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ABSTRACTS

PAPER 1

Background The elderly patients represent a potential target of enhanced recovery program (ERP)
after surgery, even though effectiveness and feasibility of ERP in this population still remain
unclear.

Objectives Evaluation of safety, feasibility of ERP enhanced by a rehabilitation device in patients
70 years of age or older after colorectal surgery, focusing on postoperative recovery and length-of-
hospital-stay.

Methods Single-center, randomized, parallel-group trial comparing a multimodal ERP enhanced by
a rehabilitation device vs. traditional care in elderly patients undergoing colorectal surgery. All
patients underwent preoperative physiatric evaluation in preoperative setting and at time of hospital
discharge.

Results Twenty-six patients were enrolled. ERP enhanced by a rehabilitation device in elderly
patients was safe and feasible. Postoperative pain was lower in the ERP group even if not
significant. Recovery of the bowel function was earlier for ERP patients (first flatus 1.8 vs. 2.4
days, p<0.001; defaecation 2.3 vs. 3.6 days, p<0.001). Early mobilization within postoperative day
2 was achieved in the 80% of ERP patients vs. 25% of controls (p=0.010), with a significant
reduction of the rehabilitation time (sitting 1.7 vs.2.4 days, p=0.068; standing 1.9 vs.3.3 days,
p=0.003; deambulation 2.6 vs.3.8 days, p=0.013). Recovery of physical performance was similar
for the two groups albeit better for ERP patients (% variation 6MWD -26 vs. -38 p=0.374). Length-
of-hospital-stay was similar although lower for ERP patients (LOS 9.00 vs. 9.75, p=0.617).
Conclusions ERP is feasible and safe, with a significant reduction in time to recovery of the bowel

function and physical-performance even in the elderly patient.



PAPER 11

Objectives Topoisomerase I (Topo I) and thymidylate synthase (TS) are essential enzymes for the
replication, tran-scription and repair of DNA, and are potential biomarkers in colorectal cancer
(CRC). The aim of the study was to correlate the tissue expression of Topo I and TS in sporadic
CRCs with relevant pathological and molecular features and patients’ outcome.

Methods Topo I and TS expression was assessed by immunostaining in 112 consecutive primary
CRCs.

Results Increased expression of Topo I was found in 36% of tumors, preferentially rectal (50%)
and with not otherwise specified (NOS) histology (44%). Topo I expression was associated with
18q allelic loss (LOH), (p = 0.013), microsatellite stable phenotype (p = 0.002) and normal
expression of mismatch proteins hMLH1 and hMSH2 (p = 0.0012 and p = 0.02, respectively). High
TS expression was found in 60% of tumors, more frequently in distal sites (62%) and with NOS
histology (66%); no association with microsatellite instability was observed.

Conclusions Topo I seems to be involved in the chromosomal instability pathway of sporadic
CRCs. Conversely, high TS expression is unlikely to affect the clinical behavior of microsatellite

unstable CRCs.



PAPER III

Objectives Owing to the low incidence and the lack of a definition, many aspects of multiple
sporadic colorectal cancers (MSCRC) remain to be cleared, in particular long-term survival and the
prognostic influence of extent of surgical resection (multiple segmental resections vs. total/subtotal
colectomy).

Methods A retrospective review was performed of patients diagnosed with multiple sporadic
colorectal cancer from 1982 to May 2010. Clinical and pathologic data were collected and
reviewed. Survival analysis was conducted comparing cases to 4790 controls resected with curative
intent for single colorectal cancer, from the Parma Cancer Registry.

Results We identified 23 patients diagnosed with MSCRC, 8 with synchronous cancer (SC) and 15
with metachronous cancer (MC). Of the MC patients, 2 (13%) had the second cancer within 2 years,
4 (27%) in the time period of 2—5 years and 9 (60%) after 5 years. Twenty one patients underwent
multiple segmental resections; 2 patients underwent subtotal colectomy. No total colectomy was
performed. The 5-year overall survival rate of SC, MC and control patients was 100%, 87% and
55% (p<0.001) respectively; the 5-year cancer-free survival was 88% and 94% for SC and MC
patients respectively.

