in the pathogenesis of ACTs in many ways. First, activating mutations of
components of the adenylate cyclase pathway have been found in other human
endocrine disorders, including toxic thyroid adenomas and acromegaly.
Second, there is a correlation between circulating ACTH levels and the size of
the adrenal cortex, as seen in patients with CAH or Cushing’s disease [15].

10.2.2.6 Wnt Pathway
The Wnt family comprises a group of highly conserved growth factors with
similar amino-acid sequences, which have roles in developmental and homeo-
static processes. The central event in the canonical Wnt signaling pathway is
accumulation of beta-catenin in the cytoplasm with subsequent translocation
into the nucleus. The Wnt pathway has been implicated in the pathogenesis of
several cancers, particularly in patients with familial adenomatous polyposis
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and in the development of colorectal carcinomas. Because beta-catenin muta-
tions have been found in ACAs and ACCs, it may be an early step in a common
multistep pathogenesis of ACAs and ACCs [16].

10.2.3 Molecular Markers in ACC (Table 10.3) 

Several studies have assessed the use of immunoistochemical (IHC) molecular
markers for discriminating ACCs from ACAs. The markers studied have includ-
ed insulin-like growth factor (IGF)2, Ki-67/MIB1, p53, murine double minute
2, p21, p27, cyclin D1, Bcl-2, topoisomerase II, human epidermal growth fac-
tor receptor 2/neu, E-cadherin, and the retinoblastoma gene product. Many of
these molecular markers, however, lack specificity to achieve discrimination
between ACCs and ACAs.

Combining IGF2 and MIB1 (a mouse monoclonal antibody that recognizes
a formalin-fixation resistant epitope on the cell proliferation-associated antigen
Ki-67), IHC analyses yielded a sensitivity of 100% and a specificity of 95.5%
for differentiating ACCs from ACAs [17].
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Table 10.3 Molecular markers for adrenocortical carcinoma

Marker Feature

IGF2/MIBI1 Yields a sensitivity of 100% and a specificity 
of 95.5% for differentiating ACCs from ACAs

Ki-67/MIB1 Poor sensitivity and specificity

p53 Poor sensitivity and specificity

Murine double minute 2 Poor sensitivity and specificity

p21 Poor sensitivity and specificity

p27 Poor sensitivity and specificity

cyclin D1 Poor sensitivity and specificity

Bcl-2 Poor sensitivity and specificity

Topoisomerase II Poor sensitivity and specificity

Human epidermal growth factor 
receptor 2/neu

Poor sensitivity and specificity

E-cadherin Poor sensitivity and specificity

Retinoblastoma gene product Poor sensitivity and specificity

SF1 (transcription factor) Can distinguish between primary and secondary
ACC

GATA6 (transcription factor) ACTs with a Weiss score of 4–9 are lower than 
the others

VEGF Not yet in clinical use
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Table 10.4 Clinical picture of adrenocortical carcinoma

Non-functioning Clinically silent
Abdominal mass at palpation
Late appearance of

compression signs
signs due to metastases
paraneoplastic signs

Functional Cushing syndrome
Conn syndrome
Virilization (women)
Gynecomastia and impotence (men)
Feminization and early pseudo-puberty (children)

Transcription factors have also been used as possible molecular markers to
differentiate ACCs from ACAs. A member of the nuclear receptor family of
transcription factors, steroidogenic factor 1 (SF1) maps to 9q33.3. IHC analy-
ses with SF1 have not been shown to differentiate between ACCs and ACAs,
but are useful for distinguishing between primary ACC and metastasis from
other sites [18].

GATA6 is from the GATA family of transcription factors, which is charac-
terized by binding to the DNA consensus sequence (A/T)GA T A(A/G). GATA6
has a role in the maturation and differentiation of cells. GATA6 protein expres-
sion has been found to be significantly lower in ACCs than in ACAs upon IHC
anlyses. Accordingly, ACTs with Weiss scores of 4–9 had a significantly lower
GATA6 level than ACTs with Weiss scores of 1–3 [19].

Vascular endothelial growth factor (VEGF) plays a pivotal part in the regu-
lation of normal and tumor angiogenesis. Angiogenesis is critical for tumor
growth and metastasis. VEGF has been found to be increased in most cancers
and is associated with a worse outcome. Serum VEGF levels have also been
assessed in patients with ACCs vs patients with ACAs, and they were not found
to be significantly different between the two groups. VEGF, however, as a
molecular marker for ACC, has not been integrated into clinical practice [20].

In conclusion, progress into the elucidation of the genes and pathways
involved in the pathogenesis of ACC has been slow largely because of the rarity
of this tumor. The TP53, IGF2, H19, p57kip2, and MEN1 genes are involved in
adrenocortical carcinogenesis, as are the ACTH–cAMP–PKA and Wnt pathways.

10.3 Clinical Presentation (Table 10.4) 

ACCs are functional in ≈60% of cases, more commonly in children (85%) than
in adults (15–30%). Unlike ACAs that predominantly secrete cortisol, ACCs
secrete various hormones, including androgens, cortisol, estrogens, and aldos-



terone. In adult patients with functioning tumors, 30% present with Cushing
syndrome, 20% with virilization, and 10–20% with a combination of the two.
Feminization and hyperaldosteronism are much rarer, each accounting for ≈2%
of ACC cases. The rapid onset of Cushing syndrome, often with virilizing fea-
tures, is characteristic of ACCs in adults. Although benign adrenocortical
tumors tend to secrete a single class of steroid, ACCs can secrete various types
contemporarily; co-secretion of cortisol with androgens is a frequent combina-
tion and is highly suggestive of malignancy. In children, ACCs can present with
virilization, Cushing syndrome, feminization, or Conn syndrome.

The rapid development of hypercortisolism influences its clinical pattern:
the main features are profound muscle weakness, skin atrophy, diabetes melli-
tus and hypertension with hypokalemia (due to activation of mineralocorticoid
receptors induced by high levels of cortisol). In patients from the German ACC
Registry, autonomous cortisol secretion, either alone or in combination with
other steroids, was detectable in 60% of cases in whom hormonal analyses had
been unertaken before surgery. However, autonomous cortisol secretion was
not clinically suspected in all of these cases. Hypersecretion of adrenal andro-
gens determines virilization in affected women (Fig. 10.1) with amenorrhea,
hirsutism, acne and baldness. Estrogen-secreting adrenal tumors in males lead
to gynecomastia and testicular atrophy, and are almost invariably malignant. In
children, androgen excess determines incomplete iso-sexual precocious puber-
ty in males and incomplete heterosexual precocious puberty in females. In the
case of estrogen-secreting ACCs, men suffer from impotence, loss of libido,
gynecomastia and testicular atrophy, whereas menstrual disturbances are the
main characteristics in fertile women. In children, estrogen excess determines
sexual precocity (incomplete hetero- or isosexual precocious puberty in males
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Fig. 10.1 Appearance 
of virilization in a female
patient with an 
adrenocortical carcinoma



or females, respectively). Mineralocorticoid-producing ACCs are rare and char-
acterized by hypertension and hypokalemia.

Approximately 65–85% of ACCs in adults are non-functioning, and patients
present with a large mass and symptoms related to mass effect (e.g., abdominal
or flank pain in 55%) or with a palpable mass (40–50%). Only occasionally do
hormonally inactive ACCs present with abdominal discomfort (nausea, vomit-
ing, abdominal fullness) or back pain caused by a mass effect of the large
tumor; patients present with fever, weight loss, and anorexia, and it is a remark-
able feature of non-cortisol-producing ACCs that wellbeing is often little
affected by even a large tumor burden. 

Some ACCs are discovered incidentally (0–25%) and tend to be smaller.
Due to the late presentation of non-functioning tumors, ≈ 30% of ACC cases
present with metastatic disease to the regional and para-aortic lymph nodes,
lung, liver, and bone. [21]. In the Italian survey on adrenal incidentaloma, pain
was significantly associated with ACCs and was not fully explained by large
tumor size per se [22].

A high concentration of dehydroepiandrosterone sulfate (DHEA-S) is anoth-
er clue suggesting ACC, whereas decreased serum DHEA-S concentrations are
suggestive of a benign adenoma. Aldosterone-producing ACCs present with
hypertension and pronounced hypokalemia. However, severe hypokalemia is
more likely caused by grossly elevated cortisol secretion, leading to insufficient
inactivation of renal cortisol by 11-hydroxysteroid dehydrogenase type 2 with
consecutive activation of the mineralocorticoid receptor. In many patients with
a seemingly hormonally inactive ACC, high concentrations of steroid precur-
sors such as androstenedione or 17-hydroxyprogesterone can often be demon-
strated, thereby establishing the adrenocortical origin of the tumor.

10.4 Diagnosis and Differential Diagnosis

10.4.1 Hormonal Workup

Careful endocrine assessment is essential before surgery in ACCs (Table 10.5).
The pattern of hormone secretion may point to the malignant potential of the
lesion (e.g., estradiol in males, high concentration of serum DHEA-S, or secre-
tion of steroid precursors) and may thus affect surgical strategy (open instead
of minimally invasive surgery). In addition, autonomous cortisol secretion by
the tumor is associated with the risk of postoperative adrenal insufficiency. Due
to the variable hypercortisolemia and the rapid development of ACC, the clini-
cal features of Cushing’s syndrome are often incomplete or even absent (atyp-
ical or subclinical Cushing’s syndrome). To establish tumor markers for moni-
toring tumor recurrence, a thorough hormonal workup is essential. Finally, it is
important to exclude a pheochromocytoma before surgery because imaging
often cannot reliably differentiate between ACC and pheochromocytoma.
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Table 10.5 Recommended hormonal evaluation in suspected or proven adrenocortical carcinoma

Cortisol excess (minimum 3 or 4 tests)
Dexamethasone suppression test (1 mg, 23.00 h)
Urinary free cortisol (24-h urine)
Basal cortisol (serum)
Basal ACTH (plasma)

Sexual steroids and steroid precursors
Dehydroepiandrosterone sulfate (DHEAS) (serum)
Androstenedione (serum)
Testosterone (serum)
17-OH-progesterone
17-beta-estradiol (serum, in men and postmenopausal women)

Mineralocorticoid excess
Potasium (serum)
Aldosterone: reinin ratio (only in patients with arterial hypertension and/or hypokalemia)

Exclusion of pheochromocytoma (minimum 1 or 3 tests)
Catecholamine excretion (24-h urine)
Metanephrine excretion (24-h urine)
Meta- and nor-metanephrine (plasma)

10.4.2 Imaging 

10.4.2.1 General Properties
Metastatic disease is definitive of malignancy [23]. However, several imaging
features should increase the suspicion of ACC within an adrenal mass [24]:
tumor diameter >4 cm, irregular tumor margins, central intratumoral necrosis
or hemorrhage, heterogeneous enhancement, invasion into adjacent structures,
venous extension (renal vein or inferior vena cava (IVC)), and calcification.
ACCs are usually large at presentation, ranging from 2 cm to 25 cm (average
size ≈9 cm). Approximately 70% of ACCs are larger than 6 cm. They are bilat-
eral in 2–10% of cases and are slightly more common on the left than on the
right. Tumors are frequently hemorrhagic and necrotic, and may contain small
areas of intracytoplasmic lipid or fatty regions. Using a logistic regression
model, Hussain et al. found tumor size >4 cm and heterogeneous enhancement
to be the most important discriminators of malignancy [25]. The existence of
intracytoplasmic fat in ACCs has been attributed to cortisol and related fatty
precursors in hormonally active tumors. On occasion, pockets of fat may be
seen within the mass, indicating coexistent myelolipomatous tissue. Invasion
into the IVC has been reported in 9–19% of ACC cases at presentation. 

10.4.2.2 CT (Fig. 10.2) 
The typical appearance of ACC on unenhanced CT is of a large, inhomoge-
neous (but well-defined) suprarenal mass that displaces adjacent structures as it
grows [26]. Regions of low attenuation correspond to necrosis pathologically.
After the intravenous administration of contrast material, there is inhomoge-



neous enhancement of the tumor, typically with greater enhancement seen
peripherally and relatively little enhancement seen centrally, because of central
necrosis [27]. Measurement of the attenuation of adrenal lesions on unenhanced
CT is of great value in distinguishing between benign and malignant masses.
Cumulative data obtained for the identification of adrenal adenomas indicate
that ACCs rarely have an attenuation <10 Hounsfield units (HU). The specifici-
ty of this threshold for the identification of benign adenomas is ≈98%. Equally,
ACCs retain intravenous contrast material and have absolute and relative per-
centage washout of <60% and <40%, respectively, 15 min after contrast admin-
istration or <50% and <40%, respectively, at 10 min [28]. Calcification (micro
or coarse) is seen on CT in ≈30% of patients with ACC and is usually central-
ly located (Fig. 10.3). Calcification is rare in adenomas, but is present in ≈10%
of pheochromocytomas [29]. Tumor thrombus extending into the IVC at pres-
entation is not rare and is more frequently seen in right-sided tumors. A tumor
thrombus within a vein is usually well encapsulated and can often be withdrawn
intact from the vein [30]. The cephalad extent of the tumor thrombus can be
identified on contrast-enhanced CT or magnetic resonance imaging (MRI).

CT is also of value in showing the local and distant spread of an ACC.
Preservation of fat planes around the tumor indicates that there is no local inva-
sion. Where there is a paucity of retroperitoneal fat, it may not be possible to
determine if the tumor has invaded adjacent organs. Metastases are frequently
found at presentation: regional and para-aortic lymph nodes (25–46%), lungs
(45–97%), liver (48–96%), and bone (11–33%) are the common sites. Hepatic
metastases tend to be hyper-vascular and are best seen on arterial-phase imag-
ing after intravenous administration of contrast. 
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Fig. 10.2 Contrast CT of a right
adrenocortical carcinoma. In the
arterial phase, an irregularly
oblong mass in the right adrenal
gland is evident (thick black
arrows). The neoplasm has a main
diameter of 5.8 cm, irregular
edges, shares some jagged edges
(thin white arrows), and a finely
irregular structure
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Fig. 10.3 MRI features of adrenal malignancy. This left adrenal neoplasm is big, irregularly
oblong, and dark in this MRI “out of phase” acquisition. It presents a finely irregular structure,
with a “salt and pepper” aspect (arrows) due to necrotic phenomena. All these aspects suggest a
malignant adrenal mass

10.4.2.3 MRI (Fig. 10.3)
ACCs are typically heterogeneous in signal intensity on MRI because of hem-
orrhage and/or necrosis [31]. On T1-weighted imaging, ACCs are typically
isointense or slightly hypointense to normal liver parenchyma. However, high
T1 signal intensity is often seen because of hemorrhage. On T2-weighted
imaging, ACCs are usually hyperintense to liver parenchyma and have a het-
erogeneous texture because of intratumoral cystic regions and hemorrhage
[32]. A functioning ACC can contain small regions of intracytoplasmic lipid,
resulting in small non-uniform areas of loss of signal on chemical shift imag-
ing (<30% of the lesion) [33]. Although similar small non-uniform loss can
occur in lipid-poor adenomas, the significant uniform signal loss seen in lipid-
rich adenomas does not occur. 

The results of early studies suggested that proton MR spectroscopy may be
useful in differentiating adrenal adenomas and pheochromocytomas from adre-
nal metastases and ACCs. Faria et al. looked at the spectral traces obtained
from 60 patients with adrenal masses. Adenomas and pheochromocytomas
could be differentiated from ACCs and metastases using choline:creatine ratios
of >1.20 (92% sensitivity and 96% specificity) and choline:lipid ratios of
>0.38 (92% sensitivity and 90% specificity). ACCs and pheochromocytomas
could be differentiated from adenomas and metastases using a 4.0–4.3
ppm/creatine ratio >1.50 (87% sensitivity and 98% specificity). By combining
these two spectral analyses, they could divide adrenal mass lesions into one of
four distinct groups: adenoma, pheochromocytoma, ACC, or metastasis [34].
Although there were some criticisms of this study, the method appears to offer
potential in helping to distinguish among adrenal mass lesions. 



10.4.2.4 Functional Imaging (Fig. 10.4) 
Fluorodeoxyglucose-positron emission tomography (FDG-PET) can be used to
identify certain malignant adrenal masses by virtue of their increased metabol-
ic activity; however, if FDG uptake is only modest, the likelihood of benign vs
malignant is approximately equal [35]. FDG-PET combined with contrast-
enhanced CT has a sensitivity of 100% and specificity of 87–97% for identify-
ing malignant adrenal masses. The lower specificity is because a small number
of adenomas and other benign lesions mimic malignancy [36]. The novel PET
tracer 11C metomidate (a marker of 11β-hydroxylase) is used as a tracer for
adrenocortical tissue and is taken up by adenomas and ACCs. This marker dif-
ferentiates adrenal cortical lesions from pheochromocytomas and metastases,
which are uptake-negative [37]. However, the most valuable aspect of PET is
its ability to detect distant metastases (one-third of patients with ACCs will
have metastatic disease at presentation).
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Fig. 10.4 FDG-PET (b) and CT-PET (c) of adrenocortical carcinoma. PET of a small left adrenal
incidentaloma is shown. It was iso-dense at CT (a), which is a suspicious criterion of malignan-
cy, so FDG-PET and PET-CT were necessary, even if the mass did not share a dimensional aspect
typical of adrenocortical carcinoma (dimension, ≈3.9 cm). The final diagnosis was a small adreno-
cortical carcinoma at a very early stage (T1 according to the WHO classification)

a b c
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Fig. 10.5 MRI differential diagnosis of adrenocortical adenoma and adrenocortical carcinoma
using the “chemical-shift” method. a A left benign neoplasm sharing a positive chemical shift is
shown. In the “out of phase” sequences, the signal intensity of the neoplasm (white arrows) is typ-
ically lower than that of the spleen, different from what happeoccursn in the “in phase” image (b)
(black arrows), where their grayscale aspect is similar. On the left the mass seems to be darker and
it is therefore more readily recognizable. Reduction of signal intensity >20%, is almost pathogno-
monic of a benign lesion. In c and d, the signal intensity of a bilateral, large adrenal incidentalo-
ma does not significantly change from in phase to out of phase acquisitions. This phenomenon is
called a “negative chemical shift” and suggests an adrenocortical carcinoma

10.4.3 Differential Diagnosis and Distinguishing Features

10.4.3.1 Adenoma 
Adenomas may be diagnosed with a sensitivity of 75–98% and specificity of
92–100% using the characteristics of CT washouts. However, in some cases,
it can be difficult to distinguish benign from malignant lesions. If they meas-
ure 3–4 cm in diameter, the pathologic label of “indeterminate malignant
potential” is often applied, and if they are >4 cm, and the “chemical shift”
imaging is negative (Fig. 10.5) they are generally managed as malignant
lesions [38].

a b
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10.4.3.2 Pheochromocytoma 
Pheochromocytomas may be benign or malignant. Small pheochromocytomas
are usually homogeneous in appearance with a density of 40–50 HU on unen-
hanced CT, whereas larger pheochromocytomas can be inhomogeneous with
areas of hemorrhage and necrosis. There is no correlation between tumor size
and malignancy [39]. On MRI, pheochromocytomas are typically described as
“isointense” or “hyperintense” to liver on T1-weighted imaging and hyperin-
tense to fat on T2-weighted imaging. However, appearances can be variable.
For example, only 11% of pheochromocytomas show “typical” T2 hyperinten-
sity, and pheochromocytomas that are only mildly hyperintense to the spleen
(34%) or those that are heterogeneous on T2 (39%) are more common.
Increasing heterogeneity correlates with increasing amounts of hemorrhage,
necrosis, and fibrosis. After intravenous administration of contrast, pheochro-
mocytomas enhance avidly and have a prolonged washout phase, although
exceptions do exist. Ninety-one percent of pheochromocytomas are function-
ing, and biochemical markers are important in establishing the diagnosis.

Non-functioning pheochromocytomas (9%) pose more of a diagnostic
dilemma. Although many will be differentiated from ACCs using meta-
iodobenzylganidine scintigraphy (MIGB), some non-functioning pheochromo-
cytomas will not be MIBG-avid [40].

10.4.3.3 Lymphoma 
The primary pathologic type that involves the adrenal glands is non-Hodgkin
diffuse large B-cell lymphoma. It is usually bilateral with enlarged adrenal
glands that keep their normal “adeniform” shape [41].

10.4.3.4 Metastases (Fig. 10.6)
Adrenal metastases are found in ≤27% of patients with malignant epithelial
tumors at autopsy. This diagnosis should be considered if bilateral adrenal
lesions are present and there is a known primary malignancy elsewhere or
there is evidence of other metastases. The most common primary site is the
lung [42].

10.4.3.5 Ganglioneuroma
Ganglioneuromas are benign neoplasms arising from the sympathetic ganglia.
In general, they are large solid lesions on CT with homogeneous to mildly het-
erogeneous enhancement after intravenous administration of contrast. On MRI
they are typically hypointense on T1 and heterogeneously hyperintense on T2
depending on the content of their myxoid stroma [43].

10.4.3.6 Infection 
The imaging appearances of infection within the adrenal gland are generally
non-specific and can be seen as soft-tissue masses and cystic changes with or
without calcification. Tuberculosis and histoplasmosis tend to be bilateral but
can be asymmetric and give the appearance of unilateral disease [44].
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10.4.3.7 Neuroblastoma 
Neuroblastomas occur most frequently in children and are rare in the adult pop-
ulation. Calcification is a hallmark of neuroblastoma in children but is rarely
seen in adults. Adults with neuroblastoma tend to show a higher rate of metasta-
tic disease at presentation than children [45].

10.4.4 Pathological Assessment

10.4.4.1 Role of Fine-needle Aspiration Cytology (FNAC)
CT or endoscopic ultrasonographic sonography (EUS)-mediated FNAC is an
accurate and safe method for sampling left adrenal gland masses. In particular,
for patients with lung cancer and an enlarged left adrenal gland, FNA of the left
adrenal gland modifies disease stage and treatment strategy in approximately
half of patients; it is recommended if a cytopathological result positive for
malignancy is likely to change management. No significant procedure-related
complications have been reported. The diagnostic yield of EUS-FNAC ranged
between 76% and 100% in the largest series published, which involved 2,485
patients [46].

Fig. 10.6 FDG-PET and PET-CT of a bilateral, small, left adrenal recurrence in patient with a his-
tory of lung cancer. PET-CT allows one to attribute a malignant nature to the small, left adrenal
neoplasm (b) (black arrow), which had already been identified at CT (a) (white arrow). PET-CT
reconstruction permits identification of a metastasis in the spleen parenchyma (c) (yellow arrow)
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10.4.4.2 Gross Pathology (Fig. 10.7) 
As a rule, malignant tumors are larger than those which are clinically benign,
usually weigh >100 g and appear lobulated owing to fibrous bands subdividing
the tumour irregularly. Larger tumors often invade surrounding tissues and
organs, including the kidney and liver. On cut section, extensive areas of necro-
sis and hemorrhage may be noted. Most ACCs can therefore be assumed to be
malignant at macroscopic examination alone.

10.4.4.3 Microscopic Pathology (Fig. 10.8) 
The pathological diagnosis should be carried out by an experienced patholo-
gist. ACCs have alveolar, trabecular, or solid architectures, and admixtures of
these patterns of growth are common. Foci of myxoid change, pseudoglandu-
lar patterns and spindle cell growth can occasionally be observed, while inva-
sion of the capsule, sinusoids or even large veins is often seen. Necrosis may
be abundant.

Most of the tumor cells are relatively lipid-poor with compact eosinophilic
cytoplasm, though there may be a limited proportion of vacuolated, lipid-rich
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Fig. 10.7 Gross aspect of a surgical specimen of adrenocortical carcinoma. Gross examination of
this adrenal mass demonstrates a large volume (15 cm and ≤200 g), absence of a capsule, and an
irregular internal surface. This is due to hemorrhagic (long arrows) and necrotic zones, together
with cystic areas (short arrows). In the most aggressive neoplasm, it is possible to macroscopical-
ly identify invasion of the middle adrenal veins or renal veins



cells. A minority of adrenal cortical carcinomas are predominantly composed of
oncocytic cells. Nuclear pleomorphism is a constant finding, with occasional
multi-nucleated giant cells. Mitotic rate differs widely, from rare to several
mitoses per high-power field (HPF), with easily recognizable atypical forms.
Nuclear atypia, atypical and frequent mitoses (>5 of 50 HPF), vascular and cap-
sular invasion, and necroses are suggestive of malignancy. In addition, broad
fibrous bands are a characteristic feature separating ACCs from benign tumors. 

Among the various criteria proposed, the one proposed by Weiss (which
requires only histopathological findings) has been most widely employed. The
nine histological criteria are: 
1. Nuclear grade: nuclear grade III and IV based on criteria of Fóhrman;
2. Mitotic rate: greater than 5/50 HPF (×40 objective). According to Weiss,

mitosis was evaluated by counting 10 random HPF in the area of the great-
est numbers of mitotic figures on the five slides with the greatest number of
mitoses. If less than five slides were available for a case, a correspondingly
greater number of fields per slide were used to make 50 HPF;
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Fig. 10.8 Histological aspect of adrenocortical carcinomas. The adrenocortical carcinoma shares
the following microscopic features: hypervascularization (panel a, arrows); cells with a large
amount of eosinophilic cytoplasm (panel a, crosses), which sometimes assumes a vacuolar aspect
(panel b, arrows); a pinocytotic and polymorphic nucleus with prominent nucleoli (panel a, aster-
isk); positive staining for the p53 oncogene in the nucleus (panel c, brown), and for synaptophysin
in the cytoplasm (panel d, arrows)
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3. Atypical mitotic figures: mitosis was regarded as atypical if it definitely
showed an abnormal distribution of chromosomes or an excessive number
of mitotic spindles;

4. Cytoplasm: presence of ≤25% clear or vacuolated cells resembling the nor-
mal zona fasciculate;

5. Diffuse architecture: diffuse architecture was present if greater than one-
third of the tumor formed patternless sheets of cells. Trabecular, columnar,
alveolar or nesting organizations were regarded as non-diffuse patterns;

6. Necrosis was regarded as present if occurring in at least confluent nests of
cells; 

7. Venous invasion: Weiss defined a vein as an “endothelial-lined vessel with
smooth muscle as a component of the wall”;

8. Sinusoid invasion: a sinusoid was defined as an “endothelial-lined vessel in
the adrenal gland with little supportive tissues”;

9. Invasion of tumor capsule was accepted if nests or cords of tumor extended
into or through the capsule, with a corresponding stroma reaction.

Each Weiss criterion was scored 0 if absent and 1 if present. Thus, each
tumor was graded from 0 to 9 to produce a total Weiss score. Tumors with ≤3
of these histological criteria were classified as ACAs; those with ≥4 of these
histological criteria were classified as ACCs. All the slides were reviewed by a
pathologist who was blinded to clinical features and gross findings.

As well as distinguishing ACAs from ACCs, the Weiss system (adopted by
pathologists worldwide) may also supply useful information regarding disease-
free survival, local relapse and distant metastasis. The modification of the
Weiss system accomplished by Aubert et al. has simplified the Weiss criteria.
The diagnostic value of the modified Weiss system for evaluating malignancy
in adrenal cortical neoplasms has been confirmed in a recent study, which also
proved a significant correlation of this scoring system with time of survival in
ACC patients.

In diagnostic practice, IHC analyses are most commonly applied in the dif-
ferential diagnosis of ACCs from renal cell and hepatocellular carcinomas as
well as adrenal medullary and metastatic tumors. Several studies have demon-
strated the value of Ki-67 staining in differentiating benign from malignant
lesions. In addition, Ki-67 expression may be of prognostic relevance because
high expression (10%) has been associated with poor survival. Most ACCs
exhibit a high Ki-67 labelling index with MIB-1 antibody. However, labelling
indeces may overlap with those observed in ACAs and consequently MIB-1
immunoreactivity is of limited value in differentiating between benign and
malignant adrenal cortical tumors. Nevertheless, increased Ki-67 immunoreac-
tivity has been significantly associated with shortened disease-free survival and
death from disease.

Immunoreactivity for alpha-inhibin, as well as for the anti-melan-A anti-
body, is a useful tool for the identification of ACCs. Unlike other epithelial
tumors, ACCs are reported to be from negative to weakly positive for cytoker-
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atin and negative for epithelial membrane antigen (EMA). They also stain neg-
ative for chromogranin A, which is the most reliable marker of adrenal
medullary neoplasms. Other markers such as D11 and chromogranin A are help-
ful to define or exclude the adrenocortical origin of the tumor [47]. Several new
markers (LOH at 17p13, IGF-II overexpression, cyclin E) have been proposed
to separate benign from malignant adrenal lesions. A possible diagnostic algo-
rithm of ACCs, from the occasional evidence of an adrenal incidentaloma, is
shown in Fig. 10.9.

10.4.5 Staging (Table 10.6)

Until 2004, no official tumor/node/metastasis (TNM) classification was avail-
able for ACCs, and different staging systems were used, most often the Sullivan
modification of the Macfarlane system. Accordingly, the new Union for
International Cancer Control (UICC) staging system published by the World
Health Organization (WHO) in 2004 is based on this classification. Stages I and
II describe localized tumors ≤5 cm or ≥5 cm, respectively. Locally invasive
tumors or tumors with regional lymph-node metastases are classified as stage
III, whereas stage IV consists of tumors invading adjacent organs or prsenting
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Fig. 10.9 Diagnostic algorithm for adrenal incidentalomas with malignant potential
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Table 10.6 Staging for adrenocortical carcinoma

Stage TNM Feature

I T1, N0, M0 Diameter <5 cm, within adrenal capsule

II T2, N0, M0 Diameter >5 cm, within adrenal capsule

III T1 pr T2, N1, M0 Within adrenal capsule, with lymphatic 
involvement

T3, N0, M0 Beyond the adrenal capsule, without lymphatic
involvement

IV T3 or T4, N1, M0 Beyond the adrenal capsule or invasion of 
adjacent organs, with lymphatic involvement 

T1, 2, 3, 4 M1 Distant metastases

with distant metastases. However, the prognostic value of the different staging
systems has never been compared directly in a large series of patients. Because
one of the major objectives of staging classifications is to facilitate the exchange
of information between treatment centers, we recommend the use of the new
WHO system until evidence that a modification is needed becomes available.

10.5 Multimodal Treatment

The management of patients with ACCs requires a multidisciplinary approach.
Despite recent advances in terms of adjuvant treatment, including mitotane and
chemotherapy protocols, complete local excision has, until now, been the only
curative treatment. Adjuvant medical therapy or irradiation may also be consid-
ered. Systematic therapies for advanced ACCs are limited. In recurrent disease,
repeat resection can positively affect patient outcome [48].

10.5.1 Surgical Indications and Methods

Resection should be considered for tumors that demonstrate size >4 cm, func-
tionality and specific imaging characteristics. On CT or MRI, ACCs usually
appear heterogeneous, with irregular borders and focal areas of hemorrhage and
necrosis. Most ACCs are >6 cm in diameter. Imaging can also detect local inva-
sion, regional lymph nodes, and metastases.

Complete surgical excision is the only curative treatment for ACCs and
should include the adrenal gland and periadrenal fat. It should be extended (if
required) to include en bloc resection of macroscopically invaded surrounding
tissues: liver, IVC, kidney, pancreas, spleen, stomach and colon. 

The role of lymph-node dissection is not clear. Periadrenal lymph nodes
have been routinely excised by some surgical teams in patients with stage I/II
ACCs, and carried out only in the case of proven invasion (stage III) by other



surgical teams. There is no precise definition of locoregional lymph-node dis-
section in the management of ACCs; moreover, routine lymph-node excision
does not improve oncological outcome. In contrast, there is a general agreement
with respect to the oncological principles of R0 resection en bloc for tumors
large enough for complete excision, without grasping, fragmentation or rupture
of the tumor capsule [49]. 

ACCs (stage I–II) can be treated with curative intent with laparoscopy or
open surgery. For lesions <10–12 cm, an open anterior approach using a unilat-
eral or bilateral subcostal incision is usually recommend because it permits
access to sites of potential invasion and metastatic spread. Laparoscopic
adrenalectomy was done by Gagner in 1992, and rapidly became the “gold stan-
dard” method for the resection of functioning and non-functioning adrenal dis-
ease [50]. With increasing experience, larger tumors have been removed safely
using a laparoscopic approach. The advantages of laparoscopic adrenalectomy
are known and well documented. These benefits have been shown in institu-
tional studies comparing open with laparoscopic adrenalectomy. The role of
laparoscopy in the management of ACCs remains controversial. In recent years,
the potential for the increased risk of local recurrence, peritoneal carcinomato-
sis and port-site seeding after laparoscopic surgery for ACCs has led to strong
recommendations in support of open adrenalectomy. 

More recent and larger comparative series have shown that oncological
outcomes after laparoscopic resection of ACCs are similar to those seen after
open resection for ACCs in stage I–II disease if oncological principles are fol-
lowed and complete R0 local resection is achieved. The authors interpreted
previous reports of poor outcomes with laparoscopy as being due to technical
problems such as non-radical resection, capsule rupture or laparoscopic
adrenalectomy for ACCs undertaken before referral to a tertiary center.
However, surgeons are expanding their indications for metastatic disease to
the adrenal glands and ACC [51]. 

In patients with stage I–II ACCs, laparoscopic adrenalectomy is not inferi-
or to open adrenalectomy in terms of oncological outcome if it is carried out
by experienced surgeons respecting the principles of radical R0 resection.
Conversion to the open approach is recommended in cases if signs of local
invasion are found or the dissection is difficult, and implies the risk of rupture
of the tumor capsule. Open adrenalectomy is essential in cases of preoperative
or intraoperative evidence of invasion into adjacent organs and lymph-node
involvement or distant metastases [52]. Preoperative CT and MRI is important
for indicating the laparoscopic approach. Preservation of fat planes between
the adrenal gland, kidney, aorta and IVC suggests the absence of an extra-
tumoral entity. Stage-III ACCs with radiological evidence of lymph-node
involvement, invasion of surrounding tissues or venous thrombosis are a con-
traindication to laparoscopy. In doubtful cases with signs of local invasion and
if the principles of oncological radical surgery cannot be met, laparoscopic
exploration with eventual conversion to open surgery is possible [53–56].