Conclusions Synchronous and metachronous multiple sporadic colorectal cancer patients showed a
better prognosis than single sporadic colorectal cancer patients. Multiple segmental colorectal
resections seem appropriate from an oncologic point of view in the elective treatment of multiple

sporadic colorectal cancer.
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INTRODUCTION
PAPER I

In the early 1990’s surgery underwent revolutionary changes due to the introduction of ultra short
acting anaesthetics, the development of regional anaesthetic techniques to control pain and the use
of minimally invasive open or laparoscopic techniques in surgery. Combining these new anaesthetic
and analgesic methods with these new surgical techniques in a treatment pathway shortened the
time required for the early and intermediate postoperative recovery considerably. In ambulatory
surgery, patients regained vital reflexes in the operating room and could directly be transferred to
the day surgery unit, thereby bypassing the post anaesthesia care unit (PACU). This so termed “fast
tracking” treatment path was aimed to streamline ambulatory surgery. Recovery times of patients
who were fast tracked were significantly shorter compared to those for patients who were not fast
tracked [1] and patients that were able to bypass the PACU were discharged home earlier than
patients who were not [2,3] . Other arguments brought up to justify the “fast tracking” concept were
reduced nursing workload, reduced costs and improved quality of care by focussing attention on
getting patients back to their preoperative status as quickly as possible [4-6] The expansion of the
fast track concept to more major surgical procedures resulted in an increasing number of surgical
procedures being performed as short stay surgery. Prostatectomies, pneumonectomies, total hip and
knee replacements and peripheral vascular reconstructions are procedures that are nowadays

performed in a short stay setting [7] .

Fast-track colonic surgery

The expansion of the fast track concept to colonic surgery has been pioneered by Henrik Kehlet, a
surgeon of the Hvidovre University Hospital in Denmark. He reported on a median postoperative
hospital stay of two days in 60 consecutive colectomy patients who were treated in a fast track
surgery programme [8] , whereas colonic surgery usually requires a postoperative hospital stay of 5-

10 days [9].



The median age of the patients was 74 years and most of the patients had comorbidity; only 18
patients were considered to have no significant concomitant illnesses and had normal preoperative
mobility. Within two days, patients tolerated early nutrition, all but three of the patients had
defecation and patients were spending between five and six hours out of bed. Kehlet emphasized
that major improvements in recovery may require a multifaceted approach [10] .Stress induced
organ dysfunction, pain, nausea and vomiting, ileus, hypoxemia and sleep disturbances, fatigue,
immobilisation and semi-starvation and traditional perioperative care principles such as the use of
drains, nasogastric tubes, fasting regimes and bed rest were identified as key factors that contribute
to the postoperative functional deterioration.

Kehlet developed a multimodal rehabilitation programme that combined a number of interventions
to reduce the stress of the surgical procedure, risk of organ dysfunction and loss of functional
capacity. This multimodal programme involved the cancellation of traditional perioperative care
principles such as immobilisation, drains, nasogastric tubes and fasting, while introducing
innovations such as carbohydrate loaded liquids before surgery, regional anaesthetic techniques,
minimally invasive open or laparoscopic surgical techniques, maintenance of normal temperature
during surgery, optimal treatment of postoperative pain and prophylaxis for nausea and vomiting
[11,12].

The application of this multimodal rehabilitation programme after colonic resections significantly
reduced length of hospitalisation [8-13] and significantly improved postoperative recovery,
physical performance, pulmonary function, body composition [14] and convalescence [15] .

Other single centre groups have subsequently confirmed that the application of such fast track
multimodal perioperative care programmes in colorectal surgery patients results in a reduced length
of hospital stay, less morbidity, reduced postoperative ileus, improved pulmonary function, less

pain, and less fatigue [16,17]



Enhanced recovery after surgery (ERAS)

In 2001 the Enhanced Recovery After Surgery (ERAS) group was established as a collaboration of
university or specialised departments of surgery from five northern European centres: Kehlet’s
group of the Hvidovre University Hospital, Hvidovre, Denmark, practicing fast track surgery and
four centres practicing a more traditional pattern of care: the Royal Infirmary, Edinburgh, UK, the
Karolinska Institutet at Ersta Hospital, Stockholm, Sweden, the University Hospital of Northern
Norway, Tromse, Norway and Maastricht University Medical Centre, Maastricht, the Netherlands.
The ERAS group reviewed the case-mix, clinical management and clinical outcomes of colorectal
surgery patients in these five participating centres [18] . A retrospective chart review was
undertaken over a one year period between 1998 and 2001 and 451 consecutive patients undergoing
an open colorectal resection above the peritoneal reflection were evaluated.

As expected, length of stay was significantly shorter in the “fast track” centre of Denmark
compared to the centres practicing traditional care (a median of 2 days versus a median of 7-9
days). Based on patient demographics such as age, BMI, gender and P-Possum scores it was
concluded that the surgical populations were comparable between the five centres and that case-mix
did not account for the reduced length of hospitalisation. The reduction in length of stay in
Denmark had no significant influence on morbidity and 30-day mortality, but was associated with
increased readmission rates. The elements of perioperative care applied in each hospital varied
widely, both within the traditional care centres and in comparison with the centre performing fast
track surgery. With the Danish experience as a starting point, the ERAS group considered the
evidence base for individual components of perioperative care and developed a new evidence based
programme (the ERAS protocol) that presented recommendations on how surgical patients
undergoing a colonic resection should be cared for. [19] Using a multidisciplinary team approach,
with a focus on stress reduction and early return of function, the ERAS protocol aims to allow
patients to recover more quickly from major surgery.

The key recommendations of the ERAS guideline comprise preoperative patient information and

10



counselling, no oral bowel preparation, no preoperative fasting, preoperative carbohydrate loading,
no pre-anaesthetic medication, single dose antibiotic prophylaxis half an hour before surgery, short
incisions, avoidance of long acting opioids, mid-thoracic epidural anaesthesia, paracetamol as
baseline analgesic, avoidance of fluid overload, use of an upper-body forced-air heating cover, no
drains, no nasogastric decompression tubes, prevention of postoperative nausea and vomiting in risk
patients, standard laxatives, early removal of urinary bladder catheters, early oral nutrition and

nutritional supplements and early mobilisation.

Rationale

Since age is a demonstrated risk factor for delayed recovery and consequently prolonged hospital
stay after surgery, the elderly patients represent a potential target of ERP. However concerns exist
regarding feasibility and efficacy of such programs on this specific population due to the high
morbidity and limited compliance, even if results of recent studies appear encouraging. In a recent
trial on ERP in elderly patients following colorectal resection, Pawa et al. reported tolerance for oral
fluid intake and oral diet on first postoperative day in 89% and 77% of patients, respectively,
whereas early mobilization on first postoperative day was achieved in about 20% of patients. [20]
These results show how ERP in elderly patients could be feasible although physical rehabilitation
remains the weakest link of this program. Recently, new strategies have been developed introducing
innovative rehabilitation devices in clinical practice. Burtin et al. tested a cycle ergometer applied
on the bed of intensive care unit (ICU) patients reporting enhanced recovery of functional exercise
capacity, self-perceived functional status and muscle force at hospital discharge. [21] Elderly
patients present a reduced functional capacity unable to tolerate early forced mobilization.

Therefore rehabilitation devices could be the milestone of ERPs in elderly patients.