In conclusion, the results from comparisons of oncological outcomes in
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ACC between open and laparoscopic approaches are equivocal: increased risk
of local recurrence and peritoneal carcinomatosis by the laparoscopic route,
as well as identical results between the two approaches in terms of survival,
and recurrence and peritoneal carcinomatosis. An open approach is recom-
mended in case of local invasion, with a view to achieving an R0 resection.
Laparoscopic resection of ACCs/potentially malignant tumors, which
involves removal of surrounding periadrenal fat and results in an R0 resection
without rupture of the tumor capsule, may be carried out for preoperative and
intraoperative stage I–II ACCs and tumors with diameter <10 cm.

The role of robot-assisted minimally invasive surgery in the treatment of
ACCs is not well established. It was recently shown that robot-assisted adrena-
lectomy, compared with the laparoscopic method, is safe and effective if done in
highly specialized centers. Robot-assisted surgery requires a very long learning
curve, longer operating time, and implies a substantial increase in costs [57]. 

Posterior retroperitoneal adrenalectomy is another minimally invasive
approach. However, it does not seem to be indicated for patients who show
clear signs of malignancy or who have a tumor diameter >8 cm [1].

10.5.2 Percutaneous Ablation

Percutaneous ablation methods such as radiofrequency ablation (RFA), cryoab-
lation, microwave ablation, or chemical ablation with ethanol or acetic acid can
be used in the treatment of adrenal neoplasms. In general, ablation is carried out
under the guidance of ultrasound or CT. 

RFA has been shown to be effective for the short-term local control of ACCs
<5 cm in diameter. RFA is used in the treatment of primary tumors and metasta-
tic lesions which are unresectable, in patients who refuse surgery (even though
this method is feasible) and if surgery is not recommended due to poor physi-
cal status. Percutaneous ablation can also be used in the treatment of function-
al adenomas, pheochromocytomas and adrenal metastases. It is a safe method,
effective, easy to apply and gives immediate results that are quite verifiable by
TC as early as 1 week after treatment. Ablation of adrenal tumors leads to
excessive release of hormones in the blood that can trigger a hypertensive cri-
sis, adverse cardiac events or ischemic stroke. Some authors believe that it is
useful to pretreat patients undergoing ablation with a lytic agent. Other studies
have reported variable outcomes and adverse effects, including bleeding, infec-
tion, and injury to adjacent structures [58].

10.5.3 Management of Hormonal Excess

Hormonal excess causes significant morbidity in patients with advanced ACCs.
Although mitotane reduces steroidogenesis, its slow onset of action often
necessitates the introduction of alternative adrenostatic drugs. Adrenal insuffi-
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ciency is a potentially life-threatening risk of these therapies. Ketoconazole is
an antifungal agent that inhibits multiple adrenal steroidogenic enzymes, and
may also act as a glucocorticoid receptor antagonist. The use of ketoconazole
is limited by hepatotoxicity and gastrointestinal side effects.

10.5.4 Medical Therapy

Adrenal cancer often occurs at the time of diagnosis at an advanced or metasta-
tic stage. Therapies do not provide real benefits, so it is essential to use sys-
temic chemotherapy agents that can offer guarantees, especially in the case of
advanced-stage adrenal cancer and those forms treated surgically with curative
intent that carry a high risk of local recurrence (R1). For many decades,
mitotane has been the principal systemic drug specific for the adrenal cancer
even though it is burdened by poor tolerability, limited efficacy and toxicity.

Mitotane is an isomer of a pesticide. Its toxic actions are directed towards
adrenal cells; it inhibits the synthesis of steroids of the adrenal cortex. After
complete removal of the tumor with curative intent, relapse is observed in a
very high percentage of patients, thereby justifying the use of adjuvant therapy
with mitotane. Use of advanced forms of this drug induces a 5–30% reduction
in tumor mass and, in rare cases, leads to a total regression of the tumor.
Approximately 80% of patients with hormonally active tumors who undergo
mitotane treatment have clinically significant decreases in hormone production.
After radical surgical excision, mitotane can prolong the time interval between
surgery and reappearance of the disease (disease-free survival (DFS)), so it
does not seem to have a real influence on overall survival (OS). Patients taking
mitotane for prolonged periods often suffer from gastrointestinal and neurolog-
ic toxicities, and these side effects (diarrhea, vomiting, depression, ataxia) are
usually the limiting factor in the use of mitotane.

Mitotane treatment is limited to patients with distant metastases and resid-
ual tumors after adrenalectomy. Use of mitotane in conjunction with other
chemotherapeutic agents (cisplatin, etoposide, doxorubicin) has been proposed
for advanced-stage and metastatic ACCs; the results are promising but the role
of these chemotherapeutic agents in patients with ACC remains unresolved.

Recent studies have highlighted that some drugs may have a specific action
towards tumorigenesis, such as inhibition of the IGF1 receptor, epidermal
growth factor receptor (EGFR) and  tyrosine kinase. It seems that the associa-
tion with mitotane may yield promising results.

10.5.5 Radiotherapy (RT)

The efficacy of RT for adrenal tumors is controversial. These neoplasms have
been considered to be radio-resistant for a long time. Many authors have
noticed poor results in patients subject to RT after surgical removal of the adre-
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nal mass due to the proximity of the adrenals to radiosensitive structures. Older
series concluded that ACC was a radio-resistant tumor.

RT has also been used as palliative care treatment; it should be considered
for patients with surgically unresectable disease and in ACC cases associated
with bone metastases. It seems that treatment with ionizing radiation can reduce
the size of metastases and symptoms. RT as an adjuvant therapeutic option has
been described to significantly reduce recurrence rate, thereby suggesting a sig-
nificant therapeutic potential. In particular, RT is recommended if microscopic
tumor residues are detectable after surgery for incomplete removal of the tumor
(R1). These patients exhibit macroscopically visible residual tumors (R2) that
cannot be removed surgically. RT is also suitable if residual tumor dimensions
are not known (RX) and if the risk of recurrence is high. Patients with advanced
disease and those with stage-III tumors with local lymph-node invasion and no
distant metastases may benefit from adjuvant RT. In the case of R0 resection,
the need for RT is assessed individually, and is dependent upon large tumors
(>8 cm), unfavorable histology, and a high risk of relapse (signs of vascular
micro-invasion, intraoperative rupture of the tumor capsule or spillage of
necrotic liquid). Combined treatment based on the association between RT and
cytotoxic drugs, such as mitotane, is under investigation, and is recommended
for patients who undergo R1 and RX resection. For isolated metastatic disease
to the adrenal glands, highly focal RT to the metastatic lesion, without includ-
ing regional lymph nodes, may be an appropriate strategy. Stereotactic body
radiation therapy (SBRT) makes use of CT-based planning to deliver high indi-
vidual doses of radiation with extreme precision [59].

10.5.6 Treatment of Adrenal Metastases

Adrenal metastases are the most common malignant tumors found within the
adrenal gland. Lung carcinoma is the most common adrenal metastases; other
malignances that commonly metastasize to the adrenal gland are breast, kidney
and melanoma. Adrenal metastases usually indicate extensive systemic disease
that is treated with chemotherapy rather than surgery. Isolated adrenal metas-
tases can occur in patients with non-small-lung cancer and colorectal cancer.
Several authors have advocated resection of these lesions to improve survival.
Patients with adrenal metastases are better cared for by a multidisciplinary team,
and PET-CT is the imaging of choice. Adrenal biopsy can be reserved for lesions
without a conclusive imaging diagnosis. Patients with suspected adrenal metas-
tases should be considered for adrenalectomy if control of extra-adrenal disease
has been achieved, or a definitive plan for control is in place, and if metastases
are isolated to the adrenal gland. Laparoscopy is a feasible and oncologically
safe approach in appropriately selected patients. Systemic chemotherapy and/or
RT may be used with real benefit in association with surgery or individually for
the palliative treatment of symptoms. Small adrenal metastases can be treated
with percutaneous ablative methods or with SBRT [60].
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10.5.7 Management of Recurrent or Metastatic ACC

Surgery is an effective treatment of locally advanced adrenal cancer. In centers
with sufficient experience, consideration should be given to resection recur-
rences and metastases because this can be accomplished with limited morbidi-
ty. Patients undergoing complete resection for recurrences and metastatic dis-
ease have a significantly improved median survival. Mitotane, alone or in com-
bination with standard chemotherapy (etoposide, doxorubicin, and cisplatin),
remains the standard treatment for unresectable or metastatic ACC. In many
patients, advanced disease at presentation precludes resection, whereas
chemotherapy is often administered if persistent hormonal excess results in
severe sequelae. Ketoconazole, mitotane, metyrapone, and etomidate may be
used to alleviate hormonal symptoms [61]. The therapeutic algoritm for ACC is
reported in Fig. 10.10.

10.6 Prognosis and Survival

Whereas in older series most patients were diagnosed with advanced disease
(stage IV), recent studies have reported the highest percentage of patients in
stage II; this most likely reflects improved and more widely available imaging
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Fig. 10.10 Therapeutic algorithm for adrenocortical carcinoma. RFA, radiofrequency ablation;
LN, lymph node; ACC, adrenocortical cancer



methods. ACCs are characterized by a poor prognosis, with a mean survival at
5 years from diagnosis ranging from 16% to 38%. The poor prognosis of ACCs
is strictly related to their biological aggressiveness. In fact, ACCs may preco-
ciously metastasize to regional and para-aortic lymph nodes, the lungs, the liver
and bones. Metastases in the contralateral gland as well as bilateral ACC may
be found in 4% of cases. The prognosis is influenced largely by tumor staging
at surgery and certain histopathological features (e.g., high mitotic count).
Longer survival is usually seen in younger patients. Secretion of cortisol and
androgens is often associated with ACCs; probably less than one-third are non-
hypersecretory after careful hormonal investigations. The worse prognosis for
cortisol-secreting ACCs may relate to the morbidity of Cushing syndrome
and/or different tumor biology. The 5-year survival is 60% for stage I, 58% for
stage II, 24% for stage III, and 0% for stage IV [62].
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11.1 Introduction

According to the theory of Hippocrates (460–370 BC), the spleen was a source of
“black bile” and connected to the melancholic Galenic temperament (Fig. 11.1).
In the seventeenth century, Blackmore characterized the spleen as an organ to
which “hypochondrial and hysterical affections” could be attributed. Historically,
the spleen has always been considered to be a locus of conflicting emotions. 

Anecdotal reports of splenic surgery began to emerge in the sixteenth cen-
tury (Zacarello, 1549). Until modern times, however, removal of the spleen
usually resulted in death. Most splenectomies were done in patients who had
undergone penetrating trauma and with the spleen protruding from the wound.
The first elective splenectomy was carried out for portal hypertension in 1826
by Quittenbaum: the patient died. In 1966, Bryant was the first to attempt
splenectomy for leukemia. Over the following 15 years, 14 splenectomies
were attempted as therapy for leukemia: none of the patients survived. By
1877, only 50 splenectomies had ever been undertaken, with a mortality rate
of >70%. In 1908, Johnston reported a mortality of 87.7% in a review of
splenectomy for hematologic disorders [1].

With the increased use of automobiles, in the twentieth century splenecto-
my became more common and the morality rate dropped rapidly. In a 1920
report of the experience with splenectomy of the Mayo Clinic, a mortality rate
of 11% was documented [2]. Nowadays, the largest splenectomy series report-
ed mortality rates of <1%.

Moreover, since the first laparoscopic splenectomy (LS) described by



Delaître in 1991 [3], numerous case series have shown the feasibility of LS for
a large variety of benign and malignant hematologic diseases. Excluding trauma,
benign hematologic diseases are now the most common indication for splenec-
tomy. Splenectomy may be indicated as a diagnostic tool and surgical staging or
for palliation in patients with malignant hematologic disease. Patients with
malignant hematologic diseases are more likely to have massively enlarged
spleens (>1,000 g), resulting in significant discomfort and pain. Splenectomy
can also provide relief to patients with symptomatic splenomegaly.

11.2 Anatomical and Functional Considerations

Consisting of an encapsulated mass of vascular and lymphoid tissue, the
spleen is the largest reticuloendothelial organ in the body. The abdominal sur-
face of the diaphragm separates the spleen from the lower left lung and pleu-
ra and the ninth to eleventh ribs. The visceral surface faces the abdominal cav-
ity and contains gastric, colic, renal, and pancreatic impressions (Fig. 11.2).

11.2.1 Size and Dimensions

Spleen size and weight vary with age and pathologic conditions. The average
adult spleen is 7 cm to 11 cm in length and weighs 150 g (range, 70 g to 250
g). Splenomegaly is described variably and the surgical literature reflects a
lack of consensus. Spleen size is expressed in terms of the maximum interpole
length and is generally classified into three categories: normal size (<11 cm),
moderate splenomegaly (11 cm to 20 cm or >500 g in weight) and severe or
massive splenomegaly (>20 cm or >1,000 g in weight) [4].
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Fig. 11.1 The four temperaments—(from left to right) choleric, melancholic, sanguine and phleg-
matic—on the wall of a house at the corner of Am Dornbusch and Eschersheimer Landstraße in
Dornbusch, Frankfurt am Main, Germany. Artist unknown



11 Hematologic Malignancies of Surgical Interest and Splenic Tumors 173

Fig. 11.2 Three-dimensional drawing of the normal anatomy in the upper abdomen shows the
main splenic artery and its branches. Reproduced from [25] with permission from the Radiological
Society of North America

11.2.2 Anatomical Anomalies

The most common anomaly of splenic embryology is the accessory spleen
(AS). Present in ≤20% of the population, one or more ASs may also occur in
≤30% of patients with hematologic disease. More than 80% of ASs are found
in the region of the splenic hilum and vascular pedicle. Other locations for
ASs (in descending order of frequency) are the gastrocolic ligament, pancreas
tail, greater omentum, greater curve of the stomach, splenocolic ligament,
small and large bowel mesentery, left broad ligament in women, and left sper-
matic cord in men [5]. For these reasons, ASs should always be considered,
even if the hematologic significance of the presence of AS and the impact of
their removal on results are not clear. The role of ASs in failed splenectomy
has been studied extensively, and the prevalence of residual splenic tissue (as
detected by post-splenectomy scintigraphy) reaches ≤48%, even if the effica-
cy of accessory splenectomy varies from 27% to 75% [6].

Surprisingly, also after laparoscopic splenectomy, residual splenic tissue
was noted in 50% of patients, [7] even if it could be related to the surgical



approach. The problem of ASs can be managed by careful videoscopic exam-
ination of the abdominal cavity during splenectomy, whereas the use of preop-
erative imaging methods for the detection of ASs is limited by the insufficient
sensitivity of these methods [8].

11.2.3 Relationship with the Pancreas

The relationship of the pancreas to the spleen also has important clinical impli-
cations. In one cadaveric anatomic series, the tail of the pancreas was demon-
strated to lie within 1 cm of the splenic hilum in 75% of cases and in 30% to
the border with the spleen [9]. Considering that injuries to the pancreatic tail
can cause important postoperative complications such as pancreatitis or pan-
creatic fistulas, the pancreatic tail should be carefully visualized and dissect-
ed from the spleen, avoiding damage by electrocautery or a linear stapler. 

11.2.4 Vascular Considerations

The main arterial blood supply occurs through the splenic artery (the longest
and most tortuous of the three main branches of the celiac artery). The spleen
also receives some of its blood supply from the short gastric vessels that
branch from the left gastroepiploic artery running within the gastrosplenic
ligament. The splenic artery can be characterized by the pattern of its termi-
nal branches. The distributed type of splenic artery is the most common
(70%) and is distinguished by a short trunk with many long branches entering
over three-fourths of the medial surface of the spleen. The less common
magistral type of splenic artery (30%) has a long main trunk dividing near the
hilum into short terminal branches, and these enter over 25% to 30% of the
medial surface of the spleen [10]. Early identification of the type of splenic
blood supply can help the surgeon to estimate how difficult the splenectomy
is likely to be. 

Outside the spleen, the arteries also frequently form transverse anasto-
moses with each other and, as a consequence, attempts to close a splenic-artery
branch by clips or embolization, if undertaken proximal to these anastomosis,
may fail to devascularize the corresponding splenic segment. Before division
of the splenic trunk, it usually gives few small branches (the most important is
the pancreatica magna) to the tail of the pancreas. Occlusion or section of
these branches could result in pancreatitis. The main venous drainage is
through the splenic vein, which joins the superior mesenteric vein behind the
neck of the pancreas to form the portal vein. 
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11.2.5 Spleen Function

The spleen combines the innate and adaptive immune system in a uniquely
organized way. The structure of the spleen enables it to remove older erythro-
cytes from the circulation and leads to the efficient removal of blood-borne
microorganisms and cellular debris. This function, in combination with a high-
ly organized lymphoid compartment, makes the spleen the most important
organ for antibacterial and antifungal immune reactivity [11].

The spleen, which has important hematopoietic functions during early fetal
development (until the fifth month), has no significant hematopoietic function
remaining in adults, but continues to function as a “sophisticated filter”
because of the unique circulatory system and lymphoid organization, and it has
blood-cell monitoring and management functions as well as important immune
functions throughout life. However, under certain pathological conditions
(such as myelodysplasia), the spleen can reacquire its hematopoietic function.

Removal of the spleen results in loss of immunologic and filtering func-
tions. It is well established that, after splenectomy, patients are at a significant-
ly higher risk for overwhelming post-splenectomy nfection (OPSI) with fulmi-
nant bacteremia, pneumonia, or meningitis, as compared with those with nor-
mal splenic function. Asplenic subjects have defective activation of comple-
ment by the alternative pathway, leaving them more susceptible to infection.
Asplenic patients also have a normal response to re-immunization to an anti-
gen first encountered before splenectomy, but do not have an optimal response
to exposure to new antigens, especially if the antigen is administered intra-
venously.

The spleen is a major site of production of opsonins (molecules that target
an antigen for an immune response), properdin (important for initiation of the
alternative pathway of complement activation) and tuftsin (a tetrapeptide that
enhances the phagocytic activity of polymorphonuclear leukocytes and
mononuclear phagocytes). Removal of the spleen results in decreased serum
levels of these factors. As a result, neutrophil function is decreased in asplenic
patients, and the defect appears to be related to the absence of circulating
mediators [12].

For these reasons, it is suggested that splenectomized persons receive the
following vaccinations (ideally before planned splenectomy):
• Pneumococcal polysaccharide vaccine (not before 2 years of age);
• Hemophilus influenzae type B vaccine (especially if not received in child-

hood);
• Meningococcal conjugate vaccine (especially if not received in adole-

scence); 
• Influenza vaccine, every winter (to help prevent getting secondary bacte-

rial infection).
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11.3 Surgical Considerations

11.3.1 Preoperative Evaluation

Currently, we consider all patients evaluated for elective splenectomy to be
potential candidates for laparoscopic splenectomy (Fig. 11.3). Large case
series and non-randomized comparative trials have consistently reported bet-
ter outcomes from laparoscopic splenectomy than from open splenectomy.
Although operating times were longer among patients who underwent LS, the
duration of hospital stay, transfusion requirements, and morbidity and mortal-
ity were reduced [13].

Contraindications to a laparoscopic approach include severe portal hyper-
tension, uncorrectable coagulopathy, severe ascites, and most traumatic
injuries to the spleen. Extreme splenomegaly also remains a relative con-
traindication. 

Because most patients scheduled for splenectomy have a hematologic dis-
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Fig. 11.3 Different surgical approaches
to splenectomy for splenomegaly: 
a laparoscopy, b-c laparotomy

a b

c



order, a multidisciplinary treatment protocol should be adapted to each patient,
in particular about the use of corticosteroids, gamma-globulins, and platelet
transfusion.

Patients undergoing elective splenectomy should be vaccinated preopera-
tively (or within 30–40 days postoperatively) with pneumococcal, meningo-
coccal, and Haemophilus vaccines. Low-molecular-weight heparin (LMWH)
prophylaxis for thromboembolism and antibiotics are administered according
to standard guidelines (and if there are no hematologic contraindications).
Bowel preparation is not routinely necessary. Patients need to be given all the
information about the consequences of the asplenic state.

11.3.2 Massive Splenomegaly

The literature reports that, with sufficient experience, even massive spleens
can be removed safely using minimally invasive methods [14]. In any case,
rather than the absolute size of the spleen, the relationship between the same
and amplitude of the laparoscopic chamber is more important [15]. Knowledge
of anatomy is essential for preparation of the splenic hilum and liberation of
the organ. Moreover, preoperative embolization of the splenic artery and the
hand-assisted method allowed extension of the laparoscopic indications for
massive splenomegaly [16]. In the process of hand-assisted laparoscopic
splenectomy for splenomegaly, tactile senses may help to identify dissection
planes, to define ASs, and to prevent splenic capsular injury by trocars and
instruments. The hand may function as a retractor to hold the stomach, colon
and pancreas moderately while holding the spleen laterally simultaneously.
Furthermore, dissection of the splenic hilum could be easier with the tactile
sense of the hand combined with a laparoscopic dissector in the other hand
even in the setting of a spleen with dense adhesion.

However, because of the larger-sized spleen that narrows the operative
space, exposure is limited and the manipulation difficult, LS becomes more
technically challenging. The hypervascularization and dense adhesion around
the spleen also hampers the procedure. Moreover, once the dissection is com-
pleted, extraction of the giant spleen with a totally laparoscopic approach by
placing into a retrieval bag followed by morcellation can be difficult, and the
procedure time can be longer. LS for splenomegaly has been associated with
longer operating time, more blood loss, and higher intraoperative and postop-
erative complication rates than LS for normal-sized spleens,and with a higher
conversion rate [17].

11.3.3 Extraction of Specimens

Spleens removed by an anterior laparoscopic approach are extracted through
the umbilical trocar site after fragmentation in a plastic bag. It is rarely neces-
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sary to enlarge the incision by >2–3 cm. If the lateral approach is undertaken,
extraction is more readily carried out through one of the ports situated anteri-
orly. This extraction site also requires little or no enlargement. On occasion,
for spleens longer than 20 cm, a Pfannenstiel incision should be made or the
spleen can be readily extracted through the accessory incision used for hand
assistance during hand-assisted laparoscopic surgery.

Special mention should be made for laparoscopic splenectomy in patients
with malignant disease. If lymphoma (Hodgking or non-Hodgkin) is suspect-
ed, neither preoperative splenic artery embolization nor spleen fragmentation
should be performed, for avoid compromising the histological diagnosis. In
practice, however, the histological diagnosis was made preoperatively in the
majority of the patients, then this measure may not be necessary.

11.3.4 Percutaneous Image-guided Biopsies

Historically, image-guided percutaneous biopsy of the spleen has been
approached with trepidation by radiologists because of concerns regarding
accessibility and the risk of hemorrhage. This reluctance may be related to an
early report of a high rate of major complications (13%) for percutaneous
biopsy of the spleen performed with a 14-G needle [18]. Several more recent
studies have reported much lower complication rates with smaller needle
diameters (≤18 G gauge), similar to that reported for kidney or liver biopsies
[19]. Diseases that commonly affect the spleen can pose a diagnostic challenge
to the clinician, radiologist, and pathologist. The reported diagnostic accuracy
of splenic biopsy varies, ranging between 84% and 90% [20].

For cases in which the spleen is the only abnormal or most accessible
organ for biopsy and a tissue diagnosis is required, the use of image-guided
percutaneous biopsy of the spleen could be considered a safe alternative to
splenectomy with a high overall diagnostic accuracy (but only in experi-
enced hands) [21].

11.3.5 Preoperative Embolization of the Splenic Artery

Preoperative embolization of the splenic artery can reduce the operating time
and decrease intraoperative blood loss when compared with laparoscopic or
open splenectomy alone [22]. However, besides higher costs, radiation exposure
for the patient and the unavailability of the procedure in each hospital, there are
other problems related to the angiographic embolization, in particular the high-
er risk of portal-vein thrombosis (≈15%) and the pain related to ischemic dam-
age [23]. In fact, ≈45% of patients report some degree of pain [24].

As the use of splenic arterial interventions increases in interventional radi-
ology practice, clinicians must be familiar with splenic vascular anatomy, the
indications and contraindications for carrying out interventional procedures,
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the technical considerations involved, and the potential use of other interven-
tional procedures (such as radiofrequency ablation) in combination with
splenic arterial interventions. Familiarity with the complications that may
result from these interventional procedures, including abscess formation and
pancreatitis, is also important [25].

11.4 Splenectomy for Benign Hematologic Disorders

Splenectomy continues to find common therapeutic indications for hematolog-
ic disorders in which the spleen has a pathologic role (Table 11.1).
Hematologic disorders can be categorized by various criteria, including the
origin of the disorder (splenic, peripheral blood cell, bone marrow, genetic) or
cell-line abnormality (platelets, red blood cells (RBCs), white blood cells
(WBCs), and bone marrow). Therapeutic splenectomy rarely cures the under-
lying hematologic disease but, in many of these disorders, splenectomy can
significantly improve the pathologic effects of splenic sequestration and
symptomatic splenomegaly, can correct the hematologic abnormality, and can
aid in the diagnosis and staging. Removal of the spleen can play an important
part in reducing the morbidity of hematologic conditions [26, 27].

11.4.1 Idiopathic Thrombocytopenic Purpura (ITP)

ITP is the most common indication for elective splenectomy. It is an acquired
disorder characterized by splenic production of immunoglobulin (Ig)G that
induces splenic sequestration and the destruction of platelets. The hallmarks of
this condition are low platelet levels, ecchymoses, purpura, petechiae, and
abnormal bleeding. 

The management of childhood ITP is different from that for adults, partic-
ularly with regard to the role of splenectomy. The condition is often self-lim-
iting in children, with >70% of cases resolving spontaneously. Splenectomy
for children is rarely indicated. It is reserved for the rare case of severe, symp-
tomatic thrombocytopenia of >1 year duration that is refractory to medical
management (including corticosteroids and intravenous infusion of
immunoglobulin (IVIG)). 

In adults, the thrombocytopenia associated with ITP is usually more severe
and requires medical and surgical intervention. In general, splenectomy is
indicated in adults with ITP if the patient does not improve after 8 weeks of
corticosteroid therapy or if the thrombocytopenia recurs after the suspension
of medical treatment. Intracranial hemorrhage is an indication for emergency
IVIG and splenectomy. 

The spleen is often not enlarged in ITP, making laparoscopic splenectomy
an attractive option for these patients. Because the splenic tissue is the source
of the disorder, a key component of the surgcial strategy is thorough inspec-
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Table 11.1 Indication and response to splenectomy in hematologic diseases

Disease/Condition Indications for Splenectomy Response to Splenectomy

Benign Diseases

Idiopathic thrombocytopenic Failure of medical therapy, 75–85% rate of long-term
purpura recurrent disease response

Thrombotic thrombocytopenic Excessive plasma exchange 40% curative rate
purpura requirement

Hereditary spherocytosis Hemolytic anemia, recurrent Improves or eliminates
transfusions, intractable anemia
leg ulcers

Pyruvate kinase deficiency Only in severe cases, recurrent Decreased transfusion
transfusions requirement, palliative only

G6PD deficiency None —

Warm-antibody autoimmune Failure of medical 60–80% response rate, 
hemolytic anemia (corticosteroid) therapy recurrences common

Sickle cell disease History of acute sequestration Palliative, variable response
crisis, splenic symptoms
or infarction 

Thalassemia Excessive transfusion Diminished transfusion
requirements, requirements, relief of 
symptomatic splenomegaly symptoms
or infarction

Felty’s syndrome Neutropenia 80% durable response rate

Gaucher’s disease Hypersplenism Improves cytopenias; does not 
correct underlying disease

Niemann–Pick disease Symptomatic splenomegaly Improves symptoms; does not 
correct underlying disease

Amyloidosis Symptomatic splenomegaly Improves symptoms; does not 
correct underlying disease

Sarcoidosis Hypersplenism or symptomatic Improves symptoms and 
splenomegaly cytopenias; does not correct 

underlying disease

Malignant Diseases

Non-Hodgkin’s lymphoma Cytopenias, symptomatic Improved complete blood 
splenomegaly count values, relief 

of symptoms

Hodgkin’s disease Surgical staging in select cases —

Chronic lymphocytic Hypersplenism or symptomatic Improves symptoms and 
leukemia splenomegaly cytopenias 

(60–70% response rate)

Hairy cell leukemia Cytopenias and symptomatic 40–70% response rate
splenomegaly

Acute myeloid leukemia Intolerable symptomatic Relief of abdominal pain and 
splenomegaly early satiety

Chronic myeloid leukemia Symptomatic splenomegaly Relief of abdominal pain and 
early satiety



tion of the abdomen for ASs. In patients who have recurrent symptoms after
splenectomy, a 99mTc-labeled RBC or 111In-labeled platelet scan can be
employed to identify the location of the AS and facilitate resection, with
removal of the remnant AS typically associated with ITP cure.

Splenectomy results in surgical cure of 75% to 85% of patients with ITP.
Petechiae, ecchymosis, and significant bleeding are uncommon even in the
remaining 15% to 25% with persistent post-splenectomy thrombocytopenia.

11.4.2 Thrombotic Thrombocytopenic Purpura (TTP) 

Is a severe disorder characterized by thrombocytopenia, purpura, fever, micro-
angiopathic hemolytic anemia, neurologic deficits, and renal dysfunction
(hematuria or renal failure). Abnormal clumping of platelets occurs in arteri-
oles and capillaries, reducing the lumen of these vessels and predisposing the
patient to microvascular thrombotic episodes. The reduced lumen size also
causes shearing stresses on erythrocytes, which leads to deformed RBCs being
subject to hemolysis. Hemolysis may be due in part to sequestration and
destruction of erythrocytes in the spleen. 

Plasmapheresis is the first-line therapy for TTP. Mortality is >60% for
patients who do not respond to plasmapheresis. Platelet administration in TTP
patients is typically avoided because their administration has been associated
with clinical deterioration. Splenectomy has a key role for patients who expe-
rience relapse or who require multiple plasma exchanges to control symptoms,
and generally is well tolerated without significant morbidity, coupled with
high-dose corticosteroids [28]. Unfortunately there is only a 40% cure rate
with splenectomy for TTP.

11.4.3 Disorders in the RBC Membrane

11.4.3.1 Hereditary Spherocytosis (HS) 
HS is the most common congenital anemia for which splenectomy is carried
out. Lack of spectrin protein in erythrocyte membranes leads to loss of surface
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Myelofibrosis (AMM) Severe symptomatic 76% clinical response at 
splenomegaly 1 year, high risk of 

hemorrhagic, thrombotic, and 
infectious complications (26%)

Essential thrombocythemia and Only for advanced disease Relief of abdominal pain and 
polycytemia vera with severe symptomatic early satiety

splenomegaly

Table 11.1 (continued)



area of the RBC membrane and causes the characteristic shape of HS RBCs,
called “spherocytes”. These abnormal RBCs are less deformable and have
increased osmotic fragility, and therefore cannot easily pass through the
splenic pulp and have an increased tendency to be sequestered and destroyed
within the spleen. Patients present with anemia, jaundice, and splenomegaly.
The splenomegaly develops from the first year of age. By the age of 5 years,
many patients with HS have pigmented gallstones. Pigmented gallstones are
present in 30% to 60% of HS patients. The diagnosis is made by identification
of spherocytes on the peripheral blood smear, an increased reticulocyte count,
increased osmotic fragility, and a negative Coombs’ test. Although the sphero-
cytes persist, splenectomy decreases the rate of hemolysis and usually leads to
resolution of the anemia. Removal of the gallbladder in the same procedure is
warranted if the patient has developed gallstones. If possible, the surgeon
should try to delay splenectomy until the patient is 4 years old to reduce the
risk of overwhelming post-splenectomy infection (OPSI). 

Other anemias associated with erythrocyte structural abnormalities include
hereditary elliptocytosis, hereditary pyropoikilocytosis, hereditary xerocyto-
sis, and hereditary hydrocytosis. All of these conditions result in abnormalities
of the erythrocyte cellular membrane and increased destruction of RBCs. The
severity of the anemia is extremely variable, and usually of limited clinical
significance in which splenectomy is not indicated. Splenectomy is indicated
only for severe hemolytic anemia and can be curative.

11.4.4 Enzyme Deficiencies in RBCs

Enzyme deficiencies in RBCs associated with hemolytic anemia may be clas-
sified into two groups: (i) deficiencies of enzymes involved in glycolytic path-
ways, such as pyruvate kinase (PK) deficiency, and (ii) deficiencies of
enzymes needed to maintain a high ratio of reduced to oxidized glutathione in
the RBC, protecting it from oxidative damage, such as glucose-6-phosphate
dehydrogenase (G6PD) deficiency.

The most common RBC enzyme deficiency that causes congenital chronic
hemolytic anemia is PK deficiency. It is an autosomal recessive condition and
its pathophysiology is not clear. Manifestations of the disease vary widely,
from transfusion-dependent severe anemia in early childhood to well-compen-
sated mild anemia in adolescents or adults. The diagnosis is made by a screen-
ing test or by detection of specific mutations at the complementary DNA or
genomic level. Splenomegaly is common and, in severe cases, splenectomy
can alleviate transfusion requirements.

The most common RBC enzyme deficiency overall is G6PD deficiency (X-
linked). Manifestations—chronic hemolytic anemia, acute intermittent
hemolytic episodes, or no hemolysis—depend on the variant of G6PD defi-
ciency. The mainstay of therapy is avoidance of drugs known to precipitate
hemolysis in patients with G6PD deficiency. Transfusions are given in cases
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of symptomatic anemia. Splenectomy is not indicated in most patients affect-
ed by this disease.

11.4.5 Hereditary Hemolytic Anemias

11.4.5.1 Thalassemias
Thalassemias are inherited disorders of hemoglobin synthesis prevalent among
people of Mediterranean extraction and classified according to the hemoglobin
chain affected. Most forms of this disorder are inherited in a Mendelian auto-
somal recessive fashion from asymptomatic carrier parents. The RBCs have
intracellular precipitation of excess altered globin chains. These intracellular
precipitates lead to the premature destruction of RBCs when they are filtered
in the spleen. There are several subtypes, determined on the basis of which
globin chain is defective (α, β, γ, or δ). Individuals who are homozygous (tha-
lassemia major) have a more severe presentation, whereas the heterozygous
patients (thalassemia minor) can be asymptomatic. Signs of thalassemia major
include growth retardation, pallor, ulcers in the extremities, gallstones, bone
abnormalities (enlargement of the head), and splenomegaly. Individuals with
thalassemia major benefit from splenectomy if they require frequent transfu-
sions (>1 per month), suffer from severe pain caused by splenic infarct, or
have severe thrombocytopenia (<20,000 platelets/mm3).

11.4.5.2 Sickle Cell Anemia
Sickle cell anemia is a hereditary autosomal recessive (with overdominance)
hemolytic anemia caused by a single amino-acid substitution on the beta chain
of the hemoglobin molecule. It is characterized by RBCs that assume an
abnormal, rigid, “sickle” shape. The altered hemoglobin molecule is called
hemoglobin S (Hb-S). Because the RBCs are less flexible, they tend to cause
infarcts in the microvasculature and be related to severe pain. Although it is
rare for subjects with sickle cell anemia to require splenectomy, splenic
abscess or acute sequestration may be indications. In most patients, subse-
quent infarction of the spleen and autosplenectomy can occur [29]. Splenic
abscess may complicate splenic infarction, making splenectomy beneficial.
Splenectomy does not affect sickling, but elective splenectomy is a considera-
tion after one major acute splenic sequestration crisis to avoid the 40–50%
probability of subsequent acute sequestration crises, which can be associated
with mortality ≤20%. The prevalence of acute sequestrations in patients with
sickle cell anemia is ≈5%, with ≈3% requiring splenectomy. Key perioperative
management principles for subjects with sickle cell anemia include adequate
hydration and avoidance of hypothermia.

11.4.5.3 Autoimmune Hemolytic Anemias (AIHAs)
AIHAs are characterized by the destruction of RBCs caused by autoantibod-
ies. AIHAs are classified as primary or secondary depending on whether an
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underlying cause (such as a disease or toxin) is identified. AIHAs can also be
divided into “warm” and “cold” categories based on the temperature at which
the autoantibodies exert their effect. In cold-agglutinin disease, severe symp-
toms are uncommon and splenectomy is almost never indicated. However,
warm-antibody AIHA has clinical consequences with which the surgeon
should be familiar. Warm-antibody AIHA, although occurring primarily in
middle age, can affect individuals at all ages. The disorder is more common
among women, and half of warm-antibody AIHA cases are idiopathic.
Presentation may be acute or gradual. Findings include mild jaundice and the
symptoms and signs of anemia. One-third to one-half of patients present with
splenomegaly. Treatment of AIHA depends on disease severity and whether it
is primary or secondary. Severe symptomatic anemia demands prompt atten-
tion, often requiring RBC transfusion. The mainstay of treatment for primary
and secondary forms of symptomatic, unstable AIHA is corticosteroids.
Favorable responses to splenectomy have been reported in patients with warm-
antibody AIHA (≤80%). Unfortunately, transient responses are more common,
and many patients could experience new episodes of hemolysis despite
splenectomy. The decision regarding splenectomy in the case of AIHA should
be individualized based on careful consideration of the clinical history and
frank discussion with the patient.

11.4.6 Other Conditions

Felty’s syndrome (autoimmune neutropenia) is an uncommon disorder that
includes splenomegaly, neutropenia, and rheumatoid arthritis. Subjects with
Felty's syndrome can also have thrombocytopenia and anemia. All of these
conditions leave patients vulnerable to aggressive infections. Corticosteroids
are the main treatment. Splenectomy can be helpful in correcting the neutrope-
nia. In some cases, the neutropenia persists despite splenectomy, but the neu-
trophil response to infectious agents is improved. Frequent need for transfu-
sion (>1 per month), thrombocytopenia, and recurrent infections are also indi-
cations for splenectomy. 

Gaucher’s disease is a familial disorder in which abnormal storage of glycolipid
cerebrosides into reticuloendothelial cells occurs. As a result, it is associated with
splenomegaly and lymph-node enlargement. Although splenectomy does not alter
the course of Gaucher's disease, it is the procedure of choice if there are signs of
hypersplenism (thrombocytopenia that may be associated with anemia and neu-
tropenia). After splenectomy, the thrombocytopenia improves. 

Sarcoidosis: Approximately one-quarter of patients with sarcoidosis have
granulomatous involvement of the spleen, causing splenomegaly. Of these
patients, 20% have hypersplenism in which the enlarged spleen is hyperactive,
resulting in thrombocytopenia. This low platelet count generally improves
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after splenectomy. These patients can also have anemia, neutropenia, and
spontaneous splenic rupture. Because of the splenomegaly and hypersplenism,
the role of laparoscopic splenectomy for these patients is selective.

11.5 Splenectomy for Malignant Hematologic Disorders

The role of splenectomy in patients with malignant hematologic disorders
varies. As for the myelogenous diseases, splenectomy for WBC disorders can
be effective for symptomatic splenomegaly and hypersplenism, improving
some clinical parameters but generally not altering the course of the underly-
ing disease. Historically, splenectomy has had a role during the surgical stag-
ing for Hodgkin’s disease, although this practice has become less common
with the advent of advanced imaging technologies and less extensive biopsy
strategies [30]. Careful consideration of the intended benefits of splenectomy
must be weighed against the significant perioperative and post-splenectomy
risks in this often complex patient population.

11.5.1 Hodgkin's Disease (HD)

HD is a malignant lymphoma that typically affects young adults in their twen-
ties and thrities. Most patients have asymptomatic lymphadenopathy at the
time of diagnosis, and most present with cervical node enlargement. More than
90% of patients with HD present with lymphadenopathy above the diaphragm.
A few patients (usually with more advanced disease) may present with consti-
tutional symptoms such as night sweats, weight loss, and pruritus.
Lymphadenopathy below the diaphragm is rare upon presentation, but can
arise with disease progression. The spleen is often an occult site of spread, but
massive splenomegaly is not common. In addition, large spleens do not neces-
sarily signify involvement.

The histologic type, along with location of disease and symptomatology,
influence survival for patients with HD. HD can be classified histologically as:
lymphocyte predominance type, nodular sclerosis type, mixed cellularity type,
and lymphocyte depletion type. The disease is pathologically staged according
to the Ann Arbor classification (Table 11.2).

Stage-I disease is limited to one anatomic region. Stage-II disease is
defined by two or more contiguous or non-contiguous regions on the same side
of the diaphragm. Stage-III disease involves disease on both sides of the
diaphragm, but limited to lymph nodes, spleen, and Waldeyer’s ring (the ring
of lymphoid tissue formed by the lingual, palatine, and nasopharyngeal ton-
sils). Stage-IV disease includes involvement of the bone marrow, lung, liver,
skin, gastrointestinal tract, or any organ or tissue other than the lymph nodes
or Waldeyer’s ring.

Historically, staging laparotomy including splenectomy provided essential
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pathologic staging information that was necessary to select appropriate thera-
py for HD. Staging laparotomy for HD is less commonly undertaken in the
current era of minimally invasive surgery and advanced imaging methods. The
improved non-surgical staging, along with the use of less toxic systemic
chemotherapeutics for earlier stages of HD, has led to a dramatic decrease in
the number of patients requiring staging laparotomy. Indications for surgical
staging are clinical stage-I or -II disease of the nodular sclerosing type and no
symptoms referable to HD. The surgical staging procedures for HD are liver
biopsy, splenectomy, and the removal of representative nodes in the retroperi-
toneum, mesentery, and hepatoduodenal ligament. In general, an iliac marrow
biopsy is included. Some studies have concluded that surgical staging has
altered clinical staging in as many as 42% of cases [31].

11.5.2 Non-Hodgkin’s Disease

Non-Hodgkin’s lymphoma (NHL) encompasses all malignancies derived from
the lymphoid system except classic HD. A proliferation of any one of the three
predominant lymph cell types—natural killer cells, T cells, or B cells—may be
included in the category of NHL. The subentities of NHL may be classified
into nodal or extranodal, as well as indolent, aggressive, and very aggressive
groups. Splenomegaly or hypersplenism is a common occurrence during NHL.
Splenectomy is indicated for patients with NHL for treatment of massive
splenomegaly when the bulk of the spleen contributes to abdominal pain, full-
ness, and early satiety. Splenectomy may also be effective in the treatment of
patients who develop hypersplenism with associated anemia, thrombocytope-
nia, and neutropenia [32].

Splenectomy occasionally plays an important part in the diagnosis and
staging of patients who present with isolated splenic disease. The most com-
mon primary splenic neoplasm is NHL. The spleen is involved in 50% to 80%
of NHL patients, but <1% of patients present with splenomegaly without
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Table 11.2 Ann Arbor staging system for Hodgkin’s lymphoma

Stage Description

I Single lymphatic site

II Lymphatic disease on the same side of the diaphragm

III Lymphatic disease on both sides of the diaphragm

IV Multiple extranodal sites (liver, lung, bone marrow)

X Bulk >10 cm

E Single or contiguous extralymphatic involvement

A/B Absence/presence of constitutional symptoms (weight loss >10%, fever, drenching
night sweats)

S Splenic involvement



peripheral lymphadenopathy [33]. 
Disease that appears clinically confined to the spleen has been called

“malignant lymphoma with prominent splenic involvement”. Most affected
patients have low-grade NHL. There is frequent involvement of the splenic
hilar lymph nodes, extrahilar nodes, bone marrow, and liver in these patients.
About 75% exhibit clinical evidence of hypersplenism. 

One of the most common indications for splenectomy in NHL is the palli-
ation of symptoms, such as pain in the left upper quadrant, early satiety, weak-
ness and fatigue that accompany the marked splenomegaly often seen in this
disease. Another common indication for splenectomy is for the treatment of
cytopenias resulting from hypersplenism. Data from most series indicate that
splenectomy is successful in relieving anemia, thrombocytopenia or leukope-
nia in 50% to 94% of cases. Response rates appear to be best if splenectomy
is carried out before the spleen becomes massively enlarged or before the
patient experiences severe or life-threatening symptoms from cytopenia or
from the progression of lymphomatous process.

Residual splenomegaly in a patient who has otherwise successfully
responded in other sites after chemotherapy for lymphoma is another reason
for carrying out a splenectomy. In these cases, the procedure may be done for
diagnostic and therapeutic reasons; it can determine if the splenomegaly is due
to persistent lymphoma and, should this be true, it can potentially eliminate the
focus of residual disease.

Splenectomy can also be indicated in autoimmune cytopenias (in corticos-
teroid-refractory cases) and in splenic marginal zone lymphoma (for diagnosis
and treatment) as reported in the National Comprehensive Cancer Network
(NCCN) Guidelines for Non-Hodgkin Lymphoma (version 3.2012) [34].

11.5.3 Hairy Cell Leukemia (HCL)

HCL is an uncommon blood disorder, representing only 2% of all adult
leukemias. HCL is characterized by splenomegaly, pancytopenia, and large
numbers of abnormal lymphocytes in the peripheral blood and bone marrow.
These lymphocytes contain irregular hair-like cytoplasmic projections identi-
fiable on the peripheral smear. Patients are usually elderly males with palpa-
ble splenomegaly. Many HCL patients have few symptoms and require no spe-
cific therapy. Splenectomy does not correct the underlying disorder but does
return cell counts to normal in 40–70% of patients and alleviates the symptoms
of splenomegaly [35]. Even if chemotherapy has replaced the role of splenec-
tomy, it is indicated for some patients with massive enlargement of the spleen
or with evidence of hypersplenism refractory to medical therapy. The respons-
es to splenectomy usually last for ≥10 years, and about half of patients require
no further therapy. 
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11.5.4 Chronic Lymphocytic Leukemia (CLL)

CLL is a B-cell leukemia characterized by the progressive accumulation of rel-
atively mature (but functionally incompetent) lymphocytes. CLL occurs more
frequently in men and usually occurs after 50 years of age. Symptoms of CLL
are non-specific and include weakness, fatigue, fever without illness, night
sweats, and frequent bacterial and viral infections. The most frequent finding
is lymphadenopathy.

The role of splenectomy in the treatment of CLL continues to be for palli-
ation of symptomatic splenomegaly and for treatment of cytopenia related to
hypersplenism. Relief of bulk symptoms from splenomegaly is nearly always
successful, whereas the hematologic response rates for correction of anemia
and thrombocytopenia are between 60% and 70% [36].

11.5.5 Chronic Myelogenous Leukemia (CML)

CML is a myeloproliferative disorder that results from neoplastic transforma-
tion of myeloid elements. Ninety percent of patients with CML have the char-
acteristic Philadelphia chromosome—a reciprocal translation between chro-
mosomes 9 and 22 that results in the expression of an abnormal chimeric onco-
genic protein called p210bcr-abl. The disease is characterized by progressive
replacement of the normal diploid elements of the bone marrow with mature-
appearing neoplastic myeloid cells. CML may occur from childhood to old
age. CML usually presents with an indolent or chronic phase that is asympto-
matic. Progression to the accelerated phase is marked by the onset of symp-
toms such as fever, night sweats, and progressive splenomegaly. However, this
phase may also be asymptomatic and detectable only from changes in the
peripheral blood or bone marrow. The accelerated phase may give rise to the
blastic phase, which is characterized by the symptoms stated above as well as
anemia, infectious complications, and bleeding. Splenomegaly with splenic
sequestration of blood elements often contributes to these symptoms.
Treatment of CML is primarily medical (even if symptomatic splenomegaly is
present) and may be palliated effectively by splenectomy. 

11.5.6 Myelofibrosis

The term “myelofibrosis” may be used to describe the generic condition of
fibrosis of the bone marrow (which may be associated with several benign and
malignant disorders) or a specific, chronic, malignant hematologic disease asso-
ciated with splenomegaly, RBC and WBC progenitors in the bloodstream, mar-
row fibrosis, and extramedullary hematopoiesis, otherwise known as “agnogenic
myeloid metaplasia” (AMM). 

Treatment depends on symptoms: asymptomatic patients are followed closely,
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whereas symptomatic patients undergo therapeutic intervention targeted to their
symptoms. Splenomegaly-related symptoms are best treated with splenectomy. 

Splenectomy provides durable, effective palliation for nearly all patients
with AMM (though postoperative complications are more common in patients
with AMM than in those with other hematologic indications). In the postoper-
ative period, these patients are at high risk of developing thrombocytosis and
portal-vein thrombosis. In the experience of the Mayo Clinic, 49% of the pro-
cedures for AMM were done to alleviate the mechanical symptoms of
splenomegaly; the remainder were undertaken to manage anemia, thrombocy-
topenia, or portal hypertension. Response to splenectomy was 76% at 1 year;
the complication rate was 28%, with perioperative deaths in 6.6% [37].
Thrombosis, hemorrhage, and infection complications were common, with
preoperative thrombocytopenia an independent predictor of mortality risk.
These data underscore the severity of this malignancy and emphasize the need
for careful selection of patients when considering splenectomy in AMM.

11.6 Primary Tumors of the Spleen

Vascular neoplasms are the most common primary splenic tumors and include
benign and malignant variants. Hemangiomas are usually findings identified in
spleens removed for other reasons. 

Although primary involvement of the spleen is extremely rare, angiosarco-
ma is the most common primary non-lymphoid malignant lesion of the spleen.
Since the first description of primary splenic angiosarcoma, more than 100
cases have been reported [38]. It is a very aggressive neoplasm with a high
metastatic rate and poor prognosis. Metastasis typically involves the liver,
lungs, bone, bone marrow and lymphatic system.

Angiosarcomas (or hemangiosarcomas) of the spleen have been associated
with environmental exposure to thorium dioxide or monomeric vinyl chloride
because of their association with hepatic angiosarcomas, but they most often
occur spontaneously. The presentation of splenic angiosarcoma is variable.
Patients usually present with left upper abdominal pain, fatigue, weight loss,
and anorexia. Left upper abdominal pain is the most common symptom. It
occurs in 75% to 83% of patients with splenic angiosarcoma [39]. Patients with
these tumors may also present with splenomegaly, hemolytic anemia, ascites,
and pleural effusions or with spontaneous splenic rupture. Splenomegaly is the
most common finding (in 68% of cases) at physical examination [40].

Cytopenia (91%), leukocytosis (20%), thrombocytosis (5%) and elevated
erythrocyte sedimentation rate (15%) are the abnormal laboratory findings
[41]. Anemia and thrombocytopenia are detected in 75% to 81% and 14% to
55% of reported cases, respectively.

Primary splenic angiosarcomas are very aggressive neoplasms, with a
median survival of 5 months irrespective of treatment. High and early preva-
lence of metastasis (in 69–100% of cases) has been reported and most often
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involves the liver (89%), lung (78%), lymph nodes (56%), and bone (44%).
Biopsy is contraindicated in splenic angiosarcoma because of the high risk

of rupture. Therefore, histological studies can be made only after splenectomy.
The differential diagnosis should include lymphoma, metastatic tumors, and
other splenic vascular lesions such as hemangioma. Differentiation between
angiosarcoma and these tumors is difficult for radiologists because of overlap-
ping imaging findings. Therefore, a definitive diagnosis can be made only by
histopathologic examinations after splenectomy.

Lymphangiomas are usually benign endothelium-lined cysts that may
become symptomatic by causing splenomegaly. Splenectomy should be con-
sidered for symptomatic splenomegaly or an uncertain diagnosis.

11.7 Metastatic Tumors of the Spleen

In the literature, the frequency of splenic metastases is documented inconsis-
tently. The spleen is a site of metastatic tumors in ≤7% of autopsies of cancer
patients but the prevalence ranges from 0% to 34%. These data originate main-
ly from autopsy studies between 1920 and 1965 [42]. Primary solid tumors that
most frequently metastasize to the spleen are carcinomas of the lung, melanoma
and breast, accounting for 24.6%, 15.8%, and 12.3% of all spleen metastases
respectively, but also ovarian, endometrial, gastric, colonic, and prostate [43].
However, virtually any primary malignancy may metastasize to the spleen. The
involvement of the spleen may be a function of the immunologic role of the
spleen and its ability to eliminate microscopic metastatic disease.

Different hypotheses describe the rarity of the splenic metastases compared
with the metastases rate of other organs. The preferred hypotheses are based
on the differences between the lymphatic system, the vessels of the spleen and
the rest of the body. Other hypotheses are based on the immune function of the
spleen or resistance against metastases. However, it seems clear that the non-
gastrointestinal-originating tumors metastasize just as often into the spleen
than in other organs, and the reason for the smaller number of metastases could
be that the spleen is examined only selectively during autopsy [44]. In fact, if
there is a generalized tumor growth, then the spleen is one of the three most
frequent sites of metastases [45].

Metastases to the spleen are often asymptomatic but may be associated
with symptomatic splenomegaly or even spontaneous splenic rupture, and usu-
ally can be a manifestation of disseminated disease and an indicator of a poor
prognosis. Splenectomy may provide effective palliation in carefully selected
symptomatic patients with splenic metastasis. Splenectomy is acceptable if a
thorough workup reveals solitary splenic metastases and the primary tumor is
controlled. Splenectomy can also be justified in conjunction with an abdomi-
nal debulking procedure for ovarian carcinoma.
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12.1 Introduction

Based on the GLOBOCAN 2008 estimates published in 2011, >110.000 new
cases of kidney cancer were expected in 2011, which account for ≈43.000
deaths among men from “developed” countries [1]. Due to increased utiliza-
tion of diagnostic imaging for evaluation of patients with abdominal symp-
toms, incidentally discovered small renal masses (SRMs) are being diagnosed
with greater frequency. Stage-T1 renal tumors (i.e., organ-confined and ≤7 cm
in diameter) account for >60% of cases. Over the last three decades, stage
migration has been observed, with an overall decreasing size at diagnosis of
stage-1 renal cell carcinoma (RCC) [2].

12.2 Cytogenetics of Kidney Cancer

Understanding of RCC is evolving continuously, and cytogenetics promises to pro-
vide valuable tools for defining tumor biology to predict recurrence or response to
therapy. Conventional renal cell carcinoma (ccRCC) carries a higher prevalence
(75–80%) than other types, and occurs in sporadic and familial varieties (VHL syn-
drome).

It has been confirmed that sporadic and VHL-disease ccRCC tumors have
similar molecular profiles, but sporadic tumors are more heterogenous and con-
tain more events per tumor [3]. The biology of the VHL gene product (pVHL)
and its regulation of the hypoxia-inducible factor (HIF) family (and conse-
quently of some dynamically regulated transcription factors) are indelibly



linked to ccRCC biology. In sporadic and familial forms, the molecular patho-
genesis is due to mutations inactivating the tumor onco-suppressor gene VHL,
which is responsible for the ubiquitination of HIF-1α and 2α. This process is
sensitive to oxygen concentrations in tissues. In the presence of hypoxia or
VHL-inactivating mutations, HIF-1α and 2α accumulate and dimerize with
HIF-1β and 2β, and then bind to hypoxia-responsive elements (HREs) to regu-
late the survival, angiogenesis and metabolism of cells. If VHL is inactivated
and HIF expression thereby stabilized, various other genes are transcriptionally
upregulated: transforming growth factor α (TGF-α), vascular endothelial
growth factor (VEGF), platelet-derived growth factor β (PDGF-β), stromal cell-
derived factor (SDF-1), chemokine C-X-C motif ligand 12 (CXCL12), the
chemokine receptor (CXCR4), and carbonic anhydrase IX and XII. 

One HIF target, VEGF, has been found to be highly upregulated in kidney
tumors [4]. This factor contributes to the highly vascular nature of this tumor,
acting as a mitogen for endothelial cells. However, the effect on HIF deregu-
lation is not uniform. Variant mutations in VHL may contribute to imbalances
of the deregulation of HIF1α and HIF2α, leading to different effects on cell
growth [5]. RCC can be characterized as H1H2 (expressing HIF1α and HIF2α)
or H2 (expressing only HIF2α), with dramatically differing effects on the
metabolism of tumor cells. Recent evidence suggests that H2 tumors may lose
expression of HIF1α as a result of nonsense missense mutations in a subset of
tumors [6]. This finding suggests a potentially selective pressure to lose the
HIF1α gene during tumor progression.

Mammalian target of rapamycin (mTOR) is a serine/threonine protein
kinase that regulates the growth, proliferation, motility, survival, protein syn-
thesis, and transcription of cells. Its interaction with other proteins forms
mTORC1 and 2 complexes, which are responsible for the production of HIF1-
α and the control of protein synthesis. The mTOR signaling pathway is fre-
quently overactive in RCC and an important prognostic factor.

With regard to ccRCC, the largest study on the prognostic role of molecular
markers was recently reported at the University of California at Los Angeles.
The authors tested the expression of 29 markers related mainly to the hypoxia-
inducible and mTOR pathways in the surgical specimens of 170 patients with
clinically localized RCC undergoing nephrectomy. The authors showed that
expression of Ki-67, p53, endothelial VEGFR-1, epithelial VEGFR-1, and
epithelial VEGFR-D were independent predictors of disease-free survival
(DFS) once adjustment for the effects of standard clinical and pathologic vari-
ables (Eastern Cooperative Oncology Group (ECOG) performance status,
pathologic stage of the primary tumor, and nuclear grade) was carried out.
Interestingly, a nomogram that included molecular, clinical, and pathologic fac-
tors to predict DFS was generated; this nomogram yielded a prognostic accura-
cy of 90% [7]. It has been demonstrated that loss of 3p is significantly associ-
ated with increased DFS, whereas loss of 4p, 9p, and 14q are significantly asso-
ciated with decreased DFS. Only loss of 9p is an independent predictor of sur-
vival upon adjustment for standard clinical and pathologic variables.
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Papillary RCC (incidence among RCCs 10–15%) also occurs in sporadic or
familial variety. In type 1, mutations activate the MET oncogene, whereas in
type 2 mutations inactivate the tumor onco-suppressor fumarate hydratase
(FH). Chromophobe RCC (incidence among RCCs, 4–6%) has a better progno-
sis. The molecular mechanisms involved are virtually unknown, but mutations
of the Birt–Hogg–Dube tumor suppressor gene FLCN have been identified.

12.3 Nephron-sparing Surgery (NSS) 

12.3.1 Functional and Oncological Results

The increased diagnosis of small intracapsular renal tumors has led to a concur-
rent rise in the rates of surgical intervention and to an augmented interest in the
various methods of NSS. At the end of the twentieth century, NSS evolved from
an uncommon procedure to the current standard of care for two main reasons [8]. 

Firstly, radical nephrectomy (RN) has been considered to be the standard
for treatment of renal tumors for many decades, whereas NSS was limited to
imperative indications. Since the mid-1990s, several studies compared the
oncological result of open conservative surgery to those of RN for treating
SRMs. They reported similar oncological results, and recent studies on large
series confirmed the oncological equivalence of these two procedures [9–10].
Data on 3,480 patients from the Surveillance and Treatment Update on Renal
Neoplasms (SATURN) database displayed no significant difference in cancer-
specific survival (CSS) and recurrence-free survival between patients with
clinical stage T1 RCC treated with NSS or RN, thereby strongly supporting
NSS [10]. One drawback of NSS is the risk of positive surgical margins
(PSMs) that have been reported in 0–7% of cases. However, whether or not
PSM can influence recurrence-free and CSS is controversial, and indeed active
surveillance is the recommended treatment for PSMs [8].

Secondly, in recent years, renal preservation has been progressively prior-
itized because ≈26% of patients have impaired renal function before undergo-
ing NSS or RN. RN is a recognized independent risk factor in the development
of chronic kidney disease postoperatively, cardiovascular events and overall
mortality [11]. Weight et al. reviewed the data of patients with clinical T1b
renal masses undergoing NSS (524 patients) or RN (480 patients). Those
patients undergoing RN lost significantly more renal function than those
undergoing NSS. The average excess loss of renal function observed with RN
was associated with a 25% (95% confidence interval (CI), 3–73) increased risk
of cardiac death and 17% (95% CI, 12–27) increased risk of death from any
cause upon multivariate analyses [12]. 

Besides the advantages of NSS mentioned above, the surgical risk related
with conservative surgery of the kidney as compared with RN should also be
considered, in particular in terms of hemorrhage, as shown by the only ran-
domized study comparing the two procedures [13].
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For the purpose of improving haemostasis during NSS, several haemostat-
ic agents (HAs) that can enhance physiologic coagulation mechanisms have
been used. Even though such agents have been widely adopted in urology and
seem to protect against postoperative bleeding [14], publications on their
results during NSS are limited.

12.3.2 Warm Ischemia Time (WIT) and Renal Damage

In addition to oncologic and surgical outcome, postoperative renal function
is a central issue in NSS. If ischemia is required, the tumor should be
removed within the minimum possible duration. At which point does WIT
cause permanent renal damage during partial nephrectomy? Several studies
have attempted to establish the cutoff time point beyond which ischemia can
lead to irreversible damage of the renal parenchyma: this value is 20–30 min
[8]. In a recent single-center series on 362 patients with RCC in a solitary
kidney evaluating short- and long-term renal effects, for each 1 min of
increase in the WIT, there was a 5% increase in the risk of postoperative
acute renal failure (ARF). Moreover, evaluating warm ischemia in 5-min
increments, a cutoff of 25 min provided the best stratification of risk of
developing ARF, or an acute glomerular filtration rate (GFR) <15 mL/min or
new-onset stage-IV chronic kidney disease in the postoperative period [15].
Therefore, two key messages can be extrapolated from this study. Firstly,
every minute is important and great effort should be mad to reduce the WIT
as much as possible. Secondly, a cutoff value of 25 min seems to be the best
stratification value to discriminate between the onset of acute and chronic
renal damage and its avoidance.

12.3.3 Indications for NSS

The indications for NSS can be:
• Absolute/Imperative: anatomical or functional solitary kidney;
• Relative: the functioning opposite kidney is affected by a condition that

might impair renal function in the future; relative indications include
hereditary forms of RCC (which carry a high risk of developing a tumor in
the contralateral kidney);

• Elective: localized unilateral RCC with a healthy contralateral kidney.
NSS is an attractive option for the elective treatment of SRMs. According

to the most recent European guidelines on kidney cancer, NSS should be
undertaken if technically feasible in the case of intracapsular RCC ≤7 cm in
greatest diameter (T1a/b stage). Nevertheless, they are few consistent data
concerning the oncologic outcomes of clinical T1b >5 cm treated with NSS,
whereas the decision about the feasibility and oncologic safety of NSS in clin-
ical T2a tumors is pending [8].
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12.3.4 Open, Laparoscopic and Robotic NSS

Due to its wide use, open NSS remains the cornerstone of the management of
SRMs. Nevertheless, due to its highly invasive nature, it is associated with postop-
erative pain, scarring, longer hospitalization and a slower return to ordinary activi-
ties. In the future, fewer NSS procedures will be approached in an open fashion. 

First described by Winfield et al. in 1993, Laparoscopic nephron-sparing
surgery (LNSS) duplicates the principles of open surgery and, with several
technical variations, has been standardized [16]. LNSS is a viable treatment
offering outcomes comparable with open surgery with reduced intraoperative
and postoperative morbidity [17–18]. Proponents of LNSS cite the similar
results to open surgery. Nevertheless, it continues to be carried out in a minor-
ity of centers due to its steep learning curve. It is technically demanding for
the limited variation of the degree of incidence with the target structures in the
extirpative and reconstructive steps of the procedure [17–19]. Indeed, LNSS
can offer the advantages of reduced blood loss and shorter hospital stay with
similar oncologic outcomes when compared with open NSS [18]. However, in
some retrospective observational studies, LNSS has been associated with
longer ischemia time, more postoperative complications (particularly urologi-
cal) and an increased number of subsequent procedures [20].

First reported in 2004 by Gettman et al., [21], robot-assisted-NSS (also
called robot-assisted partial nephrectomy (RAPN)) using the da Vinci Surgical
System™ represents an alternative procedure to LNSS and open NSS for the
treatment of intracapsular RCCs, and has steadily gained acceptance [22]. In
recent years, several studies have compared the perioperative results of RAPN
and LNSS, and evidence suggests that RAPN can reproduce the advantages of
minimal invasiveness with a shorter learning curve because it entails excellent
perioperative outcomes after about 30 cases [23]. Recent studies have also
shown that RAPN can be utilized effectively for the treatment of larger renal
tumors (>4 cm in diameter) and parahilar lesions [24]. Ideally, every surgical
option for the conservative treatment of renal tumors should be compared with
open NSS, i.e., matching the standard of treatment and robustness of data with
respect to surgical and oncological results. Only one prospectively derived
comparative study of perioperative outcomes of RAPN vs open NSS has been
published: Simhan and colleagues showed that RAPN offered comparable
perioperative and functional outcomes (including the WIT and change in esti-
mated glomerular filtration rate (eGFR)) with decreased hospitalization [25].

12.3.5 Standard Partial Nephrectomy vs. Simple Enucleation (SE)

The treatment of SRMs represents an area of increasing interest and controver-
sy that is also driven by the trend towards narrowing of the recommended sur-
gical margins. Several studies have been published recently on the amount of
normal tissue that should be excised with the tumor to avoid the risk of local
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recurrence. These studies concluded that, if the tumor is completely excised,
the width of the resection margin is not relevant and not correlated with dis-
ease progression [26]. Guidelines set by the European Association of Urology
(EAU) recommend a minimal tumor-free surgical margin of healthy renal tis-
sue surrounding the resected tumor without specifying the exact minimum
thickness of the healthy parenchyma to be removed [8]. 

NSS can be undertaken as standard partial nephrectomy defined as excision
of the tumor and an additional margin of healthy peritumor renal parenchyma
or as SE (i.e., a tumorectomy done by blunt dissection using the natural cleav-
age plane between the tumor and normal parenchyma without ablation of the
tumor bed) [27]. In recent years, considerable data have emerged demonstrat-
ing the good oncological, functional and perioperative outcomes of SE
[27–29] and some reports have shown a reduced incidence of PSM by adopt-
ing SE. This is probably because SE provides constant visual detection of the
correct cleavage plane, whereas the sharp excision in the case of standard PN
can mislead the surgeon (especially in the case of endophytic tumors). In the
large multicenter series from the SATURN-LUNA project involving >1,500
patients, the prevalence of PSM was 3.4% and 0.2% after conventional PN and
SE, respectively [27]. However, only prospective randomized studies will be
able to shed light on this dualism. 

12.3.6 Complications of NSS

The complication rates observed with NSS are slightly higher (but very toler-
able) when compared with RN (level of evidence, 1b) [8, 13]. Results focus-
ing on morbidity are extremely variable and the overall complication rate after
NSS ranges between 4% and 37% [30].

Several predicting factors for postoperative complications have been
reported in the literature, the most relevant are: imperative indication for NSS;
tumor stage ≥T1b (maximal tumor dimension >4 cm); perihilar localization of
the tumor; length of WIT (>20 minutes); endophytic tumor growth; and
involvement of the collecting system [30]. Pasticier et al. retrospectively
reported a prevalence of 30.7% (including 18.1% minor and 12.6% major
adverse events) with a mean hospital stay of14.1 days [31]. However, the indi-
cations for surgery were imperative in 42% of patients, and this variable was
the most relevant risk factor for complications. Other reseachers have report-
ed a lower morbidity rate after standard NSS. Thompson et al. retrospectively
reported an overall complication rate of 9.6% [30]. Among postoperative com-
plications, bleeding, acute renal failure (ARF) and urinary fistulas are the most
frequent, and deserve further discussion. 