11



Specific aims

The primary aim is to evaluate the efficacy of a post-operative multimodal care program enhanced
by a rehabilitation device in patients 70 years of age or older after colorectal surgery, focusing on
recovery of functional exercise capacity and length of hospital stay.

The second aim is to estimate costs, examining impact on length of hospital stay, drop-out rate and
clinical factors able to predict the drop-out or the failure of the program.

Finally the last aim is to evaluate the impact of ERP on pain perception and self-perceived

functional status.

Hypothesis

The introduction of early exercise training on supine position starting on postoperative day one in
ERP following colorectal surgery in patients 70 years of age or older could enhance recovery of
functional exercise capacity without increasing morbidity, shorten hospital stay and improve the

self-perceived functional status.

12



PAPER 11

Colorectal cancer (CRC) is the third most common cancer in men and the second in women
worldwide. According to WHO,there were 1.2 million new diagnoses of CRC in 2008, and more
than 608,000 deaths [1,2]. CRC development follows two major pathways of genetic instability:
chromosomal instability (CIN), observed in 85% of sporadic CRCs, and microsatellite instability
(MSI), accounting for approximately 15% of cases [3]. CIN-related CRCs are characterized by
gross chromosomal rearrangements, aneuploidy, defects in checkpoints for G1/S entry, and loss of
heterozygosity (LOH) in particular at chromosomal arm 18q [3—5]. Conversely, MSI-related CRCs
have diploid or nearly diploid karyotypes and show defects of the DNA mismatch repair system
(MMR) genes [3]. CRCs referred to CIN or MSI pathway display relevant clinic-pathological
differences as to tumor site, histology and response to adjuvant therapy [6]. Several studies have
also demonstrated that the molecular phenotype may affect CRC outcome [7-10]. In particular,
CRCs with MSI have been associated with improved survival [11], whereas 18qLOH is a molecular
marker of adverse prognosis [7,8,12-21]. Several biological markers have been investigated for a
prognostic role in CRC [22], among which are topoisomerase I (Topo I) and thymidylate synthase
(TS), whose expression levels correlate with survival although this evidence is controversial among
different studies [23-28]. Topo I is an essential enzyme in regulating the topology of supercoiled
DNA by transiently cleaving of one of the two strands[29]. Antineoplastic drugs targeting Topo I,
such as irinotecan and camptothecins, form stable Topo I-DNA cleavage complexes and inhibit
Topo I activity, thus preventing DNA religation [30,31]. Topo I is expressed in primary CRCs and
metastases, but it is debated whether its expression can predict the response to anti-Topo I
treatments [32-35]. TS catalyzes the conversion of dUMP to dTMP and is essential for ‘de novo’
DNA synthesis [36,37]. The expression of TS may affect tumor sensitivity to fluoropyrimidines,
such as 5-fluorouracil (5-FU) [38]. 5-FU-based treatment is the standard of care for adjuvant
therapy of CRC in combination with oxaliplatin [39] and for the treatment of metastatic disease in

association with oxaliplatin or irinotecan [40—43].
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PAPER III

Multiple primary colorectal cancers account for 2-5% of all colorectal cancers. The incidence of
multiple primary colorectal cancer increases to up to 20% in patients diagnosed with heredo-
familial syndrome [1,2]. About 25% of patients with colorectal cancer have a family history of
colorectal cancer that suggests a hereditary contribution, common exposures among family
members, or a combination of both, whereas the majority of patients have a sporadic disease with
no apparent evidence of having inherited the disorder. Multiple colorectal cancer can occur in the
absence of a defined heredo-familial syndrome, presenting as metachronous carcinomas (MC) in
patients with a history of sporadic colorectal cancer or two or more sporadic synchronous
carcinomas (SC) at the diagnosis. A personal history of colorectal cancer is a well-known risk
factor for developing a second colorectal cancer and it is estimated that in patients undergoing
resection of a single colorectal cancer, metachronous colorectal cancer develops in 1.5% to 3% of
cases within the first 5 years postoperatively. The risk remains high for up to ten years in some
patients [3,4]. Over one-half of second primary colorectal cancers arise within 24 months of the
initial resection and may represent SCs that were missed initially [5,6]. The prognosis of multiple
colorectal cancer remains controversial, and although postoperative surveillance is highly
recommended for detecting metachronous cancers or polyps, the optimal frequency and benefits of
postoperative colonoscopy are still under debate [7-10]. Moreover, while in younger patients
affected by heredo-familial colorectal cancer syndromes a prophylactic total colectomy is
recommended instead of multiple segmental colorectal resections, in multiple sporadic colorectal
cancer this indication seems unclear and not supported by current evidence [11]. The purpose of the
present study is to better define MSCRC from the clinical, therapeutic, pathologic and prognostic