Acute or delayed postoperative hemorrhage occurs in ≈1.3–7.9% of
patients, as described in different series [31]. Percutaneous super-selective
embolization of the feeding arteries contributing to the bleeding site is pre-
ferred to open surgery, which often results in nephrectomy. 
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ARF has been reported in 1.3–12.7% of patients and is obviously increased
in patients with imperative indications for surgery. The WIT and quantity of
remnant healthy parenchyma are the only modifiable variables that can reduce
the deterioration in renal function after NSS. To shorten the WIT, extracorpo-
real “on-demand” clamping and early unclamping as well as methods to facil-
itate the reconstructive phase (e.g., sliding clip renorrhaphy with Hem-O-
Lok™ ligation clips) have been developed. Furthermore, super-selective
clamping of the renal artery and clamp-less methods to have a zero-ischemia
partial nephrectomy have been described, and are beginning to be the standard
of treatment in several centers. However, although the WIT has been strongly
associated with ARF, its correlation with chronic renal damage is controversial
because other factors (e.g., width of healthy tissue removed with the tumor, the
method of renorrhaphy or the hemostatic energy applied on the surgical bed)
may play a part in its development. More detailed biomolecular and imaging
tools are needed to assess the real renal damage after this type of surgery.

Urinary leakage is one of the most common early complications, occurring
in 1.4–17.4% of patients [31]. Pasticier et al. reported urinary fistula in 10.1%
of patients, Duque et al. in 9.1%, and Campbell et al. in 17.4% [31]. Not sur-
prisingly, the factors most associated with urine leakage are tumor size, endo-
phytic tumor growth, and tumor resection requiring repair of the collecting
system [31]. Most of the urinary fistulas recover spontaneously after several
days of drain manipulation but, sometimes, can require endoscopic procedures
such as placement of a ureteric stent or percutaneous drainage if urinoma
develops. Positioning a ureteral stent probably allows: (i) a pathway of least
resistance for urine to drain, and (ii) the reconstructed collecting system to
heal. 

Recent advances in correct reporting of complications after the surgical
treatment of kidney cancer include the Charlson and age-adjusted Charlson
Comorbidity Index for precise and standardized comorbidity reports as well as
grading of medical and surgical complications according to an established
modification of the original Clavien system (a reliable and validated tool for
the reporting of complications) [32, 33]. Moreover, two nephrometric scores
have been validated: PADUA and RENAL nephrometric scores [34, 35]. 

The PADUA score is based on seven critical and reproducible anatomical
features of solid renal masses. Of the seven components, six (i.e., longitudinal
(polar) location; exophytic rate; renal rim; involvement of the renal sinus;
involvement of the urinary collecting system; and tumor size (cm)) are scored
on a one-, two- or three-point scale with the seventh feature indicating the ante-
rior or posterior location of the mass relative to the coronal plane of the kidney. 

The RENAL score is based on the five critical and reproducible anatomical
features of solid renal masses. Of the five components, four are scored on a
one-, two- or three-point scale (i.e., maximal diameter (cm); exophytic prop-
erties; proximity of the tumor to the collecting system or sinus (mm); and loca-
tion relative to the polar lines) with the fifth feature indicating the anterior or
posterior location of the mass relative to the coronal plane of the kidney. 
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These nephrometric scores have been used widely in recent studies with the
aim to improve scientific accuracy. These scores are based on a simple
anatomical system that can be used to predict the risk of surgical and medical
perioperative complications in patients undergoing NSS. The use of an appro-
priate score can help clinicians stratify patients suitable for NSS into sub-
groups with different risks of complications. Moreover, they can help
researchers evaluate the true comparability among patients undergoing NSS
with different surgical approaches. 

12.3.7 New Intraoperative Tools for NSS

Increasingly refined methods, instruments and probes are becoming available
to help surgeons identify the correct margins during NSS. These include intra-
operative ultrasound and near-infrared fluorescence (NIRF) of intravenously
injected indocyanine green (ICG). Apart from the information obtained by pre-
operative imaging, intraoperative ultrasonography is the primary method for
the identification of complex or intraparenchymal renal masses. Intraoperative
ultrasonography with Doppler evaluation of vascular anatomy and the collect-
ing system can be used to accurately locate the tumor and its burdens. 

During RAPN, the ultrasound probe is controlled by the assistant rather
than the surgeon. Use of a newly available robotic ultrasound probe that has a
grooved ridge on its ventral aspect that fits robotic grasping instruments
allows the surgeon to optimize tumor identification with maximal autonomy,
and to benefit from the precision and articulation of the robotic instrument
during this key step of partial nephrectomy [36]. 

Intraoperative imaging of ICG with NIRF is a new method that aims to
accurately identify the renal vasculature and to differentiate renal tumors from
surrounding normal parenchyma. ICG is a fluorescent tricarbocyanine dye that
absorbs and emits light in the near-infrared region of the electromagnetic spec-
trum. If injected intravenously, ICG interacts with blood components, produc-
ing a large increase in the quantum efficiency of fluorescence. ICG binds to
albumin and lipoproteins, so it remains predominantly intravascular until
hepatobiliary excretion. NIRF imaging after ICG administration permits
excellent definition of the vascular system, and has been used in several other
surgical specialties as a method of fluorescent angiography.

12.4 Ablative Treatments

New minimally invasive ablative percutaneous procedures such as cryothera-
py, radiofrequency ablation (RFA) and high-intensity focused ultrasound
(HIFU) represent another area of research by many urological and radiologi-
cal centers, and might be an alternative to surgery for selected patients and
tumors [37]. 
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According to the EAU 2010 guidelines, ablative therapies should be
offered to elderly patients with small, incidentally found, renal cortical
lesions. Due to the lack of adequate oncological follow-up and several draw-
backs (e.g., accuracy of pre- and post-ablation biopsy, need for frequent imag-
ing, and the high rate of benign disease in SRM), ablative methods are
reserved for patients unfit for surgery [8]. 

Of the available ablative methods, RFA and cryoablation are the most
intensively investigated approaches in terms of practicality, complication rate
and oncological safety. In a recent study on computed tomography (CT)-guid-
ed RFA for single, biopsy-proven (T1a and T1b) RCC with follow-up of ≤10
years, RFA was shown to be highly efficient for managing T1a RCC. In this
group, the authors reported 5- and 10-year recurrence-free survival as high as
96% and 93%, respectively [37]. The 5-year DFS and CSS were 91% and
100%, respectively [37]. The outcomes of RFA in T1b tumors was less spec-
tacular, with 5-year DFS of 74%, suggesting that RFA in tumors >4 cm should
be considered only in infirm patients [37]. Similar findings in T1a tumors were
reported by Olweny et al. [38].

Data regarding cryoablation are not mature, but early results seem promising.
Cryoablation seems to have a lower rate of re-ablation and local recurrence as
well as good intermediate oncological outcomes in comparison with RFA [39]. 

Clearly, further prospective ideally, multi-institutional studies are needed
to enable widespread use of these ablative procedures. Undoubtedly methods
as well as devices should be standardized, and this is especially true for RFA.
Moreover, better definitions of the success and failure of treatments are neces-
sary because radiologic criteria vary between studies and might be inconsis-
tent. Comparative studies should be done to assess if these approaches can be
alternatives to partial nephrectomy.

12.5 Role of Surgical Treatment for Metastatic and Locally
Advanced Kidney Cancer

Surgery represents a crucial therapeutic tool also for the treatment of metasta-
tic kidney cancer. The role has evolved over time. It began with reports about
the spontaneous regression of metastases after removal of the primary tumor,
and continued with other experiences that led it to become the cornerstone of
the current multidisciplinary approach. 

Two randomized studies based on cytokine research and surgery (SWOG-
8949 and EORTC-30947) compared the oncological outcomes of cytoreduc-
tive nephrectomy plus immunotherapy vs immunotherapy alone in patients
with metastatic RCC: higher long-term survival was found in patients who
underwent surgery [40, 41]. Today, even if matching comparative studies using
molecular targeted therapies (TTs) are not available, cytoreductive nephrecto-
my remains the “gold standard” treatment in these settings [8]. Some authors
suggest that, in metastatic RCC, TT is so much more effective than cytokines
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that the need for surgery could be questioned. The CARMENA trial is ongo-
ing to evaluate the role of cytoreductive nephrectomy in the TT era, but the
non-randomized studies completed   so far have shown a limited effect of TT on
the primary lesion [42] (Table 12.1).

Current studies are oriented more towards the potential role of the neoad-
juvant effect of TTs (NCT01099423-SURTIME) because it could have poten-
tial benefits such as: 
• Tumor downsizing to facilitate tumor removal; 
• More rapid initiation of therapy that may translate into decreased cancer-

related morbidity; 
• Evaluation of tumor susceptibility to select only patients that respond to

surgery [43].
Some aspects of neaoadjuvant therapy have been questioned, as discussed below.

12.5.1 Effect on Primary Tumor

Several studies have shown volume modifications of the primary lesion after
TT (Table 12.2). After 8 weeks of therapy, Jonasch et al. reported a reduction
of the size of primary lesions of between 10% and 30% using RECIST criteria
in 23% of patients [44]. It is questionable whether RECIST criteria are suit-
ably accurate for the evaluation of TT results because they consider only the
dimensional reduction of the mass and not the increase of its necrotic compo-
nent and other imaging signs of tissue modifications. Indeed, many lesions
greatly increase the content of necrosis after TT, which does not always corre-
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Table 12.1 Tumor measurements after initiating sunitinib treatment

Patient
number

RECIST PFS
(months)

Survival
(months)

SLTS (%) Primary
(%)

Metastates
(%)

Overall
(%)

Overall

1 –9 –9 4 –1 SD 10 18+

2 – – – – – 1 2

3 –18 –18 –56 –32 PR 10 15

4 –11 –11 –45 –32 PR 14 15+

5 46 10 77 41 PD 0.02 4

6 –20 –20 –100 –29 SD 10 14+

7 –16 7 –16 –10 SD 6 14

8 –12 –12 –28 –17 SD 15 22

9 11 11 50 18 SD 1 4

10 13 -1 11 4 SD 4 15+



late with a reduction in volume of the tumor. Conversely, in many cases we
observe increases in their volume. 

Beyond tissue modifications, a minimal reduction in volume is not useful
from a surgical perspective. Frequently, in metastatic RCC, the primary tumor
is >10 cm and a reduction of 10% of the volume does not simplify the proce-
dure significantly. Recently, Kroon et al. investigated the correlation between
tumor size and downsizing after TT therapy. Median downsizing in tumors of
diameter 7–10 cm, 5–7 cm, <5 cm were 14%, 11% and 34%, respectively.
Hence, small primary lesions showed increased susceptibility to TT in terms
of downsizing [45]. These results are in agreement with the potential applica-
tion of TT before elective NSS, which aims to simplify the procedure and
reduce complications, as suggested by Ficarra et al.

Sometimes, the clinical scenario in metastatic kidney cancer is character-
ized by minimal metastatic disease associated with retroperitoneal bulky dis-
ease due to a large primary tumor with extension to an adjacent organ and/or
with an associated confluent nodal mass involving the great vessels [47]. In
these cases, which are defined as “surgery-limiting tumor sites (SLTSs)”,
effective preoperative therapy can allow complete tumor removal with an
acceptable risk of complications. Unfortunately, experiences with SLTSs
shows good results at metastatic sites but poor results against primary complex
tumors [42].
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Table 12.2 Volume modifications of primary lesions after targeted therapies reported in the
literature

Author Number of cases Drug Percentage of
patients with
downsizing of
primary tumor 

Mean reduction
(range) of 
primary tumor 

Amin et al. 
[45]

9 Suni/Sora 90 12% (1–54%)

van der Veldt 
et al. [48]

17 Sunitinib 76 12%

Cowey et al. 
[46]

30* Sorafenib 82 13% (1–40%)

Thomas et al.
[47]

19 Sunitinib 53 9% (0–24%)

Bex et al. 
[42]

10 Sunitinib 60 14%

Jonasch et al.
[44]

50 Beva/Beva+ Erl 52 <10% (1–30%)



12.5.2 Effect on Caval Thrombus

A total of 4–10% of RCCs have thrombus in the inferior caval vein (IVC) and,
in 1% of cases, the thrombus involves the right atrium. Up to 60% of these
patients have also concurrent subclinical metastases [48]. Surgical patients
N0M0 show a median overall survival of 51.7 months compared with 10.7
months for N+M0 and 6.9 months for NxM+ [49].

The risk of perioperative morbidity and mortality from RN and thrombec-
tomy is related to the level of the thrombus. Whether the level of the thrombus
(independent from pathologic stage) has an impact on survival is controver-
sial. It is known, however, that higher-level tumor thrombi tend to be associ-
ated with a higher grade and a more advanced T stage.

Neoadjuvant systemic therapy can potentially decrease the burden of the
tumor thrombus and thus improve the safety and feasibility of resection. Many
case reports have been published stating this viewpoint with positive results.
We also have positive experiences with preoperative TT in the presence of IVC
thrombi, but large cohorts (>25 cases) are present in few publications. Cost et
al. did not report exciting results: 1 patient (4%) had an increase in the throm-
bus level (level II to level III), 21 (84%) had stable thrombi and, in 3 (12%),
the thrombus level was decreased. Hence, there was only 1 case (4%) in which
the surgical approach was potentially affected by regression of the tumor
thrombus (level IV to level III) [50].

12.5.3 Surgical Complications and Discontinuation 
of Drug Administration

Major and overall complications are not influenced by neaoadjuvant therapy;
only surgical wound healing represents a real risk due to preoperative therapy
[51]. To evaluate the most appropriate time for therapy discontinuation, we
must consider the half-life of the drugs: temsirolimus, 17 h; sorafenib, 24–48
h; sunitinib, 60–110 h; bevacizumab, 14–21 days; and pazopanib, 30.9 h. To
be sure, we advocate therapy discontinuation by a time ≥2/3-times the half life
of the drug. 

Before the conclusion of the SURTIME trial, we do not know whether the best
initial therapeutic approach for metastatic RCC is surgery or molecular therapy.
However, considering different aspects we can identify certain useful criteria to
select patients for cytoreductive nephrectomy or for neoadjuvant therapy.

We consider the ideal candidates for surgery (as the first treatment) those
patients with resectable primary tumor (no bulky disease or involvement of
adjacent organs), no lung metastases and good performance status, and when
surgery can remove >90% of tumor volume [52]. In the other cases, neoadju-
vant treatment with TT is probably a more rational approach.
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12.6 Conclusion

We are in a phase of rapid transition in which NSS is increasing its role over
RN as experiences with conservative surgery and the efficacy of hemostatic
agents increases and in which minimally invasive approaches such us
laparoscopy, robotics and ablative procedures are advancing. In particular,
RAPN represents a viable alternative to open NSS with the goal of decreas-
ing postoperative pain and accelerating the return to normal activities. For
the open procedure, extreme attention must be paid to limiting the WIT to
20–30 min.

Preoperative systemic therapy seems to be safe and feasible but the poten-
tial advantages must be tested rigorously. Until further data become available,
caution should be exercised in applying this treatment for potentially curable
and resectable disease.
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13.1 Well-differentiated Carcinoma (WDCs) 
of the Thyroid Gland

Papillary carcinoma and follicular thyroid carcinoma, called well-differentiat-
ed carcinomas (WDCs) of the thyroid gland, account for ≈1% of human can-
cers, with an incidence between 0.5 and 10 per 100,000 per year, and increas-
ing steadily. The increasing incidence is probably due to the early diagnosis of
the subclinical disease (i.e., of papillary microcarcinomas) even though the
SEER analysis conducted in 2009 by the National Cancer Institute showed an
increase in well-differentiated tumors of the thyroid gland irrespective of size,
including tumors > 4 cm in diameter [1]. Despite the steady increase in preva-
lence observed in the last few decades, the mortality from thyroid carcinoma is
gradually decreasing. Survival data at 30 years after diagnosis indicate that the
overwhelming majority of patients with papillary or follicular carcinoma are
alive as a result of early diagnosis and multidisciplinary treatment programs.

The parallel increase in the rates of obesity and thyroid cancer is intriguing
but, without a much larger population study, it is not possible to determine if
obesity causes thyroid cancer. A higher body mass index (BMI) seems to be
associated with a later stage of thyroid cancer. One explanation could be that the



biology of obesity increases the risk and severity of cancer (as is the case for
patients with breast cancer). The possible role of leptin and insulin-like growth
factor in the obesity–cancer relationship has also been mentioned recently [2].

13.1.1 Pathogenesis

13.1.1.1 Oncogenes
Thyroid carcinoma has a monoclonal origin. Major gene mutations lead to the
activation of oncogenes and inactivation of tumor suppressor genes. The genes
involved are: Ras, Gαs TSH-R, RET and TRK. In particular, oncogenes
RET/PTC, TRK and BRAFV600E, due to their selective expression and high
prevalence, are excellent markers of papillary thyroid carcinoma (PTC) [3].

The forms with the highest prevalence in PTC are RET/PTC1, RET/PTC2
and RET/PTC3. In particular, the RET/PTC rearrangement is very frequent in
papillary carcinomas in children with a history of exposure to ionizing radia-
tion, especially after the Chernobyl accident in Russia. This type of gene alter-
ation has a role chiefly in the early stages of thyroid carcinogenesis because it
is most frequent in papillary microcarcinomas [3].

It has been reported that the mutation of the BRAF gene is present in 44%
of cases of PTC: BRAF V600E, the most frequent mutation, was associated
with tumors featuring more invasive behavior and with the follicular variant of
papillary carcinoma [4].

BRAF mutations have been detected in blood samples from patients with
PTC. They are not found in benign nodules and in follicular thyroid carcino-
mas, so their identification can be helpful in the diagnosis and management of
PTC. Searching for BRAF mutations during fine-needle aspiration (FNA) can
be useful for the evaluation of follicular lesions. BRAF positivity during the
follow-up of PTC patients is correlated with residual or metastatic disease [5].

13.1.1.2 Ionizing Radiation
There is a clear relationship between thyroid carcinoma and ionizing radiation:
70–97% of radio-induced thyroid tumors are papillary tumors. These are
tumors with a good prognosis [6]. For the carcinogenesis to be triggered, the
radiation dose should be <15–20 Gy, otherwise cell-death effects override the
tumorigenic action.

13.1.1.3 Other Factors
Important risk factors for WDC of the thyroid gland are family history, a diet low
in iodine, hormonal factors, and previous thyroid disease. Patients with Gardner’s
syndrome, a family history of adenomatous polyposis of the colon, and patients
with Cowden syndrome are likely to experience the onset of PTC [7].

PTC is associated with family history in 3% of cases. Before menopause and
after menopause, the female:male ratio is 1. During childbearing age, it reaches
2–4. Furthermore, goiter and thyroid nodules are often detected during pregnan-
cy. Infertility is associated with a high risk of onset of thyroid carcinoma [8].
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13.1.2 Histology

13.1.2.1 Papillary Carcinoma
Papillary carcinoma represents ≈80% of WTCs, and is the most widespread
thyroid tumor. Depending on their extent and size, carcinomas are classified
as: microcarcinomas, intrathyroid carcinomas or extrathyroid carcinomas.

The overwhelming majority of papillary carcinomas are confined to the
thyroid gland. Metastases tend to follow the lymphatic pathway, and are found
mainly in the cervical and upper mediastinic lymph nodes. Blood metastases
occur less frequently and, if present, tend to involve the lungs and, more
rarely, the bones. 

The classic form is multifocal in 35% of cases, with bilateral involvement
in 24% of cases. Multifocality has been shown to be the expression of a neo-
plastic growth which is synchronous and independent, unrelated to the dis-
semination of the primary tumor. Papillary tumors are slow-growing with a
very good prognosis.

However, these tumors may become more aggressive over the years, char-
acterized by greater local invasion and distant spread, and turn into anaplastic
forms.

Microscopically, the typical structures of papillary carcinomas can be
appreciated. That is, psammoma bodies characterized by calcium deposits in
the stroma and by “ground glass” cells (cells with pale nuclei). Papillary car-
cinomas include several histotypes:
• The follicular variant, characterized by follicles filled with colloid, com-

posed by cells morphologically similar to normal ones. It is a grossly
encapsulated tumor. Psammoma bodies are often present; the lymphocyte
infiltrate is also a frequent finding;

• The diffuse sclerosing variant, typically multifocal with malpighian
metaplasia and fibrosis. It is a rare variant, which is present only in chil-
dren. It is frequently characterized by lymph-node and blood metastases;

• The tall cell variant, typical in the elderly: these large tumors infiltrate
the perithyroid muscles. Squamous metaplasia and tall cells are often
detected; the prognosis is more severe than in the classic forms; 

• The encapsulated variant: the capsule of this tumor is often invaded. The
microscopic pattern shows the same features as the classic papillary car-
cinoma. The prognosis is favorable.

13.1.2.2 Follicular Carcinoma
Follicular carcinomas are characterized by follicular differentiation but with-
out the nuclear inclusions typical of papillary carcinomas. Follicular carcino-
mas are more aggressive and less frequent than papillary carcinomas. They are
most frequently diagnosed in subjects aged >40 years, and account for 10% of
thyroid tumors. They may appear as solitary thyroid nodules, encapsulated or
unencapsulated. They are slow-growing tumors with a relatively favorable
prognosis, but are more aggressive than papillary carcinomas.



The World Health Organization (WHO) recognizes two forms of follicular
carcinoma: the minimally invasive form and the highly invasive form. This
distinction is based on vascular and capsular invasion and has remarkable
prognostic value. Invasion, if limited to the tumor capsule, does not seem to
be of relevance from a prognostic viewpoint, whereas vascular involvement is
invariably an unfavorable prognostic sign.

Minimally invasive follicular carcinomas account for more than half of all
follicular carcinomas. Cytology by means of thin-needle aspiration does not
allow a clear differentiation compared with follicular adenomas because both
share the same cytological characteristics. Only histology after excision of the
nodule allows differentiation of carcinomas and follicular adenomas with cer-
tainty: capsular infiltration determines the diagnosis of carcinoma. In 85% of
cases, the lesion is an adenoma.

Highly invasive follicular carcinomas are characterized by obvious vascu-
lar invasion; they may or may not be encapsulated. The degree of differentia-
tion varies between tumors. There may be well differentiated tumors with fol-
licles of varying sizes containing colloid, or poorly differentiated tumors
formed by micro-follicles with solid or trabecular structures lacking colloid.
The latter are usually associated with a worse prognosis and with a greater
chance of metastases. Metastases from follicular carcinoma spread mainly
through the bloodstream, involving especially the lungs, bones and brain.
There are three histotypes of follicular carcinoma:
• Clear cell carcinomas: a rare type characterized by the accumulation of

fat or glycogen cells in the cytoplasm. Thyroglobulin immunohistochemi-
cal analyses should be used to differentiate these carcinomas from
intrathyroid metastases of a kidney carcinoma or of a parathyroid carcino-
ma (PCa);

• Hurthle (or oxyphilic cell) carcinomas feature partially or totally encapsu-
lated thyroid nodules. They cause locoregional recurrences in most cases.
In some case series, the prognosis has been reported to be less favorable
than for other carcinomas;

• Insular carcinomas are highly invasive, poorly differentiated tumors.
They consist of monomorphic cells of smaller size than the other follicu-
lar carcinomas. They tend to metastasize very often through the lymphatic
and the bloodstream pathways. The prognosis is unfavorable.

13.1.2.3 FNAC Diagnosis of Thyroid Cancer
The propagation of ultrasound technology and its increasing high-resolution
power has resulted in an increased ability to detect nodular thyroid disease.
Thus, the prevalence of subjects found to have nodular thyroid disease has
increased to a staggering prevalence of 50% in Italy. This has imposed the
need for screening to recognize the nodules which may develop malignancies. 

The most important ultrasound features of a thyroid nodule that may sug-
gest a malignant tumor are irregular margins, hypoechogenicity, and intran-
odular vascularization. However, none of these characteristics are completely
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diagnostic. Thus, if ultrasound reveals a nodule with these peculiarities, a fine-
needle aspiration biopsy (FNAB) is essential. After a period when all nodules
were considered FNAB candidates, the indications for this procedure have
been restricted to exclude hyperfunctioning nodules (which are always benign)
and those with a completely cystic aspect. If the nodule size is between 1 cm
and 2 cm, the sensitivity of FNAB is the highest possible. If the nodule is <1
cm, this method must be very prescribed selectively and limited to cases with
a highly suspicious ultrasound pattern. If focal lesions are >2 cm, FNAB sen-
sitivity decreases in an inversely proportional manner.

The cytology sample is harvested with a fine needle (23 G). No aspiration
maneuver is usually necessary, only a gentle movement of the needle in vari-
ous directions (thereby applying the capillary method) until the sample
appears in the cone of the needle. This maneuver must be completed with
ultrasound guidance to check the correct origin of the sample. The cytological
description may be as follows:
• Thy 1: not evaluable due to the absence of a sufficient number of

thyrocytes;
• Thy 2: definitely benign;
• Thy 3: indeterminate/follicular proliferation;
• Thy 4: suspicion of malignancy;
• Thy 5: definitely malignant.
The subsequent therapeutic strategy (surgical or otherwise) should be deter-
mined based on the cytological result. In case of Thy 1, the examination must
be repeated if the lesion is not cystic. If the result is Thy 2, further treatments
are excluded. If Thy 3 is the cytological response, patients should undergo sur-
gery because the chance of a malignant lesion may be ≤25–30% and the only
way to obtain a definitve diagnosis is to examine the entire sample. The num-
ber of Thy 3 false-positives for malignancy is very high, so researchers have
recently focused their attention on molecular biology to avoid surgical
overtreatment. However, the results have still to be clarified. For Thy 4 and
Thy 5, a surgical approach is essential. Furthermore, in each patient with
nodular disease, the calcitonin level should be measured to diagnose a
medullary cancer.

In all nodules, in particular for a focal lesion >2 cm, clinical examination
is absolutely essential because it is likely to lead to the correct diagnosis.
Indeed, if a “hardwood” mass is revealed at palpation, surgery is absolutely
essential [9].

13.1.3 Treatment

13.1.3.1 Surgery
Total extracapsular thyroidectomy (TT) is the most suitable approach in the
therapy of thyroid carcinoma. This view is supported by the following argu-
ments:
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• Papillary carcinoma foci may be present in both thyroid lobes in 36–85%
of cases;

• Recurrences occur in the contralateral lobe in 5–10% of cases;
• TT improves the follow-up;
• The specificity of the value of serum thyroglobulin as a tumor marker is

facilitated by total removal of normal thyroid tissue;
• Retrospective studies suggest that the risk of recurrence and mortality is

dramatically reduced by TT if the tumor diameter is ≤1 cm.
However, guidelines by the American Thyroid Association (ATA) issued in

2009 [9] maintain that: “TT is recommended if the primary tumor is 1 cm in
diameter or larger, if the tumor extends into the extrathyroid region, or if
metastases are present. TT is mandatory in all thyroid carcinoma patients with
a history of head and neck exposure to ionizing radiation due to the high recur-
rence rate of the tumor. Unilateral lobectomy and isthmectomy may be consid-
ered if the tumor is less than 1 cm in diameter and confined to one lobe of the
gland.” Some experts support this view, especially in 15–45-year-old patients
and if the WDC is diagnosed after surgery. However, if the diagnosis of papil-
lary cancer is reached preoperatively, the surgeon should strongly consider
total thyroidectomy even in microcarcinomas because ≤20% may be multifo-
cal [10]. 

Lymphadenectomy (LY) should be done if there is clinical and ultrasound
evidence of metastatic lymph nodes. However, there is some debate as to
which is the correct choice concerning LY. Some authors suggest that the pro-
cedure should be limited to the central compartment (VI) even in case of the
absence of evident metastatic disease. Other researchers believe that LY
should be reserved for cases in which it is really necessary, whereas other
authors maintain that it should be undertaken only on the side of the neoplasm
if the tumor is very aggressive [11]. Furthermore, some authors carry out the
laterocervical LY only in case of positive, monolateral lymph nodes on the side
of the tumor, whereas others undertake the ipsilateral LY in any case of thy-
roid cancer [12]. In conclusion, the most rational choice is probably to execute
a TT with homolateral laterocervical or central-compartment LY only if it is
absolutely necessary due to aggressive or metastatic disease in the lymph
nodes. Even in the latter case, however, the rate of surgical complications
(hypoparathyroidism, palsy in the inferior laryngeal nerve) is too high, and
therefore LY should be considered too dangerous to be done in a disease with
a substantially good prognosis [9]. One potential solution that has been used
in many other domains of oncological surgery is sentinel lymph node (SLN)
biopsy. However, the value of this method in WDC of the thyroid remains
ambiguous [13].

13.1.3.2 Radioiodine Treatment
Radioiodine ablation enables the destruction of the residual thyroid tissue left
after surgery. The iodine isotope used is 131I. Ablation reduces the risk of
recurrence and mortality [9]. Radioablation by 131I entails: 
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• destruction of the residual normal thyroid tissue;
• destruction of the microscopic foci of residual disease;
• reduction of tumor recurrences in high-risk patients (history of head and

neck irradiation or patients with genetic syndromes);
• improved reliability of thyroglobulin value as a tumor marker;
• improved specificity of 131I scintigraphy. 

Several prospective studies and one meta-analysis [14] have suggested that
ablation by 131I is associated with a reduction in the 10-year risk of recurrence
by ≈50% and a reduction in the mortality rate of 3%. However, the cases con-
sidered were carcinomas of 1–1.5 cm in diameter, multifocal, with laterocer-
vical lymph node metastases or with soft-tissue involvement at the time of
diagnosis.
According to the 2009 ATA guidelines [9], radioiodine treatment is indicated:
• in all patients with distant metastases and extra-thyroid extension, regard-

less of tumor size;
• in all patients with tumor size >4 cm even in the absence of other high-

risk characteristics;
• in all patients with lymph-node metastases;
• in patients whose risk is considered high (vascular invasion, more aggres-

sive histological subtypes such as tall cell, columnar, insular, or poorly
differentiated histology).

ATA also recognize the importance of clinical judgment and of a personalized
approach to treatment. 

Therapy with 131I is not routinely recommended in unifocal carcinomas of
diameter <1 cm in the absence of other risk factors (distant metastasis, vascu-
lar invasion, extrathyroid extension or aggressive histotypes) or in multifocal
carcinomas in which all foci are <1 cm in the absence of other high-risk con-
ditions. Pregnancy and lactation are absolute contraindications to therapy with
131I. Fetal thyroid tissue is functional from the 10th to 12th week and could be
destroyed by 131I, resulting in cretinism. An absolute precondition for the
administration of 131I to women of childbearing age is a negative pregnancy
test administered 72 h before treatment. 

The absorption of 131I by thyroid tissue is stimulated by thyroid-stimulat-
ing hormone (TSH). The values   of TSH should therefore be higher than 25–30
μU/mL at the time of the ablative treatment. Thus, treatment is carried out
after discontinuing hormone therapy for 4–6 weeks. Approximately 6–12
months after ablative therapy, the patient is assessed again by measuring thy-
roglobulin and by total body scintigraphy if necessary.

13.1.3.3 Hormone Therapy: TSH Suppressive Treatment 
with Levothyroxine (LT4)

TSH is an important growth factor for thyroid cells. TSH suppression with
exogenous thyroid hormones reduces tumor progression and metastases,
decreasing the prevalence of recurrence and cancer-specific mortality. Along
with surgery and radioiodine therapy, TSH is a mainstay of the treatment of
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connective tissue diseases (CTDs) and is aimed at preventing or slowing down
the growth of neoplastic foci and reducing the risk of disease recurrence.

To achieve TSH suppression, the LT4 dose is adjusted for each patient
depending on the body weight and age. As a general rule, treatment (in
μg/kg/day) is started with 2.5 in young patients, 1.5–2.5 in adults and 1.2–1.8
in the elderly. To assess TSH suppression, doses of TSH and of free triiodothy-
ronine (FT3) and free thyroxine (FT4) are assessed 2 months after the begin-
ning of treatment. Therapy is aimed at achieving a TSH value <0.1 μUI/mL,
with normal values of FT3 and FT4 in the upper half of the normal range,
using the minimum dose needed to inhibit TSH and preventing possible dam-
age due to iatrogenic hyperthyroidism (especially as far as the heart and bones
are concerned). Once the optimal dose in the individual is obtained, hormonal
status must be assessed at 6- or 12-month intervals.

In the cases where complete remission of the disease seems to have been
achieved (persistently undetectable thyroglobulin and negative post-therapy
total body scintigraphy), the follow-up envisages semi-suppressive therapy,
maintaining the level of serum TSH at ≈0.4 μUI/mL.

13.1.3.4 Radiotherapy 
Radiotherapy is the adjuvant treatment of choice in patients with locally
advanced disease whose tumors do not concentrate radioactive iodine or who
cannot tolerate salvage surgery [15]. Typically, this indication is for known
macroscopic tumors that remain after primary surgery, radioiodine remnant
ablation (RRA), and/or revision surgery, as well as tumors that are unre-
sectable without undue morbidity. It is not indicated for the final treatment of
non-operated thyroid cancer except in palliative situations.

13.1.3.5 Chemotherapy
Conventional chemotherapy has been studied for metastatic WDC of the thy-
roid gland but success rates have been low. Chemotherapy is not indicated for
the definitive treatment of locoregional WDC except in the case of refractory
recurrent or metastatic disease. The cytotoxic chemotherapeutic agent doxoru-
bicin is approved by the US Food and Drug Administration (FDA) for use in
these cases. However, due to the lack of evidence on response, its use is not
common [15].

13.1.3.6 Other
The most recent advances in the pharmacotherapy for PTC have been the
advent of targeted therapies designed to affect biologic pathways such as
BRAF and RET. Tyrosine kinase inhibitors are the targeted agents that have
been studied to the greatest extent, but recent evidence has also shown
encouraging pre-clinical results with other targeted agents. These agents may
play a larger part in the treatment of WDC in the future, but they have no role
in the primary treatment of well-differentiated PTC at the moment.
Radiofrequency ablation (RFA) using percutaneous ethanol in the treatment
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of recurrent WDC has been reported but long-term results in a large series of
patients have not [16].

13.1.4 Staging

The International Union Against Cancer (UICC) and the American Joint
Committee on Cancer (AJCC) have developed a staging system for thyroid
cancer based on the TNM system. The TNM staging system is based on three
components: size and extent of the primary tumor (T), presence or absence of
metastases involving regional lymph nodes (N) and presence or absence of
distant metastases (M). These categories are further divided numerically to
identify the progression of cancer (Tables 13.1-13.3).
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Table 13.1 TNM staging (7th edition, 2010)

Papillary and follicular thyroid carcinoma

Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor 

T1 Tumor size ≤2 cm and limited to the thyroid gland

T1a: Tumor ≤1 cm in greatest dimension, limited to the thyroid gland

T1b: Tumor with greatest dimension between 1 cm and 2 cm, limited to the thyroid gland

T2 Tumor size >2 cm but ≤4 cm, limited to the thyroid gland

T3 Tumor size >4 cm, limited to the thyroid gland or any tumor with minimal extrathyroid
extension (e.g., extension to the sternocleidomastoid muscle or perithyroid soft tissues) 

T4a Tumor of any size extending beyond the thyroid capsule to invade subcutaneous soft tis-
sues, larynx, trachea, esophagus, or recurrent laryngeal nerve 

T4b Tumor invading the prevertebral fascia or encasing the carotid artery or mediastinal 
vessels

Categories T1, T2 and T3 must be divided into (s) single tumor and (m) multifocal tumor. The
largest lesion determines the T classification. All anaplastic carcinomas are considered stage T4.

Table 13.2 Regional lymph nodes

Nx Regional lymph nodes cannot be assessed 

N0 Absence of lymph node metastases 

N1 Metastases in regional lymph nodes 

N1a Metastases to level VI (pretracheal, paratracheal, and prelaryngeal/Delphian 
lymph nodes) 

N1b Metastases to unilateral, bilateral, or contralateral cervical (levels I, II, III, IV, or V) 
or retropharyngeal or superior mediastinal lymph nodes (level VII).

Regional lymph nodes are formed by the central compartment (VI), lateral cervical 
(IV, III an II), and upper mediastinal (VII) lymph nodes. 



13.1.4 Classes of Risk

There have been many attempts to classify the risk of recurrence and mortali-
ty in patients with WDC. These include the scoring systems created by the
European Organization for Research and Treatment of Cancer (EORTC),
AMES, AGES, Mayo Clinic (i.e., the metastases, age, completeness, invasion
and size (MACE) system) as well as the OHIO classification. Several condi-
tions are associated with an increased risk of recurrence, as shown in Table
13.4.
A recent Consensus Conference held in 2010 [17] divided patients into three
risk groups:
• Low: patients with unifocal microcarcinoma without extension beyond

the thyroid capsule, without vascular invasion, and without lymph-node
metastasis. Absence of aggressive histotype (such as insular, tall cell,
columnar cell, Hurthle cell, and follicular carcinomas). In these patients,
radionuclide therapy with 131I is not indicated;

• Intermediate: patients with evidence of microscopic invasion in perithy-
roid tissue. Metastases in lymph nodes or total-body scintigraphy findings
of cervical uptake outside the thyroid bed at the time of radioiodine the-
rapy (which is indicated). Patients with aggressive histology (insular, tall
cell, columnar cell, Hurthle cell, and follicular carcinomas).

• High: patients with persistent disease already documented or at high risk
of persistent or recurrent disease as well as distant metastases.
Administration of 131I reduces the chance of recurrence and improves sur-
vival.
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Table 13.3 Distant metastases

Mx Distant metastases cannot be assessed 

M0 Absence of distant metastases 
M1 Presence of distant metastases 

Table 13.4 Conditions associated with an increased risk of recurrence and mortality in individu-
als with well-differentiated cancers

Age <16 years and >45 years

Histological subtype Tall cell carcinoma

Papillary carcinomas 

Columnar cell carcinoma

Diffuse sclerosing carcinoma 

Follicular carcinomas Widely invasive carcinoma

Poorly differentiated carcinoma 
Hurthle cell or oxyphilic carcinoma 

Tumor size Tumors >4 cm or extending beyond the thyroid capsule

Lymph-node involvement 



13.1.5 Follow-up

The methods for monitoring WDC patients after initial treatment are doses of
TSH, thyroid hormones, circulating thyroglobulin and anti-thyroglobulin anti-
bodies; neck ultrasound and diagnostic whole-body imaging (CT, magnetic
resonance imaging (MRI) and positron emission tomography (PET) supple-
ment follow-up; radiography is a second-choice test). In the past, all patients
were monitored postoperatively with serum calcium measurements to detect
downward levels, indicating hypoparathyroidism. However, the advent of
rapid parathyroid hormone (PTH) detection has improved the ability to predict
postoperative hypoparathyroidism. A study at the University of Cincinnati pro-
posed an algorithm for management after TT. Patients with postoperative PTH
levels (in nmol/L) >30 were eligible for hospital discharge without supplemen-
tation, those with 10–20 were discharged home on calcium supplementation,
and those with <10 were started on supplementation with calcium and vitamin
D and observed overnight [18]. The follow-up protocols for WDC patients
submitted to initial treatment with thyroidectomy and 131I ablation have
changed over the years. The follow-up strategies involve four stages:
• Assessment of the thyroid remnant at the time of ablation by 131I follo-

wed by LTH suppression therapy;
• Follow-up after 3 months of treatment with LT4 to assess correct hormo-

ne dosage by TSH and measurement of serum thyroglobulin and free
thyroid hormones;

• Follow-up after 6–12 months with serum thyroglobulin measurement after
stimulation with recombinant human thyroid-stimulating hormone
(rhTSH) or in hypothyroidism; 

• Long-term follow-up.

13.1.5.1 Clinical and Ultrasound Examination 
Palpation of the thyroid and of locoregional lymph nodes is a routine proce-
dure but is not sensitive enough for assessing persistent or recurrent disease.

Ultrasound imaging supplements the clinical examination and is an operator-
dependent method. It allows the identification of locoregional recurrences as
small as 2–3 mm in diameter, and lymph nodes with abnormal morphology
suggestive of malignancy, thereby making it possible to distinguish reactive
and metastatic lymph nodes. Suspicious lymph nodes can be subjected to fine
needle aspiration cytology (FNAC) under ultrasound guidance coupled with
the measurement of thyroglobulin in lavage fluid [9]. This method allows
detection of lymph-node metastases of the neck in almost all cases. Ultrasound
monitoring at regular intervals are required for each lymph node >5 mm in
diameter. 
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Radiography: Patients with unmeasurable thyroglobulin values are not sub-
jected to chest radiography [9]. Radiography does not allow evaluation of lung
metastases <1 cm in diameter which, conversely, can be visualized using 131I
total-body scintigraphy. Micronodular metastases, however, are best viewed
with non-contrast CT or MRI. Radiography shows bone metastases from thy-
roid carcinomas as osteolytic lesions. Scintigraphic imaging detects them as
hypocaptating or moderately hypercaptating foci [9]. 

Fluorodeoxyglucose positron emission tomography FDG-PET: In patients
with evidence of distant metastases, FDG PET scintigraphy provides informa-
tion about the prognosis. In fact, in a study of 125 patients who underwent
FDG-PET, FDG uptake over a larger volume of tissue correlated with shorter
survival [9].

Determination of thyroglobulin: Thyroglobulin is an extremely useful tumor
marker in the follow-up of CTD patients. It is a high-molecular-weight (660
kDa) glycoprotein from which thyroid hormones are derived. It is produced by
follicular cells (normal and neoplastic). 
Thyroglobulin production is controlled by TSH, which stimulates the tran-
scription genes of the protein and its release into the bloodstream. Therefore,
it is essential that, whenever thyroglobulin is determined, TSH is also meas-
ured. During the follow-up of WDCs of the thyroid, determination of the thy-
roglobulin level when TSH levels are high (thanks to discontinuation of LT4
or administration of rhTHS) allows more sensitive results than during LT4
suppressive therapy.

After surgery and after radioablation, serum levels of thyroglobulin remain
relatively high for a few months. Therefore thyroglobulin should not be meas-
ured until after 3 months, at which point in time it should be undetectable.
Increased thyroglobulin values during hormone suppressive therapy are asso-
ciated with distant metastases in the overwhelming majority of cases [20].
Thyroglobulin levels are directly correlated with the extension and severity of
the tumor [21]. However, only 60% of patients with thyroid cancer forming
local or distant metastasis during therapy with LT4 have detectable serum thy-
roglobulin levels [20]. In 20% of patients with isolated lymph-node metastases
and in 5% of patients with small lung metastases not visible on radiography,
thyroglobulin levels are undetectable: these are false-negatives. Other impor-
tant causes of false-negative results may be methodological problems, struc-
tural abnormalities of thyroglobulin or presence of monoclonal antibodies that
make the protein unrecognizable by standard measurement methods [20].
Patients with undetectable thyroglobulin levels while hypothyroid are free
from disease 20 years after the diagnosis, whereas those with detectable circu-
lating thyroglobulin (>10 ng/mL) develop neck or distant metastases in
60–80% of cases.
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In low-risk patients not undergoing radioiodine ablation, the risk of tumor
recurrence is very low, and TSH stimulation by discontinuation of LT4 or admin-
istration of rhTSH is not recommended. These patients can be cared for by meas-
uring thyroglobulin during LT4 treatment and ultrasound of the neck. A total of
93% of low-risk individuals during hormone replacement therapy have unde-
tectable thyroglobulin levels and, in the remaining 7%, thyroglobulin is
detectable with levels <5 ng/mL. Thyroglobulin serum levels in low-risk patients
after lobectomy are undetectable in 2/3 of patients on suppression therapy.

Thyroglobulin is a protein with many antigenic epitopes. In general, thy-
roglobulin antibodies are markers of autoimmune thyroid diseases. In patients
with thyroid cancer, thyroglobulin antibodies are present in 20% of cases. The
reasons for the increase in antibodies are not well understood. Their disappear-
ance is associated with a reduction of the tumor and its severity (most likely
linked to a lower antigenic stimulus [21]). Their presence interferes with the
measurement of thyroglobulin serum levels, so patients with positive levels of
thyroglobulin antibodies and with undetectable serum thyroglobulin cannot be
considered in remission of disease. They should be monitored periodically
with diagnostic whole-body imaging and ultrasound of the neck. The disap-
pearance of thyroglobulin antibodies in the follow-up could be considered
clear evidence of remission.

The importance and role of serum thyroglobulin in the follow-up of WDCs
is well established. The option of avoiding the diagnostic examination with 131

I, with the consequent advantages that derive from this, have allowed rhTSH
and the induction of hypothyroidism through LT4 discontinuation to play a
crucial part in monitoring the possible recurrence of cancer.

Some studies have concluded that the diagnostic accuracy of thyroglobulin
in patients negative for thyroglobulin antibodies is sufficient to decide if treat-
ment is necessary because the test with 131I adds very little information com-
pared with thyroglobulin alone. It is however, recognized, that serum thy-
roglobulin concentration after discontinuation resulting in increased stimula-
tion by TSH plays an important part in follow-up [9].

13.1.6 Outline of Surgical Methods

The specific decription of thyroidectomy is beyond the scope of this chapter.
The surgeon should be proactive with regard to the removal of all thyroid tis-
sue, but great care should be taken to identify and protect the recurrent laryn-
geal nerve, superior laryngeal nerve and parathyroid glands as well as their
vascular supplies. Re-implantation of parathyroid glands should be considered
if they must be removed. The past decade has seen numerous technological
advances in thyroid surgery. Many of these include changes in instrumentation
or the introduction of new instruments, but others concern minimally invasive
surgical procedures (e.g., endoscopes, three-dimensional intraoperative view-
ing, and robotic surgery).
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13.1.6.1 Changes in Instrumentation or the Introduction 
of New Instruments 

In the early 2000s, the US FDA and the European Medical Device Directive
approved the use of ultrasonic coagulating-dissecting and electrothermal bipo-
lar vessel sealing systems to seal thyroid gland vessels and parenchyma [22]. 

Due to the vascularization of the thyroid gland, many surgeons utilize
these instruments rather than bipolar cautery, ties, or clips. Some studies com-
paring these instruments with other haemostatic methods showed a decrease
in operating time and intraoperative blood loss with no increase in complica-
tions [23–29].

Surgeon preferences may also include the use of intraoperative nerve mon-
itoring with an electrode attached to an endotracheal tube to allow detection of
stimulation of the recurrent laryngeal nerve. This may be helpful in the iden-
tification of the recurrent and superior laryngeal nerves (even though studies
have not identified a significant decrease in the rate of vocal-cord paralysis
with this technology [30]). Common indications for the use of this technology
are thyroid revision surgery or tumors with extrathyroid extension when iden-
tification of the nerve is more difficult. 

Although drains are used for major surgical procedures of the head and
neck, their use for routine thyroidectomy has been questioned. A Cochrane
review of studies on drain use did not show a decrease in complications for
patients undergoing goiter surgery without substernal extension, lateral neck
dissection, or coagulation abnormalities, but it did find an increase in the dura-
tion of hospital stay [31]. However, the decision to use drains should be guid-
ed by the surgeon’s experience and intraoperative findings.

13.1.6.2 Minimally Invasive Surgical Procedures 
WDCs of the thyroid are more prevalent in young women, and usually show
favorable biological behavior and better prognosis than other cancers of the
head and neck. Furthermore, the evolution of minimally invasive methods for
the treatment of thyroid cancer has been driven by cosmetic results [32]. 

Video-assisted thyroidectomy (VAT), first described by Miccoli et al. in
1999, [33] is an entirely gasless method. It involves a 1.5–2.5-cm incision
directly over the thyroid and reproduces the same steps used in conventional
surgery with the technical support of a camera and a set of dedicated instru-
ments [34–38].

A problem which remains partially unsolved is the treatment of malignant
thyroid disease. However, several authors, after developing, evaluating, vali-
dating and standardizing the procedure, have proposed that VAT can also be
used in the treatment of in low-risk, small size PTCs (T1) [39, 40].

Concerns regarding the adequacy of resection were addressed by Miccoli et
al. in a prospective randomized trial for papillary cancer. Postoperative thyroglob-
ulin, levels of uptake of radioactive iodine, and complication rates were found
to be equivalent to those of patients treated with conventional open thyroidec-
tomy or minimally invasive video-assisted thyroidectomy (MIVAT). This method
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was described initially with some contraindications, including large nodules
(>2.5 cm to 3.0 cm), thyroiditis, an enlarged thyroid gland (>20 cm3), previ-
ous neck surgery, central compartment neck metastases, and large malignant tu-
mors with extrathyroid extension. Recently, some authors explored several
cases using expanded indications for MIVAT, and demonstrated oncologic
completeness by evaluating postoperative uptake of radioiodine [41, 42].

The only universally recognized indication to the radical ablation of cen-
tral compartment lymph nodes is preoperative or intraoperative evidence of
macroscopic metastatic involvement of these same lymph nodes [43], this,
therefore, being a condition in which lymphadenectomy is undertaken with
intent to treat.

13.1.6.3 Robotic Transaxillary Thyroidectomy (RAT) 
RAT has gained popularity due to the avoidance of a neck incision. This proce-
dure was popularized by Chung et al. in Korea and the method provides excel-
lent optics with three-dimensional visualization, elimination of tremor, and the
ability to work with precision through a longer approach. Initial cases were lim-
ited to WDCs of the thyroid gland with a tumor size of 2 cm without definite
extrathyroid tumor invasion (T1 lesions) or to follicular neoplasms with a
tumor size of 5 cm. After demonstrating the safety, feasibility, and functional
benefits of robotic thyroidectomy, some comparative studies were conducted vs
conventional methods and multicenter trial studies to determine its technical
reproducibility. As robotic experience accumulated, it made possible the suc-
cessful management of unexpectedly encountered advanced cases, such as
cases with definite invasion of adjacent muscles or multiple nodal metastases,
in which the procedure was completed without open conversion. Thus, over
time, the indications for robotic bilateral total thyroidectomy were extended
and more advanced cases were included. The indications for robotic thyroidec-
tomy have been expanded to include patients with T3 or larger size lesions (<4
cm) and N1a or N1b (limited metastasis to the lateral neck compartment) [32].

Axillo-breast robotic thyroidectomy has also been shown to be feasible.
Preliminary studies have been conducted on facelift incision robotic surgery
and transoral robotic thyroidectomy, which may prove to be applicable in the
future [44–47].

13.2 Neoplasms of the Parathyroid Glands 

Parathyroid carcinoma (PCa) is a rare neoplasm. In patients with primary
hyperparathyroidism (PHPT) the prevalence is <1%. The incidence of parathy-
roid carcinoma, however, appears to be increasing [48–49]. The Surveillance,
Epidemiology, and End Results Cancer Registry showed a 60% increase in
incidence from 1988 to 2003. PCa affects both sexes equally. The peak age of
diagnosis in the fifth decade is only slightly younger than that for patients with
benign hyperparathyroidism (BHPT) [50].
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13.2.1 Presentation

The histopathological features of PCa cannot always be clearly defined or
differentiated from the more common adenoma. The definitive diagnosis of
PCa is made only if recurrence or metastasis occurs. Every case that involves
the rapid-onset symptoms of HPT should be considered suspicious for carci-
noma, but it usually cannot be confirmed preoperatively. This complicates
the treatment strategy. In some patients, the pathologic diagnosis of PCa
begins during surgery due to the finding of an indurate mass (5%) invading
surrounding structures (which may include the strap musculature, ipsilateral
thyroid lobe, muscularis of the esophagus, trachea, and/or recurrent laryn-
geal nerve) [51]. Marked hyperkalcemia, low serum phosphorus (if renal
function is not impaired), and substantial elevation of serum PTH are com-
mon findings. An initial en bloc resection is recommended if the diagnosis is
suspected at the beginning of the procedure. A right surgical procedure
reduces metastases and increases recurrence-free survival. Fifty percent of
the procedure could be considered to be curative but only a long follow-up
shows the complications of the recurrences that lead to death. Patients with
PCa commonly die from metabolic complications and due to the infiltration
of vital organs by tumor [52]. More than 50% of patients with PCa treated by
surgery have signs and symptoms involving the skeleton (40% to 70%), the
kidneys (30% to 60%) and the digestive system (stomach–duodenum, pan-
creas; 15%). Non-functioning PCa, with a normal serum level of PTH,
occurs but only in 5% of all PCa [50].

13.2.2 Localization

Normally, PCa tends to be larger in diameter (>2 cm) [53]. The localization
studies are: ultrasonography (offering the advantage of intraoperative use), CT,
MRI and scintigraphy with thallium or sestamibi. Scintigraphy can also be used
to detect ectopic parathyroid glands but yields less information about the di-
mension and morphological features of the parathyroid glands. In general,
FNAC of PCa is not necessary and should be avoided in resectable cases be-
cause disruption of the tumor capsule increases the possibility of tumor im-
plantation [54].

13.2.3 Biologic Markers

The histological features of PCa have been described by Shantz and
Castelman: (i) uniform sheets of cells arranged in a lobulated fashion with
intervening fibrous trabeculae; (ii) capsular and/or vascular invasion; and (iii)
mitotic figures, which should be clearly differentiated from those observed in
endothelial cells [48]. Several oncogenes and tumor suppressor genes have
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been linked to PCa. Altered DNA content is overexpressed frequently in PCa
(somatic or germline mutations in HRPT2; loss of a region on chromosome
13); the cyclin D1 or parathyroid adenoma 1 (PRAD1) oncogene is frequently
overexpressed in PCa and it also has been suggested that PRAD1 plays an
important part in the malignant transformation of PCa [55] .

13.2.4 Treatment

The treatment of PCa is en bloc excision of the tumor with the contiguous ipsi-
lateral thyroid lobe and isthmus. If there is an evidence of soft-tissue extension
a wider excision must be done. Efforts must be made not to violate or rupture
the parathyroid capsule, which often leads to tumor spillage and eventual disease
recurrence. Prophylactic neck dissection does not improve the prognosis [56].
Any sacrifice of a normally functioning recurrent laryngeal nerve is not required
unless it is involved circumferentially by malignancy and has been shown to be
dysfunctional preoperatively. Intraoperative PTH (IPTH) measurement is a
method for optimizing tumor removal while minimizing the invasiveness of
parathyroid surgery. Multiple studies have investigated its use in the surgical
management of PHPT but its role in the management of PCa remains unclear. It
can be postulated that IPTH measurement may be of limited application to PCa
if metastases are present. The most common site for implants and local metasta-
tic disease is the cervical region, followed by the lungs, liver and skeleton.
Because external beam radiation and chemotherapy are generally ineffective for
the treatment of persistent or recurrent PCa, re-operation is often recommended
to: relieve symptoms; eradicate residual disease; remove metastases. PTH secre-
tion and hypercalcemia are the true causes of mortality and morbidity rather than
tumor dimension and local compression/infiltration. Treatment modalities for
hypercalcemia (if possible) are an aggressive cervical surgical approach and sur-
gical exicision of distant metastases (such as wedge lung resection). In patients
with unresectable disease, the aim is to ameliorate the symptoms of hypercal-
cemia. Conventional treatment with intravenous fluids, diuretics, and anti-
resorptive agents (such as bisphosphonates, gallium, or mithramycin) and cal-
cimimetic agents are usually employed to reach this goal [55].

13.2.5 Staging

Because of the low incidence of PCa, an AJCC staging system has not yet been
formulated and thus is not applicable for this malignancy. Neither tumor size
nor lymph-node status appear to be important prognostic markers for this
malignancy. Patients are considered to have localized or metastatic disease.
For localized PCa the disease involves the parathyroid gland with or without
invasion of adjacent tissues. For metastatic PCa, the disease spreads beyond
the tissues adjacent to the involved parathyroid gland(s). PCa most frequently
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metastasizes to regional lymph nodes and lungs, and it may involve the liver,
bone, pleura, pericardium, and pancreas. 

13.2.6 Prognosis

Patients with PCa represent a heterogeneous group. PCa is often indolent but
with a progressive course. Some patients are cured for as long as a decade or
more, whereas some with aggressive tumors experience early recurrence with
local and distant spread. The 5-year survival rate is of 40–50%.
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Non-invasive and Invasive Breast Cancer

Carlo Mariotti and Luis J. Sánchez

14

14.1 Introduction 

There are 1 million cases of breast cancer (BC) worldwide. This statistic
explains the extent to which the health sector and health policies are involved
in dictating and supporting guidelines on behavior. The extent of BC results
in several problems:
• Social: BC has an impact on the family and workplace, the organization of

an adequate network of centers and hospital services, as well as staff train-
ing and related costs;

• Diagnosis: an early diagnosis is required in a large proportion of the
female population;

• Therapeutic: due to the complexity and variety of treatment; 
• Psychological: due to the overpowering impact on the female population;
• Rehabilitation for the family and social recovery of patients; 
• Scientific: due to the possibility of carrying out research and the biologi-

cal complexity of this tumor (which has already been well studied) so that
research on BC can be a model for other types of cancer.
The upshot of these problems is national and international screening cam-

paigns, social/health protection movements, as well as the pursuit of greater
efficiency of detection (breast units, breast clinics). The latter is an issue of
interest not only for major health organizations but also for politicians
(European Parliament, Resolution 2002/2279). Non-invasive and invasive BC
are different clinical entities and are described separately. 
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14.2 Non-invasive Breast Cancer

According to the seventh edition of the cancer staging manual of the American
Joint Committee on Cancer (AJCC), [1] three categories can be identified
among non-invasive forms of BC or in situ types of BC (pTis). That is: ductal
carcinoma in situ (DCIS); lobular carcinoma in situ (LCIS); and Paget’s dis-
ease (PD), nipple areola in situ (without an associated intramammary DCIS or
intramammary invasive BC).

14.2.1 Ductal Carcinoma in Situ (DCIS)

14.2.1.1 Epidemiology
The incidence of BC in Italy is 139/100.000 per year, and the incidence of
mortality is 32/100.000 per year [2]. These values differ by ≤40% from north-
ern to southern Italy. A national increase in incidence ranging from 2% to 17%
has been recorded, but mortality has been declining from the 1990s in Italy (as
in most developed countries). The incidence of DCIS (in particular and
DCIS/invasive BC ratio) has been increasing. This is significantly related to
the introduction of the screening programs which have been introduced in Italy
and most of Europe. The results of IMPATTO project in Italy show this trend
and that DCIS comprise 10–15% of all BC cases in Italy. This trend in the
increasing number of DCIS diagnoses has been shifted to younger women not
involved in screening programs, such as women aged <50 years [3]. This find-
ing could be the effect of greater sensitivity of mammography and of sponta-
neous screening among different age cohorts. Such an increase has also been
recorded in the USA, where screening programs are spontaneous. There is,
however, a significant difference in percentages of DCIS and DCIS/invasive
BC between Europe and the USA. Another difference is in grading and size of
DCIS. This could be explained by differences in the approaches and standard-
ization of diagnoses, though such differences have not been investigated.

Another issue is over-diagnosis. Would all the DCIS discovered by screen-
ing have developed into invasive BC and resulted in death, or could many of
them have remained occult until the death of patients from different causes?
Some cancers have a very slow rate of growth and favorable biology, so con-
tinuing research in this area might answer the question of over-diagnosis.

Although the introduction of screening programs correlates with higher
rates of DCIS, there could be additional causes from different factors involved
in BC pathogenesis.

14.2.1.2 Pathology
DCIS can be defined as a proliferation of malignant epithelial cells within
mammary glandular structures without stromal invasion and breakdown of the
basement membrane. According to Tavassoli et al., [4] DCIS can be classified
within ductal intraepithelial neoplasia (DIN):
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• DIN 1a: flat lesion with atypia;
• DIN 1b: atypical intraductal hyperplasia; 
• DIN 1c: extended atypical intraductal hyperplasia: low grade DCIS; 
• DIN 2: intermediate-grade DCIS;
• DIN 3: high-grade DCIS.

DCIS is a very diverse entity in terms of presentation, morphology, histol-
ogy, biology and risk of progression towards invasive BC. The histologic clas-
sification of DCIS is based on three main features: type, grade, necrosis. The
histotypes can be:
• Papillary/micropapillary;
• Cribriform;
• Solid;
• Comedo;
• Pleomorphic clinging type;
• Signet ring;
• Apocrine;
• Intracystic papillary;
• Cystic hypersecretory;
• Clear cell;
• Neuroendocrine;
• Spindle cell.

Necrosis can be central (“comedo”) or focal (“punctuate”).
Grading is very important because low-grade G1 DCIS and high-grade G3

DCIS are considered to be two distinct classes of BC due to their very differ-
ent biomolecular characteristics. In a study conducted on the biological sub-
types of DCIS, [5] it appears that basal-like subtypes are G3 in 84% of cases
and G1–2 in only 16%. Luminal-A DCIS are G3 in 28% and G1–2 in 72% of
cases. Luminal-B are G3 in 61% and G1–2 in 39%. Human epidermal growth
factor receptor (HER)2+/estrogen receptor (ER)-DCIS are high grade in 92%
of cases and low–intermediate in 8%. Thus, grading is a very important pre-
dicting factor for favorable/unfavorable biology. A pathology report for DCIS
should always deatil: dimensions, margin status, histotype, grading, necrosis,
and status of hormone receptors.

Microinvasive Breast Cancer (MIBC)
Although not part of non-invasive BC, MIBC should be dealt with as a part of
DCIS because MIBC is often diagnosed after a preoperative diagnosis of DCIS
(very rarely in LCIS cases).

Lagios et al. first introduced this term in 1982 to define DCIS with micro-
scopic invasion <1 mm. Since then, many definitions have been reported, from
differentiation between single-cell invasion and clusters or tubules of cells, to
expression of the percentage (≤10%) of invasion seen among all the section
examined. Other definitions have been stated even without defining the maxi-
mum extent of invasion.

In the seventh edition of the AJCC cancer staging manual (2010), as in pre-
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vious editions, MIBC has a specific pT category: pT1mi. It is defined as inva-
sive BC with a single focus <1mm or multiple foci with none of them measur-
ing >1 mm in greatest dimension (without adding together all the different
foci). In case of difficulties in reporting the number of foci, an estimate of such
a number should be provided. 

MIBC comprises 0.7–2.4% of all BC cases [6]. It is nearly always encoun-
tered in the setting of DCIS, less often in LCIS: this is why it is also referred
to as “DCIS with microinvasion” (DCISM). Rare cases are encountered in the
absence of non-invasive disease.

From a strict pathological perspective, the diagnosis of MIBC might be
very challenging. Several artifacts may imitate such a condition. Therefore,
immunohistochemistry is essential to clarify this situation, and several mark-
ers have been proposed. Myoepithelial cell markers (in particular, smooth
muscle myosin heavy chain (SMM-HC), calponin and p63) are considered the
most reliable.

The prognosis of MIBC is deemed to be intermediate between pure DCIS
and early-stage BC. MIBC is an invasive BC and, as such, axillary staging is
warranted, as well as taking into consideration adjuvant systemic therapy.
Different definitions of MIBC, few cases, and short follow-ups hinder reliable
clinical appraisal of MIBC. Two recent studies regarding axillary staging and
clinical outcomes [7, 8] with a consistent number of cases and follow-up found
axillary involvement after sentinel lymph-node biopsy (SLNB) in 12% and
10% of cases, respectively. In one of these studies, among the 14 cases deemed
positive, out of 112 patients with DCISM who had SLNB, 6 were isolated
tumor cells (ITCs), 5 were micrometastases and 3 were macrometastases. In
the other study, among 68 cases of SLNB in MIBC, 3 patients had micrometas-
tases and 4 had ITCs. Most authors recommend SLNB after a diagnosis of
MIBC even though node involvement is quite rare and mostly micrometastat-
ic. Furthermore, one could argue whether these micrometastases are prognos-
tically important. Axillary involvement was not a prognostic risk factor for
recurrences in these studies, but positive SLNB received chemotherapy and
some of them had completion axillary lymph-node dissection (ALND), most-
ly with no further positive nodes. Completion ALND topic has been highlight-
ed recently by the ACOSOG Z0011 trial for T1-2 BC. The results from this
trial can also change the strategy for axilla management for MIBC. Further
studies with larger cohorts and longer follow-up are necessary to draw conclu-
sions about the routine use of SLNB in MIBC. In terms of immunophenotypes,
ER, progesterone receptor (PR) and HER-2/neu status does not seem to be
associated with recurrence [8].

14.2.1.3 Diagnosis
The first step in the diagnostic workup of DCIS is usually a mammographic X-
ray (MXR). The signs of DCIS are most often microcalcifications (60% of
cases). A nodule image is definitely less frequent (20%), along with architec-
tural distortions and focal asymmetry (10% each).
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In the case of microcalcifications in a MXR, diagnostic management is
mainly based upon the BI-RADS classification set by the American College of
Radiology (ACR). Grade 1 to grade 2 is benign and a further approach is not
needed. Grade 3 warrants close follow-up at 6 months. For grades 4 and 5,
immediate further investigations are necessary, such as fine-needle aspiration
cytology (FNAC) or percutaneous biopsy.

A diagnosis of DCIS is possible only by biopsy because cytology cannot
distinguish between a breakdown of the basement membrane of a cell or not.
Nodules, unless clearly benign, should also be biopsied. When a diagnosis of
DCIS has been reached (i.e., after the initial workup, physical examination,
MXR and breast ultrasound), the need for MRI of the breast should be taken
into account due to the multicentric nature of DCIS and its propensity to spread
within the ductal tree. Breast MRI can give a better “map” of DCIS extension
within the gland, showing areas of neoangiogenesis which have not developed
microcalcifications and therefore did not appear at MXR. There is little accor-
dance in the literature about this topic; a study published in The Lancet in 2007
[9] showed very good sensitivity for breast MRI in the diagnosis of DCIS
(especially for high-grade tumors). A true and clear awareness of DCIS spread
is essential to plan correct surgical interventions and achieve negative margins.
The drawback of this imaging method is low specificity that mandates contin-
uous comparison with conventional mammography and ultrasound. 

14.2.1.4 Surgery
Surgery is the first therapeutic step after a DCIS diagnosis. Several surgical
approaches can be chosen to treat DCIS: lumpectomy (if there is a palpable
nodule), wide excision, quadrantectomy or mastectomy (usually skin- or nip-
ple-sparing). These very diverse approaches are due to the difficult nature of
DCIS, which can have intraductal spread throughout an entire ductal tree. In
addition, DCIS can also exhibit peritumoral spread in a discontinuous fashion
(Fig. 14.1).

These issues warrant thorough preoperative assessment (usually breast
MRI). Most DCIS are non-palpable lesions (mostly microcalcifications) so
careful preoperative localization of the index lesion is essential to guide the
surgeon and avoid wider or incorrect excisions (unless mastectomy is the
scheduled treatment). Such localization must be programmed preoperatively
and undertaken by a radiologist using permanent dye, a radioisotope (radio-
guided occult lesion localization (ROLL)), a metal wire, or a gel-mark for the
rare lesions seen only upon ultrasound. 

Stereo-guided mammography is a technical method for localizing a non-
palpable DCIS. Moreover, a clip must be left within the breast gland by the
radiologist once carrying out percutaneous stereo-guided biopsy. This is
because microcalcifications can be removed completely by the biopsy and
because a clip can be used as a label by the surgeon after the excision. For non-
palpable lesions treated by conservative procedures, the surgeon, in addition to
the use of preoperative guides, ought to confirm the correctness of the excision

14 Non-invasive and Invasive Breast Cancer 233



through an intraoperative radiograph of the removed breast tissue. The radi-
ograph can demonstrate the radiologic clip or the index microcalcifications,
and give an idea of resection margins. Rarely, an ultrasound has to be carried
out to confirm the lesion (or a gel-mark) in removed tissue if the tumor is not
seen by mammography.

As mentioned above, mastectomy is sometimes necessary for DCIS. Three
conditions mandate a mastectomy [10]: high tumor extension/breast volume
ratio; multicentric tumors; postoperative radiotherapy (RT) is not possible.

If a conservative procedure is chosen, which minimum value of the margin
value can be considered to be sufficient? This is definitively a controversial
topic in the surgical treatment of DCIS. At the Philadelphia 1999 consensus con-
ference [10] a 10-mm margin was deemed necessary. However, at the St. Gallen
consensus conference in 2009, a 2-mm margin was considered acceptable. At the
same consensus conference, for margins <2 mm, 48% of experts considered re-
excision not to be necessary, whereas it was debatable for 9%, and absolutely
necessary only for 43% of those present. RT is usually carried out after DCIS
surgery, several authors from North America consider a margin to be negative if
the tumor does not extend to the surface of the inked specimen.

In summary, because DCIS is, by definition, a local disease, appropriate
local treatment with complete tumor removal is the primary goal of DCIS ther-
apy. A failure in DCIS treatment is represented by local recurrence.
Recurrences are invasive in 50% of cases and even more for young patients
with G3, comedo-necrosis tumors.
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A practical guide to local treatment is the validated van Nuys Prognostic
Index (VNPI) score (Table 14.1). If the score ranges from 4 to 6, lumpectomy
alone is sufficient; a score of 7 to 9 mandates radiotherapy; and a score of 10
to 12 necessitates mastectomy.

Axillary Surgery
Infiltration of lymphatic vessels and lymph-node involvement are, by defini-
tion, not possible for DCIS, because the basement membrane is not broken by
tumor cells. Notwithstanding this principle, SLNB has a role in DCIS surgery.
From 5% to 44% (mean, 20%) [11] of preoperative diagnoses of DCIS are
micro-invasive or invasive cancers at definitive pathology report. Thus, a sec-
ond intervention for axillary staging is necessary in such cases.

Another issue is positive SLNB at definitive pathology report, even in con-
firmed cases of DCIS (which has been estimated to be 3.7% in a recent study
[12]). This could be interpreted as a pathology sampling failure and therefore
a sign of infiltration or a sign of cell dislocation during diagnostic and surgi-
cal procedures.

No randomized trials have shed light on this topic. The choice to carry out
SLNB in the case of a preoperative diagnosis of DCIS is based mainly on the
rationale of avoiding further interventions. Several risk factors were identified
in one study [13]. Four conditions can be identified as risk factors of invasion
after a core biopsy diagnosis of DCIS: 
• Palpable lump;
• Mass on mammography;
• Intermediate or poor tumor grade;
• Microcalcification area wider than 2.5 cm.

In the case of mastectomy, SLNB should always be done because this surgi-
cal procedure hinders the future possibility of undertaking SLNB. Some authors
advocate that this policy should also apply to upper outer quadrant excisions. 
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Table 14.1 Van Nuys Prognostic Index

Score Dimension
(mm)

Margin Status
(mm)

Histology Age (years)

1 <15 >10 Non-high grade
No necrosis
Nuclear grade
1–2

>61

2 16–40 1–10 Non-high grade
Necrosis
Nuclear grade
1–2

40–60

3 >40 <1 High grade
Nuclear grade 3

<39



In terms of everyday practice, the flowchart in Fig. 14.2 can be proposed
as a guide for carrying out SLNB in DCIS.

14.2.1.5 Radiotherapy
The aim of local treatment of DCIS is avoidance of local recurrence, which is
invasive in ≈50% of cases. To reach such a goal, RT is a crucial adjuvant sup-
port to surgical excision whenever a conservative approach is chosen. 

Level-I evidence from four randomized clinical trials (NSABP B 17,
EORTC 10853, SweDCIS Trial, UKCCCR Trial) suggests that RT reduces
ipsilateral local recurrence by ≈50% compared with conservative resection
alone. No differences were found in contralateral BC and mortality at 10
years. Whole-breast RT was the adopted modality. Results applied to all sub-
groups of patients. It was not possible to identify subset of patients who
might avoid RT, as expressed in the VNPI. The VNPI was derived from a ret-
rospective analysis and has not been validated (even by recent prospective
analyses). 

New recent modalities of RT are partial breast irradiation (PBI), also
known as accelerated partial breast irradiation (APBI) and intraoperative radi-
ation therapy (IORT), which is an intraoperative modality of PBI. Several
methods using different energy sources have been described as external irradi-
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ation or as intracavitary or interstitial brachytherapy. The rationale for these
novel methods is that local recurrence is mostly very near to the tumor bed and
that recurrences “elsewhere” in the breast are <20% (<1% per year, similar to
the value for contralateral tumors). Furthermore, these modalities reduce the
conventional 5–7-week course of whole-breast irradiation to the same opera-
tive day or ≥4–5 postoperative days. 

The primary purpose of selecting patients for APBI is to find a subgroup with
a low risk of occult disease far from the lumpectomy site (or at least not too far)
in an area not reached by the chosen APBI modality. Among all prospective non-
randomized and randomized PBI trials with ≥4 year follow-up, none involved
DCIS patients except for the American Society of Breast Surgeons MammoSite
APBI trial. Therefore, PBI should be used with caution in DCIS cases outside a
clinical trial. According to recommendations set by the Groupe Européen de
Curiethérapie-European Society for Radiotherapy and Oncology (GEC-
ESTRO), DCIS cases cannot be in low-risk groups, or be considered good can-
didates for PBI; instead, they should be regarded as intermediate-risk patients
for PBI. Similarly, in the consensus statement provided by the American Society
for Radiation Oncology (ASTRO), DCIS cases are not listed among the “suit-
able” cases for PBI, whereas they can be considered part of the “cautionary”
group if the dimensions are <3 cm and “unsuitable” if >3 cm.

IORT is a type of PBI that uses a high, single dose irradiation as the sole
or boost treatment at the resection site. It can also be used for nipple–areola
treatment in case of nipple–areola-sparing mastectomy. This modality is car-
ried out before the definitive pathology report, so thorough evaluation after the
report is essential for selecting the appropriate therapy. 

14.2.1.6 Systemic Therapy
Although DCIS is a local disease, individualized treatment for DCIS patients
should also take into account systemic therapy. DCIS recurrences are invasive
in ≈50% of cases, and a patient with a previous DCIS is a higher risk for con-
tralateral BC. Just as RT reduces ispilateral local recurrence by ≈50%, it is
well known (from randomized clinical trials) that tamoxifen reduces any
breast cancer event (defined as combined ipsilateral plus contralateral breast
events) by ≈30% [14] without any effect on overall survival. Therefore, it is
reasonable to advise systemic treatment with tamoxifen to selected DCIS cases
with hormone receptor-positivity. To identify subsets of patients who might
benefit from systemic therapy, different approaches can be considered. A
nomogram from Memorial Sloan–Kettering Cancer Center (MSKCC) has been
proposed that considers conventional clinical and pathological parameters.
Such a nomogram has not been validated from different institutions. In the
near future, molecular profiling and molecular biology-based scores could
potentially improve risk stratification for women with DCIS, helping to guide
physicians and patients towards the correct therapeutic choice. There are
ongoing trials aiming to find alternative treatments. These include aromatase
inhibitors and anti-Her2 agents such as trastuzumab and lapatinib. 
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14.2.1.7 Follow-up
There is virtual general consensus among specialists involved in BC with
regard to follow-up for DCIS patients: history-taking and physical examina-
tion every 6–12 months for 5 years and then annually, accompanied by annu-
al mammography. Further investigations can be considered for those women
treated by hormonal therapy.

14.2.2 Lobular Carcinoma In Situ (LCIS)

According to the 2003 World Health Organization (WHO) definition, non-
invasive lobular carcinoma falls within the category of lobular intra-epithelial
neoplasia (LIN), which comprises three identities:
• LIN 1: atypical lobular neoplasia or hyperplasia;
• LIN 2: lobular carcinoma in situ, classic type;
• LIN 3: lobular carcinoma in situ with central necrosis or pleomorphic type

or with signet ring cells.
Since its first description in 1941 by Foote and Stewart, LCIS treatment has

ranged from simple biopsy to bilateral mastectomy. This diversity (which in
part is present today) is dependent upon whether it is considered to be a mark-
er of increased BC for both breasts (“risk factor theory”) or a real BC precur-
sor (“precursor theory”).

In a literature review spanning decades of LIN series [15], a detailed com-
parison of these theories was carried out. Recently, the precursor theory has
gained respect after demonstration of a common lack of expression of the E-
cadherin adhesion cell molecule for LIN and invasive lobular neoplasia, sug-
gesting a possible transformation of LIN into invasive lobular BC. Moreover,
BC, developed after diagnosis of LIN, is lobular in 30% of cases as compared
with 16% in the general population. Usually, an ipsilateral BC develops in the
same quadrant of LIN, and the rate of ipsilateral BC is slightly higher than
contralateral BC (51% vs 41%, respectively). There are many issues favoring
the isk factor theory: BC develops >10 years after a diagnosis of LIN in 50%
of cases; the percentage of contralateral BC cases is not too different from
ipsilateral invasive BC; the vast majority of BC, diagnosed after a LIN diag-
nosis, do not contain invasive lobular pathological features.

A LIN report after breast biopsy should prompt surgical local excision.
Instead, some authors believe that proceeding with an excision is not neces-
sary, but the possibility of cancer progression or of a surrounding DCIS (or
even invasive BC) must be taken into account. Mastectomy (especially bilat-
eral) is becoming outdated because LIN around an invasive BC does not have
any effect on recurrence rate or survival. Thus, bilateral mastectomy can be
deemed a level-V recommendation only. An important topic remains margin
status. Absence of prospective randomized clinical trials and the paucity of
cases in most studies limit any conclusions to be drawn. Guidelines are
derived mostly from retrospective reviews and inferences from experts. Many
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experts judge LIN 3 similar to DCIS and treat it equally.
If LCIS is interpreted to be a risk factor, a chemopreventive therapies could be

proposed to patients. A National Surgical Adjuvant Breast and Bowel Project
(NSABP) study showed that tamoxifen reduces the chances of development of
invasive BC after LCIS in 56% of cases; the Study of Tamoxifen and Raloxifene
(STAR) study showed similar results for raloxifene. The follow-up for LCIS can be
planned as that for DCIS. Figure 14.3 can be proposed as a guide for LIN treatment. 

14.2.3 Paget’s Disease (PD)

PD of the breast was first detailed by James Paget in 1874. He described 15
women with chronic eczematous lesions of the nipple–areola skin with an
associated intraductal carcinoma of the mammary gland. 

PD is seen almost exclusively in women; male reports are anecdotal. The
appearance of a nipple–areola chronic rash must be recognized promptly to
initiate the appropriate diagnostic workup and detect underlying BC. A similar
rash can be seen in the skin of external male and female genitalia, but this con-
dition, known as extramammary PD, is not associated with breast PD in terms
of pathophysiology and etiology.
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intra-epithelial neoplasia; SLNB, sentinel lymph-node biopsy; RT, radiotherapy 



The origin of PD can be traced to the superficial extension (epidermotro-
pism) of malignant ductal epithelial cells derived from the underlying breast
gland or an intraepidermal origin (“in situ transformation theory”), as described
by Muir in 1939. Malignant cells extend from luminal lactiferous ductal epithe-
lium and infiltrate the epidermis, causing the well-known chronic rash. Most
dedicated studies have shown shared genetic changes and biomarkers between
PD cells and underlying breast adenocarcinoma cells. The exact worldwide fre-
quency of PD is not known, but ≈1–3% of BC are associated with PD and near-
ly 90–100% of PD have a DCIS or invasive BC in the gland beneath (either
identifiable or not). If there are imaging findings of breast lesions associated
with PD, these are invasive BC in 90% of cases and only 10% in DCIS where-
as, for PD lesions without any other finding, a DCIS is found in ≈70% of cases
in the gland beneath and invasive BC in the remaining 30% [16].

Once signs and symptoms such as rash, itch, erythema, burning and some-
times bloody nipple discharge (associated with skin thickening and nipple
inversion) raise the suspicion of PD, a diagnostic workup must be started.
Physical examination, MXR, ultrasound and cytology testing by nipple–areola
scraping are the first step. If negative, a dermatology consultation and short-
term follow-up (2 weeks) might be a sensible option. Otherwise, if treatment
for a positive or suspicious lesion has to be taken, after considering further
investigations such as breast MRI, the mammary gland should be evaluated. In
the case of negative tests, but very suspicious physical examination, a full-
thickness biopsy must be undertaken. If an associated breast lesion is identi-
fied, histologic confirmation should be completed. Confirmed BC with suspi-
cious PD requires full-thickness skin biopsy to rule out possible associated PD. 

Eventually, after the diagnostic workup, two situations can be outlined: PD
with associated BC or PD without an identifiable underlying BC. The former
case has to be treated according to BC stage. Surgical excision must include
the nipple–areola complex (NAC) in continuity or not with the BC. Adjuvant
therapies are chosen based on the parameters of BC. PD can be addressed only
with the following surgical options: central quadrantectomy including NAC
excision, simple mastectomy, or skin-sparing mastectomy. These options have
different reconstruction options. Axillary staging with a SLB is a sensible
choice if mastectomy is carried out for DCIS and conservative procedures
because of the high number of invasive BC associated [15]. In case of a breast-
conservation surgery, RT is indicated afterwards to provide a boost to the sur-
gical site. As for DCIS, patients with treated PD are at a higher risk of devel-
oping any BC event in the future, which is why systemic therapy with tamox-
ifen is a viable option to be discussed with the patient.

14.3 Invasive Breast Cancer

According to the seventh edition of the AJCC cancer staging manual, the categories
of BC detailed in Table 14.2 can be identified [1]. Please also see Figs 14.4–14.6.
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Table 14.2 Categories of breast cancer as stipulated by the AJCC

pT1: Tumor 2 cm or less in greatest dimension
• pT1mi: Microinvasion 0.1 cm or less
• pT1a: More than 0.1 cm but not more than 0.5 cm
• pT1b: More than 0.5 cm but not more than 1 cm
• pT1c: More than 1 cm but not more than 2 cm

pT2: Tumor 2–5 cm across
pT3: Tumor greater than 5 cm across
pT4: Tumor of any size with direct extension to chest wall* and/or to skin (ulceration or skin

nodules)
• Pt4a: chest wall
• pT4b: ulceration, ipsilateral satellite skin nodules, or skin edema (including

peau d’orange)
• pT4c: 4a and 4b above
• pT4d: inflammatory carcinoma (diffuse, brawny induration of the skin with

an erysipeloid edge, usually with no underlying mass)
Regional lymph nodes (pN)

• Axillary (ipsilateral): interpectoral (Rotter) nodes and lymph nodes along the
axillary vein and its tributaries;

• Infraclavicular (subclavicular) (ipsilater);
• Internal mammary (ipsilateral);
• Supraclavicular.
Note: Intramammary lymph nodes are coded as axillary lymph nodes level I.
Note: Any other lymph node metastasis is coded as a distant metastasis (pM1) 
(cervical or controlateral internal mammary lymph nodes)

pNx Regional lymph node cannot be assessed 
pN0 No regional lymph node metastasis
pN0(sn) No sentinel lymph node metastasis

Isolated tumor cells (ITCs)
pN0(i-) No regional lymph node metastasis histologically, negative morphological 

findings (E&E) for ITC
pN0(i+) No regional lymph node metastasis histologically, positive morphological 

findings (E&E) for ITC
pN0(mol-) No regional lymph node metastasis histologically, negative non-morphological

(RT-PCR) findings for ITC
pN0(mol+)No regional lymph node metastasis histologically, positive non-morphological 

(RT-PCR) findings for ITC

ITCs in sentinel lymph nodes
pN0(sn)(i-)
pN0(sn)(i+)
pN0(sn)(mol-)
pN0(sn)(mol+)
pN1mic: Micrometastasis 

Larger than 0.2 mm and/or more than 200 cells, but none larger than 2 mm (Fig. 14.4)
• pN1a: Metastasis in 1–3 axillary lymph node(s)
• pN1b: Internal mammary lymph nodes with microscopic or macroscopic   

metastasis detected by sentinel lymph node biopsy but not detected  
clinically 

*The chest wall includes the ribs, intercostal muscles, and serratus anterior muscle but not the
pectoral muscle

(cont.) �
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Fig. 14.4 Axillary lymph-node involvement

Table 14.2 (continued)

• pN1c: Metastasis in 1–3 axillary lymph nodes and internal mammary lymph 
nodes with microscopic or macroscopic metastasis detected by sen
tinel lymph node biopsy but not detected clinically

• pN2a: Metastasis in 4–9 ipsilateral axillary lymph nodes
• pN2b: Metastasis in clinically detected internal mammary lymph node(s) in 

the absence of axillary lymph node metastasis
• pN3a: Metastasis in 10 or more axillary lymph nodes or metastasis in 

infraclavic lar lymph nodes
• pN3b: Metastasis in clinically detected internal mammary lymph node(s) in 

the pre ence of positive axillary lymph node(s)
• pN3c: Metastasis in ipsilateral supraclavicular lymph node(s)

Metastasis (M)
cM0: clinically no distant metastasis
cM1: distant metastasis clinically (e.g., colon cancer with liver metastasis based on CT)
pM1: distant metastasis proven microscopically (e.g., needle biopsy)
pMX does not exist; pM0 does not exist (except at autopsy)
If a cM1 (e.g., liver metastasis) is biopsied and is negative, it becomes cM0, not pM0
pM – distant metastasis
PUL Pulmonary
OSS Osseous
BRA Brain
LYM Lymph nodes
MAR Bone marrow
PLE Pleura
PER Peritoneum
ADR Adrenals
SKI Skin
OTH Others

Stage grouping
Combining the five categories of T for a hypothetical tumor with the three categories of N and
the two categories of M results in various categories of TNM. These can be condensed into a
smaller number of stages. The adopted stratification ensures (as far as possible) that each stage
is fairly homogeneous with respect to survival.
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Fig. 14.5 Percentage survival at 5 years according to size of primary tumor and number of nodes
involved. Material from AJCC Cancer Staging Manual (7th edition). Reproduced with permission
from the AJCC

Fig. 14.6 Survival according to AJCC stage. Material from AJCC Cancer Staging Manual (7th

edition). Reproduced with permission from the AJCC



14.3.1 Epidemiology

BC is the most common tumor in women; 1 out of 3 malignant tumors is a
breast carcinoma (29%). These poor statistics occur in all the age groups that
we have taken into consideration (0–49 years, 40%;� 40–69 years, 35%; >70
years,�20%).

The geographical distribution in Italy indicates a greater incidence in the
north (123/100,000 inhabitants) when compared with the center (103/100,000
inhabitants) and the south (87/100,000). These data reflect a probable differ-
ent distribution of risk factors as well as an uneven implementation of breast
screening. Moreover, ≈50,000 new cases are predicted in 2020 (with a percent-
age increase of 9.6%, and 500,000 new cases for 2030 (+15.6 %)).

The trend in mortality in 2011 showed that this was the main cause of death
in females (≈12,000). For >20 years, there has been a moderate (but continu-
ous) decreasing trend in mortality due to BC (≈1.7% per year). This is proba-
bly due to the effort to carry out early diagnosis of the disease and, undoubt-
edly, the consistent development in knowledge and treatment.

Finally, survival for 5 years from the diagnosis is on the increase; 81% for
women affected in 1994, 87% for women affected between 2000 and
2004;�specifically, 98% of those women with localized disease, 84% of those
women with locoregional disease; and 27% of those patients diagnosed with
and treated for diffused disease. 

The reported data, alarming when viewed in terms of incidence (especially
with regard to young women) is reassuring given the increase in survival.
These significant considerations can be attributed to various factors: 
• Diagnostic procedures and early diagnosis; 
• New interpretations of the disease;
• New principles of correlated treatment.

14.3.2 Diagnosis 

Technological progress has also affected diagnostic procedures. Identification
of a test (mammography) to build a research network (screening) in the female
population of a certain age range with the aim of achieving an early diagnosis
is the main factor for the increase in survival in invasive and non-invasive
cases. Conversely, there have been developments in equipment and its use in
diagnostic procedures.

Mammography is the best diagnostic test to study the mammary
gland.�Digital methodologies such as tomosynthesis are further improvements
of this methodology and refinement of obtained information. 

Ultrasound is widely used and is of fundamental importance for experts.
Among other developments, there are contrast agents and elastography. The
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latter is used to study axillary lymph nodes and, in particular, it is used by sur-
geons intraoperatively if localization of lesions is difficult.

In the last twenty years, MRI has been applied to the study of the breast.
However, its use in diagnostic pathways is often mistakenly defined. This
methodology, when staging breast tumors, can be of fundamental importance
if supported by other imaging methodologies, clinical evaluation and preoper-
ative histological findings to evaluate the type and scale of surgery, assessment
of the response to medical therapy, reconstructive surgery and follow-up [16]. 

14.3.2.1 What to Expect from the MRI and Other Imaging Methods 
1. Local staging: 

• Location and size;
• Multifocality;
• Multicentricity;
• Bilaterality;
• Assessment of the intraductal component in DCIS;
• Assessment of infiltration in DCIS;
• Assessment of DCIS extension and grading;
• Assessment of borderline lesions (e.g., ADH, LCIS) for surgical indica-

tions.
2. Study of lymph-node involvement;
3. Study of the response to primary systemic therapy (timing, spatial defini-

tion of progression or reduction, modality of spatial reduction, choice of
surgical approach) [17];

4. Evaluation of “possible” local relapse after QUART 
5. Identification of primary occult cancer in case of axillary lymph-node

metastasis (CUP syndrome) [18];
6. Study of the anatomical relationship between neoplasia and the mammary

gland (skin, nipple) when planning surgery; 
7. Measurement of mammary volume to design esthetic and/or reconstructive

surgery (choice of implant, type, shape and size, with the availability of
three-dimensional reconstruction of images); 

8. Assessment of prosthetic implant (breaking, rotation of residual glands).

14.3.3 Pathology: from Morphological Data 
to Molecular Classification 

The last 15 years have been characterized by appreciable advances in the patho-
logical understanding of invasive BC. In particular, morphological data have
been supported by the development of biomolecular assessments. Identification
of the new biological aspects of invasive BC has been critical for the therapeu-
tic approach (locoregional and systemic) (Tables 14.3 and 14.4).
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14.3.4 Surgery

A historical breakthrough in the surgical treatment of BC was made in the
1980s. Thanks also to the Italian School [19–21], the entire manner of treating
BC has been revolutionized; “from the maximum tolerable treatment to the
least effective treatment”, conservative surgery as treatment for BC went
beyond purely surgical facts and became a new philosophy, as well as a new
way of handling and approaching patients. 
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Table 14.3 Histologic classification of breast cancer

• Carcinoma, NOS (not otherwise specified)
• Ductal

intraductal (in situ)
invasive with predominant intraductal component
invasive, NOS
comedo
inflammatory
medullary with lymphocytic infiltrate
mucinous (colloid)
papillary
scirrhous
tubular
other

• Lobular
in situ
invasive with predominant in situ component
invasive

• Nipple
Paget’s disease, NOS
Paget’s disease with intraductal carcinoma
Paget’s disease with invasive ductal carcinoma

• Other
undifferentiated carcinoma

Table 14.4 Molecular classification of the subtypes of breast cancer

Luminal A ER- and/or PgR-positive
HER2-negative
Ki-67 low (<14%)

Luminal B (1) ER- and/or PgR-positive
HER2-negative
Ki-67 high

Luminal B (2) ER- and/or PgR-positive
Any Ki-67
HER2 overexpressed or amplified

Erb-B2 overexpression HER2 overexpressed or amplified
ER and PgR absent

Basal-like “Triple negative (ductal)”
ER and PgR absent
HER2-negative



The following years brought scientific confirmation and the consolidation
of ideas. The conservative cycle initially focused on glandular surgery (breast-
conservation therapy (BCT), and later responsible of influencing another
oncological dogma–axillary lymphadenectomy–by introducing SLNB. Later it
enrolled RT, which became increasingly partial breast irradiation (PBI), intra-
operative or postoperative. Finally, oncoplastic surgery and conservative mas-
tectomy, a step closer to less aggressive surgery, customized to individual
cases, based on the instrumental, pathological or clinical data, and discussed
and agreed with the patient. Therefore, the key points of surgical treatment are: 
• Detailed study of the disease (imaging, histological and biological assess-

ment) and of the patient;
• Choice of surgical treatment discussed and agreed with the patient;
• Local tumor control 

centering of lesion 
complete removal with free margins 
correct sending of surgical specimens to the pathologist (patient details,
orientation of piece, specimen fixation);

• Esthetic (functional result).
The indications for BCT are:
• T <3 cm, N0–1a;
• No multifocality or multicentricity;
• Good esthetic results as expected; 
• Easy access to RT;
• Availability of follow-up.
The absolute contraindications are:
• I and II trimesters of pregnancy;
• Multicentricity;
• Previous RT;
• Persistent positive margins after surgical treatments.

These are the “historical” indications for conservative surgery. Studies
throughout these years, and the confirmations obtained through data, have
led to revisiting clinical cases in which conservative surgery could be used
to add innovative oncoplastic surgical methods: large tumors (T2 lesions),
tumors with an extensive intraductal component, lobular histology, risk of
close margins, and an unfavorable ratio between breast volume and tumor
size [22–24].

The term “oncoplastic surgery” denotes integration of the principles and
methods of oncological surgery with those of plastic surgery according to rad-
ical local treatment with excellent esthetic and functional outcomes [25, 26].

Oncoplastic surgery methodologies are commonly used for patients who
undergo major resection of the breast gland (25–40 %), patients who in the
past would undergone radical surgery. There are numerous methods that
require a learning curve and may be employed collaboratively in a multidisci-
plinary team.

The indications for an oncoplastic approach are shown in Table 14.5. 
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The choice of method is linked to the location, size and characteristics of the
breast, the patient’s requests, the need for symmetry, and previous interven-
tions. Often, the choice is linked to the habits and knowledge of the medical
team.
Oncoplastic techniques mainly consist of:
• Volume-displacement procedures: breast-conservation surgery with

parenchymal remodeling based on tumor location;
• Volume-replacement procedures: breast-conservation surgery with adjacent

or distant tissue transfer (latissimus dorsi flap, lateral thoracic flap).
We will not provide here a detailed description of the individual surgical

methods. Instead,�a personal classification of oncoplastic methods will be pre-
sented and the reader should refer to the individual cases for further informa-
tion (Table 14.6). 
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Table 14.5 Indications for an oncoplastic approach to breast-conservation therapy

• Oncologic
Wide excision required;
Gain clear margin;
Poor indication for radiotherapy and/or mastectomy with reconstruction (age, large breast,
comorbidity);
Patient desires to keep her breast.
• Cosmetic
High tumor/breast ratio (>20%);
Tumor location: central, inferior, medial;
Tumor size;
Patient desires volume reduction.

Table 14.6 Classification of oncoplastic surgical procedures

A. Breast-conservation surgery without NAC recentralization
Local glandular flaps

B. Breast-conservation surgery with NAC recentralization
Inferior pedicle mammoplasty
Superior pedicle mammoplasty (inverted T-scar)
V or J-mammoplasty
Horizontal mammoplasty (batwing mastopexy)
Racqet technique
Grisotti flap (advancement and rotation)
Round block technique (Benelli)

C. Breast-conservation surgery and reconstruction with autologous tissues 
Local flaps
Rhomboid flap
Lateral thoracic flaps
- TDAP (thoraco-dorsal artery perforator)
- Lateral thoracic flap/ Subaxillary flap
- Intercostal perforator flap
- Segmental latissimus dorsi (miniflap)

(cont.) �



14.3.4.1 Conservative Mastectomies 
Conservative mastectomies (skin-sparing mastectomy, SSM, skin-reducing
mastectomy, SRM, and nipple-sparing mastectomy, NSM, are at the forefront
of conservative surgery. Actually, this is the implementation of a conservative
attitude in radical surgery. In reality, NSM (or NAC-sparing mastectomy)
leaves behind old concepts preserving the NAC, and is thought as represent-
ing the foremost feature in oncoplastic surgery with oncological radical sur-
gery and excellent esthetic results. It is not a new type of surgery, rather it is
the revisiting of an old surgical technique with oncological purposes: the sub-
cutaneous mastectomy. The indications for conservative mastectomies are
shown in Table 14.7.

This type of surgery involves attentive and thorough assessment of the case
and patient, in particular regarding:
• Lesion size, histology and location;
• Staging of the disease and anamnestic data of chemotherapy;
• Breast size and degree of ptosis;
• Comorbidities (diabetes, tobacco smoking, vascular disease);
• Physical status (ability to walk, weight, BMI);
• Characteristics of the tissue (areola, skin, muscles);
• Assessment of the contralateral breast;
• Assessment of flap donor areas; 
• Environment.
The reconstruction time may be as follows:
• Single-stage with a permanent implant; 
• Double-stage with expander;
• Single-stage with a permanent implant and biological (e.g., acellular der-

mal matrices, ADM) synthetic mesh;
• With autologous flaps;
• With fat transplantation.
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Free flaps
- DIEP (deep inferior epigastric perforator) 
- SIEA (superficial inferior epigastric artery)
- SGAP (superior gluteal artery perforator)
- IGAP (inferior gluteal artery perforator)
- TMG (transverse myocutaneous gracilis)
- Free TRAM (transverse rectus abdominis myocutaneous)

D. Conservative mastectomies
Skin-sparing mastectomy
Nipple-sparing mastectomy
Skin-reducing mastectomy

E. Breast-conservation surgery and reconstruction with fat trasposition

Table 14.6 (continued)



14.3.5 Complications 

The main complications of BC surgery are listed in Table 14.8.
We must remember that breast conservation is a priority for patients with

BC. Most women who undergo mastectomy could be candidates for an NSM,
but the applicability of NSM must not increase the number of mastectomies.

NAC-sparing mastectomy seems to be a further step in the conservative
procedure of BC treatment; it is highly difficult but difficulties can be over-
come with an adequate period of training. We must highlight the necessity for
a scrupulous choice of cases, careful design of surgery, which is discussed and
agreed with the patient who has been informed of all difficulties (some of
which are still present) regarding this innovative surgical procedure.

The results are very reassuring from an oncological viewpoint, excellent
from an esthetic perspective, and preservation of the NAC enhances the recon-
structive result. 
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Table 14.7 Indications for conservative mastectomies

A. Oncologic
• Multifocal DCIS;
• Multifocal and multicentric T1 and T2; 
• T1 with extensive intraductal component (EIC)
• Margin involvement after conservative surgery;
• High tumor/breast ratio;
• Relapse post-QUART; 
• Patient refuses BCT; 
• Patient refusal or impossibility of radiotherapy;
• Difficulty for follow-up after conservative surgery.

B. Prophylactic
BRCA1/BRCA2 (risk reduction, 81–96%);
Opposite breast;
LCIS;
ADH?
Papillomatosis?
Phyllodes tumor?

C. Contraindications
• Tumor distance <2 cm from NAC in mammography or RM studies;
• Nipple retraction;
• Subareolar microcalcifications;
• Bleeding from the nipple;
• Skin involvement;
• T3, T4;
• Inflammatory disease;
• Paget’s disease;
• N+ ??
• Distance from the nipple to the infra-mammary fold >8 cm;
• Large breast ( >400 cm3);
• Intraoperative histologic involvement of retroareolar tissue.



14.4 The Problem of the Axillary Lymph Nodes 

Removal of the axillary lymph nodes has always been involved in BC surgery.
The rationale for the removal of the axillary lymph nodes lies in optimization
of the locoregional blockage of the disease and, specifically, the achievement
of effective staging that makes it possible to carry out a prognostic and deci-
sion-making assessment on adjuvant postoperative treatment.�

For years, axillary staging was the key parameter of reference in deciding
postoperative systemic treatments. Today, lymph-node data (although still rel-
evant) form a part of a set of biopathologic elements (ER and PgR, Ki-67,
HER2, grading, size of tumor, menopausal status) that determine assessment
of the disease and the implications for treatment.

Up to the end of the 1990s, lymph-node status was entrusted to radical axil-
lary dissection regardless of the characteristics (T, N) of the tumor. Thanks to
mammographic screening and awareness gained by the female population,
≈80% of patients reach surgery with a small invasive tumor with a probability
of lymph-node metastases amounting to ≈25%. Consequently, ≈75% of the
removals of the axillary lymph nodes that used to be carried out in these cases
was ineffectual. 

Introduction of SLNB has taken conservative surgery a step further.SLNB
is standard in procedures on axillary lymph nodes in females with invasive
breast tumors�[27, 28].
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Table 14.8 Main complications of breast cancer surgery 

1 Minor
cyanosis/hypopigmentation of the NAC;
localized infection;
2 Major
NAC ischemia (in 30%);
NAC necrosis;
flap necrosis (more frequent if risk factors such as diabetes and smoking are present (5–8%));
seroma
bleeding/hematoma;
implant infection (2.8–15 %).
3 Late
extended and retracted scar;
nipple or skin area retraction; 
bad positioning/displacement of the NAC;
changes in the sensitivity and erectile function of the nipple;
capsular retraction;
bad positioning of the implant;
rotation of the implant;
evident breast asymmetry; 
cancer recurrence (4–5%).



The SLN can be defined as the first axillary lymph node that receives
lymph from the breast. Its identification is carried out with subcutaneous inoc-
ulation of albumin aggregates marked with radioactive technetium in the peri-
areolar region. Identification of the sentinel lymph node in the axilla is
92–98% with a correlation of 97.5–100% between the SLNB and complete
ALND. The rate of false negatives is 8.8% when ALND is considered to be the
“gold standard”.

If the sentinel lymph node is positive, there is a ≈40% chance of other
lymph node metastases.�The in-depth study of sentinel lymph nodes has led to
the characterization of other pathological features of axillary lymph nodes
besides negative or metastatic lymph nodes, such as lymph node with ITC
(isolated tumor cells), micro-metastatic or metastatic.

The prognostic significance of micro-metastasis in lymph nodes is not
well-defined: numerous studies have been carried out, but often using very
few cases and non-homogeneous treatment. The impression (which has to be
validated) is that there are no significant differences between disease-free sur-
vival and overall survival in patients who have undergone a second ALND and
patients who have started the follow-up. A recent study carried out by Giuliano
et al., (ACOSOG-Z0011) who hypothesized that abstention from axillary dis-
section should occur even in the presence of metastatic sentinel lymph nodes,
has caused controversy as well as doubts and, perhaps, may encourage danger-
ous developments. Nevertheless, guidelines (FONCAM 2005, ASCO 2005)
suggest that axillary dissection in cases of micro-metastatic and macro-
metastatic cancer is warranted�[29, 30]. Therefore, the action might be:
• sentinel lymph node ITC + no axillary dissection;
• sentinel lymph node with micro-metastasis: no axillary dissection?
• metastatic sentinel lymph node: axillary dissection or send to follow-up after

deepening of single case features within a multidisciplinary team meeting.

14.5 Conclusions

“…the breast surgeon must be able to offer every woman with breast cancer:
• The option of preserving the breast;
• The option of undergoing conservative mastectomy;
• The correction of asymmetry or size defect;
• More and more advanced reconstructive surgical techniques…” [32].
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15.1 Definition and Epidemiology

One century ago, a cancer diagnosis was almost always a “death sentence” but
today it does not have to be. Lung cancer accounts for 12.6% of all new can-
cers and ≈20% of all cancer deaths. It remains one of the most common malig-
nancies, accounting for 20% of all cancers in men and 12% of all cancers in
women. The risk of lung cancer is about fourfold greater in men than in
women, and this increases with age. In the European Union, the incidence of
lung cancer is 7 per 100,000 for men and 3 per 100,000 for women at the age
of 35 years but, in patients aged >75 years, the rates are 440 and 72 in men
and women, respectivelly. 

Wide geographical variations in the incidence of lung cancer have also
reported, and this is primarily related to worldwide variations in smoking
behavior [1]. Smoking cigarettes is by far the dominant risk factor in patients
with lung cancer, accounting for 90% of lung cancers in men and ≈80% of
cases in women. The relationship between smoking and lung cancer mortality
was first established by Doll and Hill [2]. Occupational exposure to asbestos
has also been shown to increase the risk of lung cancer, particularly with
amphibolic forms of asbestos. Exposure to the following carcinogens has also
been associated with an increased risk from lung cancer: radon, arsenic, beryl-
lium, bis-choromethyl ether, cadmium, chromium, nickel, polycyclic aromat-
ic hydrocarbons and vinyl chloride. Unlike routine early-detection tests for
other neoplasms, screening for lung cancer is not recommended by any major
health organization, including the American Cancer Society, the National



Cancer Institute, or the American Medical Association [2]. However, recently,
several studies focusing on lung-cancer screening have been started in differ-
ent institutions.

15.2 Presentation

Because the symptoms for lung cancer are not specific and can usually be
explained by other common conditions, the disease sometimes goes undetect-
ed or is misdiagnosed. This is why the medical history of the individual—age,
smoking history, family history and occupational exposure—is particularly
important in diagnosing lung cancer and should always be brought to the
physician’s attention. The symptoms of lung cancer are varied because of very
different causes: local growth, intrathoracic extension, para-neoplastic syn-
dromes and distant spread [3].

15.2.1 Local Growth

The most common symptoms due to local disease are chronic cough with or
without sputum production. Hemoptysis frequently prompts patients to visit
their physician and is a presenting feature in ≤50% of cases. Chest pain is a
common feature and may vary from dull, vague pain on the side of the tumor
or more severe pain due to invasion into the chest wall or mediastinum. Local
invasion of adjacent structures such as ribs and vertebral bodies by the tumor
may also cause severe persistent pain. Recurrent focal pneumonia and segmen-
tal pneumonia suggest an obstructive lesion in the airways and should prompt
further investigation. Unilateral wheezing can be a less common feature of an
obstructive bronchial tumor. Stridor may occur if there is tracheal involvement.

15.2.2 Intrathoracic Extension

Extension of lung cancer to adjacent structures may also lead to symptoms and
signs. Breathlessness and chest pain may be caused by pleural or pericardial
involvement. The subsequent pleural or pericardial effusions may cause
breathlessness and, in the case of pericardial involvement, may also lead to
cardiovascular compromise. Right upper lobe tumors or adjacent mediastinal
nodes may invade or externally compress the superior vena cava (SVC) and
≈10% of patients with small-cell lung cancer (SCLC) present with a relative-
ly classical SVC syndrome. Apical tumors may also extend to involve the
superior sympathetic chain, leading to a Horner’s syndrome. Involvement of
the and brachial plexus can cause pain in the shoulder and neck with atrophy
of the small muscles of the hand. Left-sided tumors may compress the recur-
rent laryngeal nerve as it courses above the aortic arch, leading to a hoarse

256 F. Davini et al.



15 Pulmonary Malignancies 257

voice and left vocal cord paralysis. Direct tumor invasion or enlarged medi-
astinal nodes may cause esophageal compression and hence dysphagia. If the
tumor damages one of the nerves that controls the diaphragm, that part of the
diaphragm may become paralyzed. 

15.2.3 Paraneoplastic Syndromes

Paraneoplastic syndromes are present in 10–20% of patients with lung can-
cers, and are usually due to the ectopic production of hormones or peptides.
These patients can present with vague symptoms (e.g., tiredness, nausea,
abdominal pain or confusion) or more specific symptoms (e.g., galactor-
rhoea). Ectopic hormone production is more common in SCLS and some of
the cells show neuroendocrine characteristics. Digital clubbing with hyper-
trophic pulmonary osteo-arthropathy (HPOA) is considered a non-metastatic
manifestation of lung cancer. Peripheral neuropathy and neurological syn-
dromes such as Lambert–Eaton myasthenic syndrome may also be associated
with lung cancer. 

15.2.4 Distant Spread

A decrease of weight of >20% of baseline body weight in the preceding month
is often indicative of metastatic disease. Lung cancer also frequently spreads to
the adrenal glands, bone and brain. Involvement of these sites may cause local-
ized pain. Bone metastases occur usually in the ribs, vertebrae, humeral and
femoral bones. With brain metastases there may also be neurological symp-
toms, such as confusion, personality changes and epileptic seizures.
Supraclavicular and anterior cervical lymph nodes may be involved in ≤25% of
patients, and should be assessed routinely in the evaluation of lung cancer [2]. 

15.3 Pathology

There are many types of lung cancer, each with its own appearance, typical
causes, and patterns of growth. Until more is known about the genetic origin
of lung cancer cells, lung cancers are divided into two main categories based
on the size and appearance of the cells: SCLC and non-small-cell lung cancer
(NSCLC). Traditionally, squamous cell carcinoma has the strongest associa-
tion with tobacco smoking, followed by small-cell carcinoma and adenocarci-
noma. However, the association with adenocarcinoma has become stronger
over time, and this histological subtype has become the most common type in
many western countries. Histological subtyping (particularly the distinction
between SCLC and NSCLC) is a dominant and independent prognostic indi-
cator. With the identification of different tumor types and their presumably



different disease pathways, there is hope for the development of new therapeu-
tic strategies. The classification escribed below is based on the World Health
Organisation classification of lung tumors and divides tumor groups according
to their most common location on computed tomography (CT) [4].

15.3.1 SCLC

SCLC is also called “oat cell carcinoma” because the cells resemble oats under
the microscope. It is the type of cancer found in ≈20–25% of people with lung
cancer (almost always in smokers). SCLC usually develops in the secretory
cells (neuroendocrine cells) that line the bronchial airways. Therefore, SCLC
tumors can produce hormones and cause paraneoplastic syndrome (e.g.,
Cushing’s syndrome). The cells in SCLCs divide rapidly (volume doubling
time: 29 days). SCLC is a particularly aggressive form of cancer that spreads
quickly and usually involves multiple tumors throughout the lung. By the time
the diagnosis is made, the cancer may have spread to the lymph nodes in the
center of the chest (mediastinal nodes), in the neck and above the collarbone
(supraclavicular nodes), and in the abdominal cavity. It may even have spread
through the bloodstream, liver, lungs, brain, and bones. 

15.3.2 NSCLC

NSCLC includes several forms. Some grow as quickly as SCLC, but the usual
doubling time is 30–180 days. Hence, NSCLC is more often confined to the
chest at the time of the diagnosis [5].

15.3.3 Pre-invasive Lesions: Squamous Dysplasia 
and Carcinoma In Situ

Squamous dysplasia and carcinoma in situ are defined as precursor abnormal-
ities for squamous cell carcinoma that may occur as single or multifocal
lesions existing as foci of isolated disease or accompany invasive carcinoma.
Another lesion worthy of mention is atypical adenomatoid hyperplasia (AAH):
it is a localized peripheral lesion (usually measuring <5 mm in diameter), char-
acterized by the proliferation of atypical cells lining the alveoli, generally in
the absence of underlying interstitial inflammation or fibrosis. 

15.3.4 Squamous Carcinoma

Squamous carcinomas usually present as hilar, perihilar or mediastinal masses
with or without lung collapse and mediastinal shift. Squamous carcinoma is
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the most common cell type to show cavitation, more frequent in elderly men
who smoke or who have smoked. 

15.3.5 Large Cell Carcinoma

Large cell carcinoma (10% of all lung cancers) is defined as a malignant
epithelial neoplasm lacking the cytological features of small cell carcinoma
and glandular or squamous differentiation. Most tumors are peripheral, with
the notable exception of the basaloid form. 

15.3.6 Adenocarcinoma

Adenocarcinoma begins in the smaller airways and the alveoli. It affects non-
smokers most frequently, but is on the increase among smokers.
Adenocarcinoma presents as peripheral nodules measuring <4 cm in diameter.
On CT, “solid” nodules, ground-glass opacities and combined solid/ground-
glass opacities are all recognized patterns. 

One distinct type of adenocarcinoma is bronchoalveolar carcinoma, which
causes mucus-producing cells to proliferate on the walls of alveoli. Unlike
other adenocarcinomas, it usually involves multiple tumors. It grows slowly,
with a dividing time of ≥180 days. A solid peripheral nodule is by far the most
common, but central or endobronchial tumors also occur. Adenocarcinomas
can preferentially invade and disseminate along the pleura, thus mimicking the
features of malignant pleural mesothelioma. 

15.3.7 Adenosquamous Carcinoma

Adenosquamous carcinoma is defined as carcinoma showing squamous and
glandular differentiation with each component comprising ≥10% of the tumor.
These tumors appear to have a dismal prognosis, with an overall 5-year sur-
vival rate of ≈20%.

15.3.8 Sarcomatoid Carcinoma

Sarcomatoid carcinoma is rare, but can present as central or peripheral nod-
ules. It is a malignant epithelial neoplasm that has undergone divergent mes-
enchymal differentiation and has a worse prognosis than other non-small-cell
carcinomas.
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15.3.9 Combined Small-Cell Carcinoma

Combined small-cell carcinoma is a small-cell component seen together with
any non-small-cell cancer, most commonly adenocarcinoma, squamous cell
carcinoma or large cell carcinoma. Direct tumor spread is often seen as sub-
mucosal extension and intralymphatic spread. 

15.3.10 Endobronchial Tumours (Carcinoid, Typical and Atypical)

Carcinoid tumors are defined as epithelial tumours showing a particular growth
pattern that suggests neuroendocrine differentiation. Carcinoid tumors are
divided into two types: “typical” carcinoid (in which there are <2 mitoses per
10 high-power field (HPF) and no evidence of necrosis) and “atypical” carci-
noid (containing >2 mitoses per 10 HPF and/or foci of necrosis). Although the
common perception is that carcinoid tumors are endobronchial lesions, typical
carcinoids may be found at any site in the lungs, and atypical carcinoids are
more commonly found in the periphery. Half of all carcinoids are incidental
findings. Carcinoid tumors have traditionally been regarded to be benign
lesions. However, 10–15% of typical carcinoids metastasize to regional lymph
nodes at presentation and ≤10% may eventually metastasize to distant sites
such as the liver and bone. Fortunately, typical carcinoids are associated with
an excellent prognosis (10-year survival rate: 82–95%). In stark contrast, atyp-
ical carcinoids have a significantly worse 10-year survival (35–59%) [6]. 

15.3.11 Salivary Gland-Like Tumors

Salivary gland-like tumors comprise mucoepidermoid, adenoid cystic and
epithelial–myoepithelial carcinomas. They are rare and usually present with a
prominent endobronchial component. There is no documented link with smok-
ing and, overall, they follow an indolent course with multiple local recurrences
before metastases occur. The only exception is with high-grade mucoepider-
moid carcinoma, which tends to behave similarly to other non-small-cell car-
cinomas. 

15.4 Diagnosis

Because the early symptoms of lung cancer can be so different from one per-
son to the next and can be explained by other, more common, conditions, lung
cancer usually goes unnoticed. The diagnosis of lung cancer is a multistep
process. It starts with a physical examination. If cancer is suspected, addition-
al tests are employed to confirm the diagnosis, including non-invasive (imag-
ing) and invasive procedures (biopsy).
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15.4.1 Imaging 

A chest radiograph is the most common, simple imaging study done if a lung
disease is suspected. It helps to dectect the tumor and abnormal widening of
the mediastinum (which may suggest a tumor or lymphoadenopathy). A radi-
ograph may also show signs of pneumonia by detecting fluid around the lungs,
or even bone abnormalities. The use of CT (also called computed axial tomog-
raphy (CAT)) provides more detail than a radiograph. Unlike radiographs and
CT, which detect body structures, positron emission tomography (PET) high-
lights areas where sugar metabolism is high. Because rapidly growing cells—
such as cancer cells—take up sugar more quickly than other cells, the areas
highlighted by PET could very possibly be tumoral. Several studies have
shown that PET can detect metastases that other standard procedures had
missed, and can determine the stage of the cancer, avoiding the need for more
invasive procedures [7]. To ascertain if the cancer has spread to other areas, it
is extremely important to define the best treatment option. New equipment can
carry out CT scan and PET simultaneously, providing more information more
quickly [2]. 

15.4.2 Biopsy

Imaging methods reveal the location and other features of a tumor, but it is
necessary to carry out a biopsy to determine with certainty that the tumor is
cancer. Depending on the size and location of the tumor, the physician will
choose the most appropriate of the following methods. 

Flexible bronchoscopy allows the physician to see the inside of the bronchi
and take samples of tissue and sputum to confirm lung cancer and determine
its type. This test is recommended if CT has shown a suspicious mass in the
central part of the lungs. Fine-needle aspiration is used mainly to study periph-
eral tumors located closer to the chest wall. Using CT or ultrasound to locate
the suspect area, the surgeon or radiologist inserts a very thin, hollow needle
between two ribs into the lung, sucking some of the cells into a syringe
attached to the needle. Mediastinoscopy consists of insertion of a medi-
astinoscope through a small incision made at the base of the neck just above
the breastbone. By biopsy forceps, the surgeon can collect tissue samples from
lymph nodes to check for cancer and simultaneosuly assess nodal involvement
to better define the disease stage. If the tumor is near the surface of the lung,
a thoracoscopy can be used to carry out an excisional biopsy of the lung or
nodal sampling. Unfortunately, thoracoscopic localization of small and central
nodules into the lung may be difficult. A few localization methods have been
described: preoperative (vital or blue dye, fluoroscopy-aided, needle wire) or
intrathoracoscopic (finger palpation, intrathoracoscopic ultrasound, radio-
guided surgery). Patients with pulmonary nodules smaller than 1 cm and/or
deeper than 1 cm below the visceral pleura undergo CT-guided injection of a
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solution composed of 0.2 mL (99)Tc-labeled human serum albumin micros-
pheres and 0.1 ml non-ionic contrast into the nodule. During the thoracoscop-
ic procedure, a collimated probe connected to a gamma ray detector is intro-
duced to image the lung surface. The area of major radioactivity, which match-
es with the area of the nodule, is resected [8]. Once lung cancer has been con-
firmed, the next step is to determine which type of lung cancer it is, which
grade it is, and which stage it has reached. This information is a very impor-
tant part of the diagnosis because it will guide the choice of treatments.

15.4.3 Staging 

Staging is the process of determining how far a cancer has spread. Stage I is
early cancer: in this stage, cancer is found only within the lung. Stage IV is the
most advanced stage: the tumor has metastasized to other parts of the body.
Staging is determined by imaging and biopsies. The stage of the disease is the
most important indicator of the prognosis. Uniform criteria for reporting the
findings of clinical and/or pathological evaluation are important in the initial
management of patients with NSCLC. The staging system is based on three
factors: the size and location of the tumor (T), the extent of lymph-node
involvement (N) and presence or absence of metastases (M). The treatment of
choice for NSCLC in the absence of disseminated disease is resection. The pri-
mary aim of staging is thus to determine if a tumor can be completely removed
by surgery; clear surgical margins in resection specimens and the absence of
tumor cells in resected lymph nodes being the prime determinants of local
recurrence and survival. 

For the purposes of staging, lung cancer is divided into NSCLC and SCLC
types, reflecting the significant differences in natural history and the response
to therapy. The International Staging System for NSCLC stratifies disease
extent in terms of prognosis and is based on the TNM grading of the primary
tumor, regional nodes and distant metastases which was revised very recently.
Resection is indicated for early stage (I, II, selected IIIA) disease, whereas
chemotherapy and radiotherapy are used for more advanced disease. The
mainstay of surgical therapy remains anatomic lobectomy with complete
mediastinal lymph-node dissection, provided the patient can physically toler-
ate this procedure. Recent developments in the care of patients with resectable
lung cancer include adoption of adjuvant chemotherapy for patients with com-
pletely resected stage II–III disease, the importance of resection in the multi-
modal therapy regimen for stage IIIA NSCLC, as well as the use of induction
chemoradiotherapy for tumors of the superior sulcus. With increasing use of
low-dose screening CT for individuals thought to be at high risk for the devel-
opment of lung cancer, the discovery of much smaller tumors is increasing in
frequency, and further studies are necessary to establish the standard of care
for these lesions [9].
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15.5 New Developments in Thoracic Surgery

15.5.1 Robotic Surgery

In the past two decades, there has been a revolutionary transition in surgical
methods and technology with minimally invasive approaches. Many advan-
tages have been obtained by using video-assisted thoracic surgery (VATS):
less pain and trauma, shorter hospitalization, better cosmetic results. In tho-
racic surgery, compared with conventional thoracotomic procedures, few stud-
ies have suggested improvements in earlier discharge from hospital, in postop-
erative pain control, lower levels of perioperative inflammatory cytokines,
lower complication rates, and earlier return to normal activities. Moreover,
limitations of VATS lobectomy remain due to impaired vision, restricted
manoeuverability of instruments, poor ergonomics for the surgeon, and unsta-
ble camera platforms. Some of the more prominent limitations involve the
mechanical and technical nature of the equipment, such as two-dimensional
(2D) imaging, unsteady camera platforms and limited manouverability of
instruments due to the rigid shaft axis fixed to the thorax by the trocar.  This
implies an unnatural surgical feel with hands, and misaligned and fixed instru-
ment tips inside the patient together with inverted movements. Robotic-assist-
ed minimally invasive surgery represents an extraordinary technological
advance for a wide range of procedures traditionally requiring open surgery.
By enabling surgeons to undertake complex procedures through small inci-
sions, the surgeon’s hand movements are scaled and filtered to eliminate hand
tremor, which are then translated into micro-movements of the proprietary
instruments. These improved ergonomic conditions and instrument mobility at
distal articulations seem beneficial in thoracic procedures. 

Different types of robotic devices are used, but the da Vinci™ Robotic
System represents the only complete surgical system applied in a wide range
of surgical procedures. Robotic pulmonary lobectomy was first carried out in
2002. Subsequently, other centers confirmed that this method is feasible and
safe (even though technical differences from various centers have been report-
ed [10, 11]).

15.5.1.1 Robot Features
Surgical Robot System (Master–Slave Manipulator) 
The da Vinci Robotic System is the only complete surgical robot system that
can overcome some of the limitations of conventional minimally invasive sur-
gery (Fig. 15.1). The da Vinci System is a sophisticated robotic platform
designed to expand the surgeon’s capabilities and, for the first time, offer a
minimally invasive option for major surgery. Small incisions are used to intro-
duce miniaturized wrist instruments and a high-definition three-dimensional
(3D) camera. Seated comfortably at the da Vinci console, the surgeon views a
magnified, high-resolution 3D image of the surgical site. Simultaneously,
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state-of-the-art robotic and computer technologies scale, filter and seamlessly
translate the surgeon’s hand movements into precise micro-movements of the
da Vinci instruments. This system comprises three main parts:
• Surgeon console is controlled by the surgeon. It is connected to a surgical

manipulator with three instrument arms and a central arm to guide the
endoscope. Two master handles at the surgeon’s console are manipulated
by the user. The position and orientation of the surgeon’s hands on the han-
dles trigger highly sensitive motion sensors which transfer the surgeon’s
movements to the tip of the instrument at a remote location. 

• Surgical cart (of which three arms directly carry out the procedures) pro-
vides three degrees of freedom (pitch, yaw, insertion). Attached to the robot
arm is the surgical instrument, the tip of which is provided by a mechani-
cal cable-driven wrist (EndoWrist®). This adds four more degrees of free-
dom (internal pitch, internal yaw, rotation and grip). 

• Vision system: The computer system which controls the entire system
resides in the surgeon console. The surgical instruments with EndoWrist
move like human hands by artificial articulation, and visualization
through a high-quality 3D endoscope is optimal. This system provides sur-
geons with intuitive translation of the movement of the instrument handle
to the tip, thereby eliminating the: mirror-image effect; scaling; tremor fil-
tering; and coaxial alignment of the eyes, hand and tooltip image. An
internal articulated endoscopic wrist provides an additional three degrees
of freedom. 
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Instruments
EndoWrist instruments are designed to provide surgeons with natural dexteri-
ty and a full range of motion for precise operation through tiny incisions.
EndoWrist instruments provide enhanced dexterity thanks to a great range of
motion that allows precision and control. The features of the instruments are:
seven degrees of freedom, 90° of articulation, intuitive motion and fingertip
control, motion scaling and tremor reduction (Fig. 15.2). 

Dual-console surgical system
The newly refined da Vinci Si Surgical System includes a dual console used
for training and collaboration. During a dual-console operation, each surgeon
sits at his/her individual console and can see the same high-definition images
of the anatomy from the 3D endoscope (flexible tube with a camera and light
at the tip). If the dual console is used for training, control over instruments can
be readily and quickly exchanged during surgery. Hence, the tutor surgeon can
handover control of the instruments to the resident at any time. This enables a
see-and-repeat model of instruction designed to accelerate the learning curve.
For collaborative surgery with the dual console, two surgeons can operate in
concert. While one surgeon undertakes the primary tasks of the procedure, the
second surgeon can assist with another task (e.g., retraction) (Fig. 15.3). 
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Procedures
Currently, the indications for robotic lobectomy are strictly defined: patients
must be in clinical stage I with a negative mediastinoscopy and without evi-
dence of other pulmonary lesions on CT. This method is not recommended for
tumors >4 cm because the ribs have to be spread excessively to retrieve the
specimen. Single-lung ventilation is required. The general standards of moni-
toring are as for a major thoracotomy. Patients are prepared and draped for a
thoracotomy (posterolateral thoracotomy) with the operating table flexed at
30° at the level of the scapula tip so that the procedure can be converted in the
event of intraoperative complications such as bleeding or for technical rea-
sons. Insufflation of low-pressure of carbon dioxide (5–8 mmHg) into the
pleural cavity can be useful to facilitate lung collapse and wash out intrapleur-
al smoke. Robotic lobectomy follows the standard steps of open thoracic sur-
gery and implies the isolation and resection of the vascular and bronchial hilar
elements. Usually, the artery is dealt with before the vein and eventually the
bronchus is transacted, but priorities are not set strictly. Robotic technology
has added certain advantages in minimally invasive thoracic surgery for
anatomic lung resection (especially pulmonary lobectomy). Minimally inva-
sive lobectomy for early-stage lung cancer is entering daily clinical practice.
In part it is due to the detection of lung cancer at smaller sizes thanks to
screening programs. In part it is due to advances in minimally invasive tech-
nology, with the development of robotic systems. Only a few robotic lobec-
tomies have been carried out. Consequently, few surgeons have experience in
this field. 

Although this method is evolving and larger series are required, some stud-
ies have demonstrated that robotic procedures may have advantages over con-
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ventional approaches. In 2002, we reported the encouraging results of pul-
monary lobectomies undertaken with robotic technology [12]. Subsequently,
other authors reported their experiences with the da Vinci robotic system,
mainly for right lower lobectomies. These very first experiences showed
robotic surgery to be feasible and safe, but with this type of approach
increased operating times were noted with respect to conventional surgery.
Especially in thoracic surgery, this new method offers clear benefits for the
treatment of mediastinal lesions and lung cancer, particularly lobectomy in
stage-I NSCLC [13].

15.5.2 Radiofrequency Ablation (RFA)

About one-fifth of patients with resectable NSCLC are unsuitable for surgery.
RFA offers an alternative minimally invasive option [14]. An electrode con-
nected to an RFA generator is placed directly into the target tissue. When an
electric current (in the frequency of radio waves, 460–480 kHz) is applied, tis-
sue heating results from resistive energy loss as electrons agitate ionic mole-
cules in tissue as they move toward the reference electrodes. The goal is to
heat tissue to 60–100°C because this temperature is considered to be lethal to
the target tissue [15]. RFA of lung tumors is a relatively safe procedure with
low mortality and excellent tolerance in terms of respiratory function. The
most common periprocedural complication is pneumothorax, and occurs in
≤60% of ablation sessions. Most cases of pneumothorax do not require treat-
ment (4% to 12% of procedures require chest tube drainage). Small reactive
pleural effusions and parenchyma hemorrhage can also occur. Surgery remains
the standard therapy, but RFA is becoming a valid tool in specific scenarios as
single treatment as well as in combination with other treatments, such as radio-
therapy.
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16.1 Obstruction

The debut of a previously unknown abdominal malignancy as an intestinal
obstruction is a common event in each surgical practice. Similarly, surgeons are
asked to evaluate possible surgical options for the treatment of malignant bowel
obstructions (MBOs) secondary to known abdominal secondary localizations or
to peritoneal carcinosis: this can be one of the most challenging aspects of
advanced cancer care. The main cause might be due to obstruction at various
levels: proximal or distal small bowel, right or left colon, or the rectum. 

The bowel obstruction might be complete (thereby requiring emergency
treatment) or incomplete. The main causes of abdominal metastatic disease
are attributed to ovarian cancer (5% to 51%) and to gastrointestinal cancer
(10% to 28%). Diffuse peritoneal carcinomatosis remains the more common
presentation, but 10% of cases might be due to a single secondary neoplasm.
For non-gastrointestinal tumors, the most frequent are metastases from breast
cancer and melanoma [1]. The prognosis is poor and expected survival does
not generally exceed 3 months. Obstruction is not always purely mechanical:
in fact, extramural involvement is the pre-eminent etiology, and dysmotility



disorders due to mesenterial infiltration, bowel muscle or the celiac and
enteric plexus might be classified as “functional obstruction”, and might ben-
efit most from medical therapy [2]. Alas, ≤50% of small-bowel obstructions
might be caused by adhesions and thus be non-malignant [2]. We will not
examine proximal obstructions (duodenal or gastric) because the clinical
aspects are quite different and the obstructive symptoms configure a different
pathological entity, being mostly due to cholangiocarcinoma, pancreatic carci-
noma and gastric carcinoma [3]. The diagnosis and treatment of this condition
has changed in recent years due to the (i) amelioration of diagnostic radiolo-
gy, endoscopy and laparoscopy; (ii) introduction of new medications, devices;
(iii) propagation of minimally invasive radical or palliative surgery. We will
delve into the most recent acquisitions in these fields.

16.1.1 Clinical Aspects

The site of obstruction determines the signs and symptoms patients will expe-
rience. Proximal obstructions cause more severe nausea and vomiting, early
pain and anorexia, whereas more distal localizations cause abdominal disten-
sion, late pain and impaired stool passage, with an increased risk of ischemic
complications or perforation. Most MBOs are progressive and incomplete,
with worsening nausea, vomiting, pain and obstipation [4]. 

16.1.2 Imaging

Plain radiography of the abdomen can prove unreliable but remains an impor-
tant initial imaging as well as for the follow-up in response to treatment [5].
Contrast radiographs (with oral idrosoluble contrast) might be useful in
incomplete or multiple obstructions, as well as for its prognostic value for the
need for surgery [6]. The diagnostic mainstay remains computed tomography
(CT) for its high specificity and sensitivity (100–94%) for determining the
causes and possible complications [5]. Magnetic resonance imaging (MRI) has
not yet gained a significant role in the diagnosis of MBOs [5].

16.1.3 Decision-making

“When the sun can set on an unoperated bowel obstruction” is the significant
title of an article inquiring the decision plan for an MBO that concludes
“…especially when the sun is setting for the patient” [7]. This common (but
difficult) problem remains a challenge for the above-mentioned reasons. An
English report highlights the excessive numbers of “inappropriate and aggres-
sive operations performed on frail or terminally ill patients” [8]. In fact, the
goals of treatment must be clear to the physician, patients and to their families. 
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The surgical approach is affected by high mortality (5–32%), morbidity
(42%) and re-obstruction rates (10–50%) [9]. Quality of life (QoL) must be a
primary goal and, because the prognosis is not necessarily changed, all the
treatment options must be evaluated, with particular attention to minimally
invasive treatments as they become indicated [9]. Some factors might influ-
ence the prognosis and the decision for palliation treatment. For example, one
of the most important predictors of the success of surgery is the absence of
ascites [10]. Other variables influence the prognosis, and clinical scores for
the selection of patients have been published: the Krebs–Goplerud index is
one of the more commonly used, and it determines age, nutritional status,
tumor extension, ascites, and previous chemotherapy or radiation as prognos-
tic variables [10]. Alas, its index of improvement is controversial because sur-
vival must necessarily be joined by QoL, which includes the ability to toler-
ate oral food, restoration of normal bowel habits, return home, recurrent
obstructions, social acceptance and self-esteem.

16.1.4 Role of Medications

Medical therapy can palliate symptoms effectively for most patients [2].
Colicky and continuous pain can benefit from the concomitant use of opioids
(e.g., morphine, hydromorphone and fentanyl in various routes of administra-
tion) together with non-opioid drugs (e.g., ketorolac) to prevent segmental con-
tractions caused by opioid-related stimulation of the circular smooth muscle
and a functional ileus. Reduction of nausea and vomiting can be accomplished
with phenotiazines, haloperidol, anticholinergics, octreotide, metoclopramide
and olanzepine. Corticosteroids play an important (but unknown) part in the
resolution of obstruction by acting centrally against vomiting, reducing edema
and preventing pain, being capable of improving bowel symptoms in 60% of
patients taking high doses (with minimal side effects if used for 4–5 days) [9].
Combination therapy with these drugs is beneficial. Nasogastric tubes can be
useful measures, but only for short periods. Total parenteral nutrition (TPN)
has failed to improve outcome, survival, performance status nor QoL [11].
Chemotherapy can provide some success in newly diagnosed cancers but it has
no role for previously treated tumors that evolve into MBOs [12].

16.1.5 Role of Endoscopy

The relief of symptoms in patients with MBO, poor performance status, and
short life expectancy can be obtained with placement of a percutaneous endo-
scopic gastrostomy (PEG), to serve as a venting device. Especially in patients
with neoplastic ascites, PEG is associated with a lower morbidity and
increased survival compared with an open surgical approach [13]. Compelling
evidence shows a relief of nausea and vomiting in 80–90% of these patients



and restoration of partial oral intake [13]. Some studies show a non-surgical
role in bowel obstruction for “endoscopic long-tube decompression” which
comprises the passage of a proximal obstruction with an endoscopically placed
tube, and seems successful for shortening spontaneous resolution in ≤90% of
treated cases [13]. 

An increasing role is to be assumed by colonic stenting in cases of colonic
obstruction. The procedure involves the insertion of a self-expanding metallic
stent via endoscopy with the help of fluoroscopy and under sedation. The indi-
cation is appropriate for a single colonic obstruction at the level of the left
colon: the transverse colon, flexures and the rectum are not amenable to stent-
ing in consideration of the high rate of failure, displacement and stent migra-
tion, tenesmus and incontinence [14]. Deaths due to stenting are <1%, migra-
tion occurs in 10% of cases, bleeding in 5% and perforation in 4%, especially
if preceded by balloon dilatation. Tumor ingrowth, overgrowth or fecal
impaction cause recurrent obstruction in 10% of patients, who can be re-treat-
ed with a stent-over-stent procedure or with neodymium-doped yttrium alu-
minum garnet (nd:YAG) laser endoluminal therapy [14]. Meta-analyzed data
have shown lower rates of mortality, complications and long-term need for
stomas when compared with emergency surgery, with the implication of fewer
resources in terms of bed stay and intensive care facilities. This procedure may
serve also as a “bridge to surgery” in case of complete obstruction. No differ-
ence in survival has been found between stent and subsequent resection vs
emergency bowel resection. Moreover, the subsequent minimally invasive
approach is facilitated in comparison with d’embleé resection [15]. 

16.1.6 Role of Surgery

The main role of surgical intervention is accomplishing complete resection of
an obstructive tumor with a negative margin. With the exception of ovarian
cancer (in which debulking and tumor mass reduction) is beneficial together
with chemotherapy, incomplete resection is of scarce benefit for survival, but
might present advantages only as a palliative procedure; resection might not
necessarily entail restoration of bowel continuity. Otherwise, side-to-side
intestinal bypasses or diverting stomas are the preferred procedures [9].
Increasing interest has been aroused after the studies of Sugarbaker and col-
leagues, who advocated a very aggressive approach to surgical palliation
which involved extensive debulking, peritonectomy and hyperthermic
intraperitoneal chemotherapy (HIPEC) [16]. Success is more likely in cases of
low-grade tumors such as pseudomixoma peritonei, and the difficulty of the
procedure (>10 h, >1000 mL of blood loss, 55% morbidity and 7% mortality)
suggests its application in clinical trials and specialized environments with
accurate patient selection done in high-volume centers. Factors which are very
likely to influence the final outcome are the peritoneal cancer index (PCI), the
number of visceral resections, and performance status. 
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Initial determination of the PCI may be optimized by the accurate use of
exploratory laparoscopy [17]. The propagation of minimally invasive surgery
and its role in the treatment of small bowel obstruction does not exclude
impending importance in the treatment of MBO. In fact, the better outcome of
laparoscopy in terms of postoperative pain, complications, hospital stay, and
wound infections might be particularly attractive in the cancer patient. An
increasing number of reports regarding laparoscopic procedures in MBO and
including emergency colectomies, internal bypass, diverting ostomies and ileal
resections, have been completed. Indeed, emergency laparoscopic surgery
(especially for MBO) is challenging and requires experienced surgeons and an
adequate hospital environment [18–19].

16.2 Gastrointestinal (GI) Bleeding

GI bleeding in patients with known cancer can be a severe emergency problem
with a wide variety of etiologies. It can also be the sentinel event in the dis-
covery of a primary or metastatic cancer lesion to the GI tract. Locating the
site of bleeding is essential to its treatment and management. 

16.2.1 Upper Gastrointestinal Bleeding (UGIB)

UGIB is defined as hemorrhage from a site proximal to the ligament of Treitz.
It can be due to peptic ulcer disease, variceal disease, or more obscure cancer-
related etiologies. There are a wide variety of cancers that may metastasize to
the stomach, proximal duodenum, or regional lymph nodes which can then
erode the lumen, leading to blood loss. The mortality rate of UGIB in cancer
patients is ≈7% [20].

16.2.1.1 Non-interventional Measures
The stability of a blood clot in an acid environment is low. Acid-suppressing
drugs therefore have the potential to optimize clot formation and reduce the
risk of re-bleeding. It is crucial that the pH does not fall below 6, and this can
be practically achieved only by continuous infusion of a proton pump inhibitor
(PPI). There is no evidence regarding the efficacy of gastric acid-suppressing
drugs  in controlling bleeding in patients with GI malignancy. However,
patients receiving palliative care have multiple risk factors for peptic ulcera-
tion, and therefore they should be treated with a PPI in case of bleeding [21].
Somatostatin and its analog octreotide are theoretically attractive because they
reduce mesenteric (splanchnic) arterial flow and suppress secretion of gastric
acid and pepsin. They also suppress angiogenesis and activate platelet aggre-
gation in vitro. Possible side effects include hypoglycemia, thrombocytopenia,
heart block and severe liver failure in those with cirrhosis and heart failure.
Nevertheless, there is weak evidence supporting the use of somatostatin or

16 Surgical Emergencies in Cancer Patients 273



octreotide in upper GI hemorrhage. The main evidence for benefit is again if
bleeding is due to peptic ulcer disease. There is some evidence in case reports
of the successful use of octreotide in patients undergoing palliative care,
where more invasive interventions are not appropriate [22]. Pressins work in
variceal bleeding because they cause systemic vasoconstriction (which
increases blood pressure) and they also reduce flow/pressure in the portal vein
due to splanchnic arteriolar constriction. Case report evidence supports the use
of vasopressin in cancer patients with UGIB, but the best evidence supports its
use in variceal bleeding. Its use is limited in the palliative setting by the need
for intravenous administration and potentially serious side effects [23].
Tranexamic acid appears to be effective in reducing re-bleeding as well as the
need for repeat endoscopy and blood transfusion in patients with acute UGIB.
However, many of the studies about its use have excluded patients with cancer
as a cause of bleeding, so efficacy in the palliative setting is not known [22].

16.2.1.2 Interventional Measures
Endoscopy not only offers the opportunity to diagnose the cause of bleeding
accurately, it can also provide a means for therapeutic interven tion to stop
active bleeding or reduce the risk of re- bleeding. This approach has been stud-
ied and described if peptic ulcer disease is the cause of bleeding. Major endo-
scopic predictors of per sistent or recurrent bleeding include active bleeding
during endoscopy (90% recurrence), a visible vessel in the ulcer base (50%
recurrence), or an adherent clot (25% recurrence). If the ulcer has a clean base,
there is a low risk of recurrent bleeding (5% recurrence). Various methods
have been used to control bleeding, including thermal coagulation, injection
therapy, and endoscopically placed hemostatic clips [24]. These methods also
can be easily combined. If medical and endoscopic treatments fail, surgery or
interventional embolotherapy are the options. For this latter procedure, the
typical candidate patient presents with the following: (i) massive bleeding
(transfusion requirement of ≥4 U  blood over 24 h) or hemodynamic compro-
mise (systolic blood pressure <100 mmHg and heart rate >100 beats per
minute or clinical shock), (ii) endoscopy-refractory acute  bleeding, (iii) recur-
rent bleeding after surgery. In general, the more hemodynamically unstable a
patient is, the greater is the chance of identifying the source of bleeding. There
are no absolute contraindications because angiography and embolization may
be needed as lifesaving procedures. For patients with severe reactions to iodi-
nated contrast media, alternative contrast agents such as carbon dioxide can be
used. Relative contraindications include renal insufficiency, contrast allergy,
and uncorrectable coagulopathy. There is an increased risk of gastric or duo-
denal infarction after embolotherapy in patients with previous extensive sur-
gery or radiotherapy. If the rate of bleeding is massive, surgery may be prefer-
able to angiography because angiography may not be able to control the bleed-
ing as quickly as surgery [25]. Distinct from patients without known cancer,
patients with gastric cancer may benefit from acute surgery to control hemor-
rhage and may not be amenable to endoscopic intervention. Despite the
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improvement in mortality rate with surgery, curative resection is relatively
uncommon, and postoperative complications are common [26]. 

16.2.2 Lower Gastrointestinal Bleeding (LGIB)

Rectal bleeding can be due to the cancer or to co-existing disease (e.g., inflam-
matory bowel disease (IBD), gut pathogens causing bloody diarrhea, angiodys-
plasia, diverticular disease, polyps, or rectal fissure/haemorrhoids).
Management of rectal bleeding should be directed at treating the underlying
cause (if appropriate). Radiotherapy can cause or exacerbate rectal bleeding.
Radiation proctitis can occur after any form of pelvic radiotherapy, especially
after prostatic and cervical treatment. Acute proctitis is usually self-limiting and
can last ≤3 months. A chronic form can present months or years after the radia-
tion exposure (median time, 8–12 months) and is the result of obliterative endar-
teritis and submucosal fibrosis and the formation of new vessels. There can be
associated non-healing mucosal ulceration. The incidence is not known because
there are no clearly defined diagnostic criteria. It usually presents with rectal
bleeding (among other symptoms) which can range from mild to life-threaten-
ing. Tissue biopsy may be inconclusive and the diagnosis may have to be made
by excluding any comorbidity and recurrent tumors [27]. As with UGIB, endo-
scopic evaluation is the key to the definitive diagnosis of LGIB in most patients.
Though specific therapy is more limited than in UGIBs, colonoscopy usually
localizes and diagnoses the cause of bleeding expeditiously. Biopsies can be
obtained, and non-cancer-related bleeding excluded. There are risks in the emer-
gency department related to emergency endoscopy, which include poor visuali-
zation due to lack of extensive bowel cleansing and the potential adverse events
associated with procedural sedation. Rapid bowel cleansing can be obtained in
2 h by administering a large volume of polyethylene glycol solution, but the
optimal timing of colonoscopy is controversial. Overall, complication rates are
low (1–2%), but fluid overload, perforation and subsequent sepsis can occur. A
randomized controlled trial of urgent vs routine colonoscopy in patients with
apparent LGIBs demonstrated that urgent colonoscopy improved detection of
the source of bleeding but did not reduce mortality, hospital stay, transfusion
requirements, need for surgery, or re-bleeding episodes. Although colonoscopy
appears to be the primary evaluation and potential therapeutic modality for
LGIB, only 12% to 27% of patients have a lesion treatable by endoscopic ther-
apy as compared with 51% of patients with UGIB  [28]. 

16.2.2.1Radionuclide Imaging
Other modalities for the diagnosis are considered when colonoscopy is nega-
tive or the source of bleeding is suspected to be in the small bowel.
Radionuclide imaging is more sensitive than angiography because it requires
a lower bleeding rate but is less specific. There are two modalities available,
each with different strengths and limitations.
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First is 99m-technetium sulfur colloid, which is rapidly cleared from the
intravascular space so the scan is made shortly after injection. Its uptake in the
spleen, liver, and bone marrow may obscure the GI source. The second is
99m-technetium pertechnate-labeled red blood cells, which need to be imaged
in the first 30 min and then every few hours up to 24 h to pick up intermittent
bleeding. A comparison of the two methods found similar detection rates for
LGIB. These methods localize only an area of the abdomen, and there are a
significant number of false-positive findings that may lead to unnecessary
interventions. Patients with a negative scan are likely to have negative arteri-
ograms [29].

16.2.2.2 Multidetector Helical CT
Multidetector helical CT requires active bleeding for good localization. It has
been found to have a sensitivity and specificity of 90% and 99%, respectively,
in the setting of massive bleeding compared with angiography as the “gold
standard” [30].

16.2.2.3 Angiography
Mesenteric angiography requires ongoing blood loss of 1–1.5 mL/min for
good visualization of the bleeding source. Angiography offers therapeutic
options to control bleeding that other modalities do not, including vasocon-
striction with vasopressin or microembolization with various substances.
Frequently, bleeding due to cancer is not easily amenable to embolization, but
this can be considered if the patient is a poor candidate for surgery. A signifi-
cant number of patients with negative angiograms still require surgery, and
there is a significant complication rate associated with intestinal and lower
extremity ischemia, arterial dissection, renal failure due to contrast infusion,
and catheter-site infections [31].

Emergency surgery may be indicated for the complications of colorectal
cancer, including hemorrhage. Emergency surgery has a high mortality and
morbidity, but outcomes have improved gradually with better supportive care.
Better outcomes are found with more accurate preoperative localization,
resulting in a lower re-bleeding rate. Surgery for patients with LGIB has
defined risks and must take into account comorbidities [32].

16.2.3 Perforation

The perforation of a malignant GI neoplasm is a rare and serious event, with
high immediate morbidity and mortality as well as poor long-term survival.
Several retrospective series have investigated the perforations of gastric, small
intestine and colorectal tumors in relation to pathological features, clinical
pictures and prognostic factors [33–35]. Few studies have considered a control
group of patients with non-perforated cancer of the same stage [33, 36],
whereas no study has prospectively compared different treatment strategies,
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which are therefore based more on common sense and clinical experience than
on scientific evidence. 

Like all parietal lesions of the GI tract, tumors can cause a perforation in
many ways. The most obvious is the mechanism inherent to the parietal infil-
tration, but it is also possible that a stenosing tumor causes relaxation of the
upstream bowel section. The prevalence of perforations of tumors of the diges-
tive tract is not known, but several retrospective series have compared the
number of patients undergoing urgent surgery for perforated tumors with that
of patients treated for uncomplicated cancer, estimating the prevalence to be
4–9% for gastric and 5% for colorectal cancers  [33–36].

16.2.3.1 Presentation
The presentation does not differ substantially from those of perforations from
benign disease. Older patients are more frequently involved, sometimes with a
history of global wasting, vomiting and other occlusive symptoms, chronic
pain and bleeding. Typical signs and symptoms of peritonitis such as constant
and fixed abdominal pain, abdominal tenderness and septic shock in its vari-
ous stages may be present. The diagnosis is made upon free air in upright chest
or abdominal radiographs, and completed with abdominal CT, even without
intravenous contrast medium, looking for confirmation of free air and estima-
tion of the perforation site. In the absence of subdiaphragmatic free air, the
clinical picture of hypogastric and/or right or left iliac fossa peritonitis is nor-
mally studied with abdominal CT to exclude pericolic air bubbles, which is
indicative of buffered perforation. With specific reference to the perforations
for malignancy, carrying out thoraco-abdominal CT with intravenous contrast
medium would allow an increase in the rate of cases coming to the operating
room with a suspicion of malignancy as well as to obtain complete and sys-
temic staging of the disease (upon which a correct therapeutic indication
should be based). Indeed, it is commonly reported in clinical series that the
lack of information about the hematogenous extent of the disease (lungs,
bones and also the liver if the surgeon does not have the equipment and spe-
cific experience for adequate intraoperative liver ultrasonography) adversely
affects the therapeutic strategy. This is because in most cases of advanced can-
cer it is logical to assume synchronous hematogenous metastases (which
would render useless a locally curative intervention) with particular regard to
the extension of the lymphadenectomy [33–36]. In cases of free air and diffuse
peritonitis, the surgical strategy is dependent upon the associated peritonitis
and from the suspicion of the malignant nature of the perforation. For colonic-
buffered perforations with localized peritonitis, a conservative strategy (based
on fasting and antibiotic therapy) has recently gained consent to bring the
patient to an elective intervention after colonic cleansing and reduction of
local inflammatory phenomena, which allows to hypothesize a resection and
direct anastomosis instead of the more common and invasive Hartman proce-
dure [34]. In this specific case, there are often the conditions for a morpholog-
ical study of the large bowel aimed to obtain information about the degree of
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eventually associated occlusion (hence the urgency of the intervention) and the
extension of diverticular disease, which is commonly supposed to be the cause
of perforation (hence the extent of colonic resection). The best way to obtain
this information would be CT colonography. However, due to the need to blow
air into the colon, it must be postponed at least 1 month after the acute event
and made only in cases of optimal clinical evolution, with resumption of fla-
tus and feeding. 

16.2.3.2 CT Colonography
CT colonography can elicit the diagnostic dilemma of malignant instead of
diverticular disease, but sometimes the condition of an inflammatory pseudo-
tumor does not allow discrimination between these two entities. In such cases,
colonoscopy with biopsy, even though potentially dangerous, can bring a ther-
apeutic strategy rational for the illness [34–38].

16.2.3.3 Laparoscopic Approach
Once the decision to undergo surgery has been made, the choice of approach
is correlated with localization of the presumed site of perforation. The laparo-
scopic approach to gastro-duodenal peptic ulcer perforations has been prac-
tised for many years, although a recent meta-analysis raised some doubts
about the superiority of this approach as opposed to laparotomy [19]. In the
case of jejunal-, ileal- and colonic-free perforations, the laparoscopic approach
can elicit rare cases of diverticular perforations with purulent generalized peri-
tonitis (Hinchey stage 3), in which a first surgical step of peritoneal washing
and drainage is proposed [19]. The laparoscopic approach is likely to make
harder the recognition or suspicion of malignancy at gastric and colonic lev-
els, which can have a negative impact on outcome.

The first problem that arises intraoperatively is recognizing the malignant
nature of the perforation. The gastric (instead of duodenal) ulcer localization,
a parietal mass, regional pathological nodes and metastases are the only ele-
ments to realize the suspicion. From a theoretical viewpoint, carrying out a
correct oncologic surgical procedure in gastric and in small and large bowel
perforations (gastrectomy instead of suture, removal of at ≥15 lymph nodes for
gastric cancer, and vascular ligation with removal of ≥12 nodes for colorectal
cancer [37]), is rational only if the histological nature of the disease and stag-
ing of hematogenous metastases are known. However, even in those cases in
which an intraoperative histopathological examination is available, the gener-
al condition of the patient has more influence on decision-making; aggressive
surgery can be done only within hemodynamic stability and absence of
advanced local sepsis. In all other cases (i.e., malignancy not confirmed,
incomplete staging, patient in shock, severe peritoneal inflammation), the task
of the surgeon is to practice an intervention that solves the acute phase and to
refer to a second step completion of the surgical procedure according to the
rules of oncologic surgery. Accordingly, in addition to the obvious and abun-
dant washing of the abdominal cavity (associated with the placement of mul-
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tiple drains), one must carry out a simple suture in the stomach (enlarging the
parietal suture until healthy tissue), resection with direct anastomosis in the
small bowel, and resection with a fecal transit diversion in the large bowel [19,
34–40]. 

Almost all series agree in defining that the postoperative prognosis in
malignant perforation cases is poor: the 30-day mortality varies from 14% to
40.5% [34–38]. The causes of death are obviously related to sepsis, to which,
however, certainly contributes a general cachexia, which justifies marked
worsening of survival rates compared with perforation for benign diseases.
Among the prognostic factors significantly correlated with postoperative mor-
tality are advanced age, higher ASA grade, higher CR POSSUM score, degree
of peritonitis [34–35] and a period between perforation and surgery >24 h.
Data relating to long-term survival are less dramatic because not all perforat-
ed cancers are of advanced stage [38–39]. If patients with colorectal cancer
treated radically are considered separately, the prognosis for cancer is not so
different from that of patients with the same stage undergoing elective surgery,
with 1-year survival of 55%, 2-year survival of 47% [36] and 5-year survival
ranging from 14% [38] to 28% [36] and 54% [37], and overall mean survival
time for stage II, III, and IV of 63.7, 38.1, and 13.8 months, respectively [39].
The same applies to perforated gastric cancer: the median survival time was
17.3 months [33], not different from that of a group of patients matched for
cancer stage who underwent elective surgery. In the few reported cases in
which long-term survival after non-radical local surgery (local enlargement
and simple suture) of malignant gastric ulcer was analyzed, the results were
acceptable only if the tumor was at a very initial stage [40]. In another small
series of 6 patients treated with local resection, however, the survival rate was
only 52.8±52.9 days [41].
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Cancers of unknown primary origin (CUP), or occult primary tumors, are
malignancies, documented in a metastatic localization, without an identified
primary origin. This malignant syndrome accounts for approximately 3–5%
[1,2] of all cancer diagnosis. An estimated 31,000 patients have been diag-
nosed with an occult primary tumor during 2001 in the USA [3]. An analysis
of the Swedish Family-Cancer Database demonstrated that incidence of CUP
was between 6.00 and 6.98 cases per 100,000 from 1987 to 2008 [4]. Herein
we report new developments in the diagnosis and treatment of CUP.

17.1 Introduction

The definition of cancers of unknown primary origin (CUP) varies among
authors because a uniform set of inclusion and exclusion criteria is not avail-
able. Almost one-third of advanced tumors is diagnosed after its metastases
have been discovered. In some of those cases, the organ site of the primary
lesion becomes evident shortly thereafter, upon completion of a first set of
clinical, pathological and imaging evaluations; those patients should be treat-
ed accordingly to a specific protocol. An extensive diagnostic workup deter-



mines the origin of some of those neoplasms; however, it is estimated that a
primary site is eventually found in <30% of patients who present initially with
an occult primary tumor. In 20% to 50% of cases, the primary tumor is not
identified even after post mortem examination [5,6].

Guidelines [7] set by the UK National Institute of Health and Clinical
Excellence (NICE) in 2010 provide some practical definitions related to the
stage of the workup. A metastatic malignancy without an obvious primary site,
before comprehensive investigation, is called a “malignancy of undefined pri-
mary” (MUO). If a careful review of histological specimens (or cytological
specimens for pleural effusions or ascites) can then exclude non-epithelial
tumors (melanoma, sarcoma, lymphoma, germ cell) and a selected initial
screen of investigations (complete history and physical examination, routine
laboratory tests, chest radiograph, routine imaging and endoscopy guided by
signs, symptoms or laboratory abnormalities) cannot identify the primary
source, the tumor is defined as a “provisional carcinoma of unknown primary”
(“provisional CUP”). Only after specialist review and further appropriate spe-
cialized investigations, the lesion should be defined as metastasis of an occult
primary tumor and termed “confirmed carcinoma of unknown primary” (“con-
firmed CUP”). 

The classification described above constitutes a straightforward and prac-
tical framework. However, it cannot account for the lack of consensus about
the basic tests required in the initial diagnostic phase, and for the extreme
complexity and variability of the “specialized investigations” available today.

In fact, many technological advances have been proposed as an aid in the
diagnosis of CUPs, and several of them have been introduced in clinical prac-
tice. An initially confirmed CUP can be attributed to a putative origin by a
more sophisticated level of diagnosis, even without anatomical localization of
the original tumor. Typically, the quest for a primary origin of an occult lesion
may include positron emission tomography-computed tomography (PET-CT),
immunohistochemistry (IHC), assessment of serum markers and gene-expres-
sion profiling essays. Interestingly, research on this topic has focused on the
relationship between the metastatic lesion and the original tissue, but is far
from being established if thorough identification of the histological origin
translates into a better outcome [8]. Recent research shows that cancers origi-
nating from the same tissue or organ do not necessarily respond to therapy in
the same manner, and specific genetic factors can influence the response to
treatment. This is particularly true for CUPs (with the exception of the most
favorable subsets), which seem to behave more aggressively than metastatic
tumors whose origin is known.

17.2 Recent Technological Developments that Aid Diagnoses

A comprehensive coverage of the diagnostics for CUPs is beyond the scope of
this chapter, which focuses on the role of surgery. Technological advances in
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the diagnosis of CUPs are among the most important achievements in recent
research on this topic. Their impact on outcome has yet to be demonstrated,
but their potential influence on the knowledge of tumor biology (and even
therapy) should not be underestimated. New biological and pathological fea-
tures (including IHC profiling and gene expression-based assays) could be
integrated, in the future, in algorithms to better define subsets of patients who
could benefit from specific treatments, targeted to the identified tissue of ori-
gin, or even addressing the genomic abnormalities responsible for a certain
behavior of the tumor itself. All this body of knowledge will certainly have an
impact on the role of surgery in the treatment of these situations.

17.2.1 Immunohistochemistry

In general, hematoxylin and eosin staining can be used to determine the diag-
nosis, but the role of IHC has been increasing in recent years. Most guidelines
consider at least a limited IHC study to be necessary for the diagnosis of CUP
to exclude a non-epithelial origin of the lesion and to determine the origin of
a carcinoma. IHC can accurately predict the origin of ≈35–40% metastatic
cancers [9]. We cannot examine all the suggested IHC stains, but screening
panels including cytokeratins (CK-7, CK-20), thyroid transcription factor-1
(TTF-1) and breast/ovarian markers are taken into consideration in most
guidelines. Some authors have identified a new favorable subset of patients
called “adenocarcinoma with colon cancer profile” that have a specific pattern
of keratins and tumor-specific antigens (CK20+, CK7−, CDX2+). This subset
responds to colon cancer-specific combination chemotherapy regimens with a
median survival of 20–24 months [10]. Even if experiences on the surgical
treatment of this subset have not been published, a role for hepatectomy in
selected patients showing this IHC pattern can be foreseen.

17.2.2 Molecular Profiling

Different organ tissues show different patterns of gene expression, with some
genes showing greater expression in one organ than another. The specific pat-
tern of gene expression constitutes a “signature” of that tissue. Neoplasms
share some of the patterns of the original tissue. Cell type-specific differential
gene expression profiles have been used to develop assays that can provide
additional information for the classification of tumors, including unknown
primary cancers. The accuracy of the classification of these assays is >80%
[11]. Multiple gene signatures for the prediction of primary sites have been
generated, and there are several commercial tests available using this technol-
ogy. All of them can be used to identify accurately types and subtypes of can-
cer on specimens with extremely low numbers of neoplastic cells. The ability
to detect tumor signatures on particularly small specimens is extremely rele-



vant for reducing the invasiveness of the diagnostic phase. A molecular profile
consistent with six primary sites (lung, breast, colon, ovary, pancreas, and
prostate) has been found, evaluating the expression of a 10-gene panel [12],
and 10 cancer types could be distinguished by a second panel using 495 pre-
dictive genes [13]. Even though validation of this method to predict the origin
of a CUP has not been established, its potential role in typing an otherwise
“orphan” tumor (and even in determining specific drug response signatures) is
enormous.

17.2.3 Advances in Imaging Methods

The widespread availability of complex (but highly effective) technologies
such as computed tomography (CT) and magnetic resonance imaging (MRI)
means that these imaging modalities are included in most diagnostic protocols
for CUPs. The same definition of “putative CUP” cannot be obtained from a
chest and abdominal multislice spiral CT, and MRI is often used in the diag-
nosis of occult tumors of the breast, head or neck. 

The need to localize exceptionally small tumors, however, has prompted
considerable interest in 18-F-fluorodeoxyglucose-positron emission tomogra-
phy (18-FDG-PET), especially if combined with CT (PET-CT). CUPs are sup-
posedly too small to be detected in the initial investigation phase, which gen-
erally includes CT. The ability of PET-CT to provide functional and metabol-
ic information, along with the imaging, makes this technology particularly
useful [14]. A recent meta-analysis demonstrated the excellent sensitivity and
specificity of PET-CT in the localization of the primary tumor of an occult
metastasis [15]. However, FDG remains a rather non-specific agent that can
also accumulate in non-neoplastic tissues. Several other radiotracers are being
evaluated for use in PET-CT to enhance its specificity [16,17]. Clinical use of
tracers aimed at specific molecular tumor targets and the use of PET-MRI
could induce substantial changes to the approach to these tumors.

17.3 Overview of Surgical Treatment

It could be argued that the role of surgery is extremely limited in a disease that,
by definition, is already diffuse at diagnosis and whose biology is probably
more aggressive for its early metastatic potential. However, such heteroge-
neous conditions can be divided into subsets with relatively homogeneous
clinicopathological features. Most patients have aggressive disseminated dis-
ease that is relatively resistant to chemotherapy and with little curative poten-
tial, but 15–20% of subjects belong to subsets with a more favorable progno-
sis for whom a better outcome can be achieved [18].

Examining this topic under an evidence-based prospective is very difficult.
Obtaining a series large enough to achieve a solid level of evidence for each
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of the significant subsets is not easy in such a heterogeneous group of condi-
tions. Moreover, as research advances and our ability to determine the origin
of the tumor increases, more lesions become associated with their putative pri-
mary origin, sometimes even if their diagnosis is likely but, in fact, uncertain.
These lesions are often studied within a specific group of tumors and exclud-
ed from the CUP series (which are left only with unidentified cases). The same
technological progress does not allow consideration of series collected over a
long timespan because it is extremely likely that the diagnostic methods used
in the most recent cases were not available for patients enrolled just few years
earlier, making the group inhomogeneous. This is probably the only situation
in which the passing of time does not help in accruing larger and more signif-
icant series and obtaining a better level of evidence.

Even with the limitations mentioned above, several organizations have
recently issued guidelines for the diagnosis and management of CUPs [7, 19-
21] using different methodologies.

A complete and detailed overview of all the diagnostic and multidiscipli-
nary treatments of CUPS lies outside the scope of this chapter. Complete diag-
nostic and therapeutic algorithms can be found in the guidelines mentioned
above. There is no question, however, that identification of potentially treat-
able anatomoclinical entities, in which it is possible to obtain long-term dis-
ease control with appropriate multidisciplinary management, has been one of
the most relevant scientific achievements in this matter. Surgery plays a piv-
otal role for some of these subsets. We will examine the treatment of these sub-
sets but not discuss those with minimal surgical interest.

17.3.1 Women with Papillary Adenocarcinoma 
of the Peritoneal Cavity

Ascitic fluid is a common manifestation of CUP. Cytology is sometimes suffi-
cient to provide the diagnosis. In other cases, imaging can show definite peri-
toneal or omental implants that can be subjected to percutaneous ultrasound-
guided biopsy. Diffuse peritoneal disease, without bulk localizations and a
negative cytological diagnosis, require diagnostic laparoscopy and biopsy.

Peritoneal carcinomatosis, with papillary serous histology (serous papillary
carcinoma), is considered to be consistent with ovarian histology even in the
absence of ovarian involvement and, as such, is treated. Serum levels of can-
cer antigen Ca125 is elevated in ≈80% of cases. The origin of this type of
tumor (and also of the “ovarian” cancer) is incompletely understood, and sev-
eral theories have been proposed based on morphological, immunohistochem-
ical and molecular findings [22]. Clinical reports seem to suggest that ovarian
cancer and serous papillary carcinoma behave as distinct (although similar)
entities [23]. As ovarian carcinoma, this condition is highly sensitive to plat-
inum-based chemotherapy, and all guidelines agree that it should be treated as
FIGO stage III ovarian cancer, with aggressive surgical cytoreduction fol-
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lowed by platinum-based postoperative chemotherapy. This indication is based
on the analogy with ovarian cancer and to the fact that the outcome after
cytoreduction and chemotherapy is similar to that obtained in the stage-III and
-IV ovarian cancer [24].

17.3.2 Women with Adenocarcinoma Involving 
Only Axillary Lymph Nodes

Occult breast cancer should be suspected in all women with axillary lymph-
node adenocarcinoma. After a thorough physical examination, a mammogra-
phy is required. Estrogen and progesterone receptors should be obtained as
well as HER2 status. If physical examination and mammography do not iden-
tify a primary breast cancer, ultrasound and MRI of the breast should be done;
PET should also be taken into consideration. MRI can be used to identify a pri-
mary breast cancer in ≤75% of cases [25]. The prognosis and treatment in this
situation is similar to that of stage-II breast cancer and requires locoregional
treatment with surgery and radiotherapy according to the protocols adopted for
that stage. If a breast lesion is identified, it should follow the treatment proto-
col for the appropriate stage. If not, axillary lymph-node dissection should be
offered (as in breast cancer, the number of positive nodes is related to the
prognosis). With respect to breast treatment, “mastectomy or radiotherapy” is
recommended by the European Society of Medical Oncology (ESMO) Clinical
Practice Guidelines 2011, which are based on expert consensus. The French
National Federation of Cancer Centres (FNCLCC) evidence-based guidelines
did not find evidence of the need to treat the breast in the absence of an iden-
tified primary lesion and, if MRI of the breast is negative, suggest not to offer
locoregional treatment apart from axillary dissection. There is little evidence
to support the superiority of local breast treatment (surgery or radiation) over
watchful waiting if a primary lesion cannot be found. Primary cancer is often
not found even in mastectomy specimens, and observational series have shown
contradictory results about the advantages of local treatment with regard to
treatment [26-28]. Aside from breast cancer, many other adenocarcinomas can
present with axillary lymph-nodes metastases (including lung, pancreas, thy-
roid, stomach, uterus and colon) and this possibility should not be overlooked.

17.3.3 Squamous Cell Carcinoma Involving Cervical Lymph Nodes

Cervical lymph-node metastasis of a squamous cell carcinoma of an unknown
primary tumor is believed to originate from the upper respiratory/digestive
tract and is considered to be a highly curable disease [29]. The diagnosis is
based upon a mass in the neck, and fine needle aspiration (FNA) is considered
appropriate to obtain the necessary pathological diagnosis. Core or open biop-
sies should not be undertaken unless the patient is in the operating room, ready
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to undergo surgery if malignancy is confirmed [30]. The workup should
include direct examination of the pharyngeal structures along with endoscop-
ic and bioptic assessment of the nasopharynx, oropharynx, hypopharynx, lar-
ynx, and upper esophagus. Contrast multislice spiral CT and/or MRI are rou-
tinely added to abdominal and thoracic imaging. 18F-FDG-PET and PET-CT
have shown high sensitivity for the detection of the origin of cervical lymph-
node metastases, and their early use is recommended as a diagnostic tool that
is additional to conventional workup in this subset of CUPs [31-33]. Ipsilateral
tonsil biopsy or tonsillectomy can be used to detect a primary tumor not iden-
tified previously in ≈25% of patients. Human papillomavirus (HPV)-16 and
Epstein–Barr Virus (EBV) testing can be useful. An HPV-positive test suggests
a tonsil or base of the tongue localization of the primary tumor.

If the primary tumor is not identified despite extensive workup, lymph-
node dissection should be offered followed by radiotherapy or chemoradio-
therapy. Unresectable tumors can be treated with induction chemotherapy with
a platinum-based combination or chemoradiotherapy. These recommendations,
confirmed by ESMO Clinical Practice Guidelines and by the FNCLCC, are
based on weak evidence. In the 2012 NCCN Guidelines, it is specified that, if
most of the panel members agreed with the course of action described above,
others believed that a neck dissection may be recommended after treatment
with one of the following options: (i) chemoradiotherapy, (ii) primary radio-
therapy, (iii) induction chemotherapy followed by chemoradiotherapy or
radiotherapy. If a neck dissection is the initial treatment, it can be followed by
a wide variety of adjuvant treatments based on the stage and level of node
involvement. Evidence is limited to observational studies, but a systematic
review failed to show a significant difference in the outcome between surgery
plus chemoradiotherapy and chemoradiotherapy alone [34].

17.3.4 Isolated Inguinal Adenopathy (Squamous Carcinoma)

This uncommon subset is not always considered in the main guidelines on
CUPs. ESMO Clinical Practice Guidelines does not include it. The FNCLCC
examined the need for proctoscopy and colposcopy to rule out genital or anal
neoplasia but included its treatment among those not belonging to a specific
anatomoclinical entity if the tests fail to discover a primary tumor. A tumor in
this location may arise from the skin of the lower limb or the trunk, or from
genital/anal locations. An attempt at curative treatment is based on the hypoth-
esis that the original tumor may have regressed spontaneously or can be erad-
icated by treatment for metastatic disease. Therefore, NCCN and NICE main-
tain a recommendation for inguinal lymphadenectomy followed by radiother-
apy, if indicated. Evidence on this particular topic is extremely poor7. An arti-
cle published in 1987 by Guarischi [35] supported lymph-node dissection or
radiotherapy is the only available study to compare treatments, and its conclu-
sions showed that only radiotherapy is a valid alternative to surgery in the
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management of this disease. However, there is no evidence that surgery or
radiotherapy have a positive impact on survival if the origin of the tumor can-
not be demonstrated.

17.3.5 Patients with a Single, Small, Potentially Resectable Tumor

Solitary metastasis from unknown primary (or limited, potentially resectable,
metastatic disease) can be found in various sites (liver, lung, brain, adrenal,
bone). Other occult metastatic lesions should be assessed in this group of
patients, and PET is appropriate for this purpose. An unusual primary tumor of
a parenchymal organ can also be mistaken for a metastasis (and vice versa) and
this possibility should be taken into consideration before planning treatment
[36-38]. Occasionally, long-term survival is reported after resection of the
liver, brain and spine metastasis [39-41], and a primary tumor can be discov-
ered later during follow-up [42]. Stereotactic radiosurgery is an option for
brain lesions [43]. A systematic review about the treatment of solitary brain
metastasis from occult tumors [44] could not prove that surgery, in addition to
radiotherapy, confers a survival advantage over radiotherapy alone. However,
a more recent revision of the literature, including also secondary lesions from
known tumors, suggests that the treatment of brain metastases should be
aggressive and independent of the primary site because of the satisfactory
results obtained. This recommendation applies also to occult tumors [45].
Evidence in favor of surgical resection of lung, bone or skin metastasis of
unknown primary is lacking.
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