points of view.
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METHODS

PAPER1

Study design
The present study is a single-center, randomized, parallel-group trial comparing a post-operative
multimodal care program enhanced by a rehabilitation device, named “delettizzatore” vs. traditional

care in elderly patients undergoing colorectal surgery with curative intent.

Exclusion criteria

The exclusion criteria were the following: age <70 years, severe agitation or psychiatric disorders
determing insufficient compliance to the protocol, preexisting diagnosis causing neuromuscular
weakness unabling the patient to undergo passive rehabilitation of lower limbs, history of acute
stroke, history of status epilepticus, severe obesity (BMI>35), serious bedsore or venous ulcers,
coagulation disorders (INR>1.5 , PLT< 50*10"3/mm’), vascular or cardiorespiratory instability
(F1IO2>55%, Pa0,<65 torr, minute ventilation >150 mL/kg, RR>30 breaths per minute with

adequate ventilatory support, need for vasopressor support). [21]

Pre-operative work-up

Data were collected as to age, gender, BMI, ASA score, type of operation, operating technique
(open vs VL), operating time, conversion rate, length of hospital stay, post-operative nausea and
vomiting, post-operative pain, first flatus and first bowel movement, overall and specific (surgical
and non-surgical) post-operative morbidity and mortality. The level of pain was measured by the
visual analog scale (VAS 0-10). The patients were evaluated for the development of post-operative
complications according to the Clavien-Dindo classification. [22] All patients underwent a

preoperative physiatric evaluation, aimed to accurately evaluate the pre-operative performance
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status, through the following tests: Berg Balance Scale [23], Short Form 36 Health Survey
questionnaire (SF-36) [24], 6-min walking distance (6MWD) [25]. After one day, each patient
underwent a training session on the sperimental rehabilitation device in clinostatic position,
followed by a quantification of exercise capacity of the patient, named “3-minutes-test (3MT).
Similarly to the 6 MWD, the 3MT measures the number of the full range motion of the exercise that
the patient is able to complete, defined as repetitions.

During the session a continuous monitoring of vital parameters, including hearth rate (HR), pre- and
post-session systolic and dyastolic arterial pressure (SAP and DAP), trans-dermic oxygen saturation
(SpO») and respiratory-rate (RR), was performed. The 3MT or the rehabilitative session on the
device were interrupted in presence of at least one critical variation of the vital parameters observed
during the clinical monitoring as increase equal or greater than 70% of the calculated maximum
HR, decrease equal or greater than 20% of basal HR, SAP equal ore greater than 180 mmHg,
decrease of DAP lower than 20%, SpO, lower than 90% or develop of signs/symptoms of cardio-

respiratory distress.

ERAS protocol (Tab.1)

1. Peri-operative nutrition: normal diet till 10pm of the day before surgery. One carton of
nutritional drink supplement of 250 mL (5% carbs) 2 hours before surgical procedure. Oral
drink 30-50 mL di Ensure (400 g; Abbott, Chicago, IL, USA) dilued with water (1 Kcal/mL)
every 1-2 hours starting from 6-12 hours after surgery and during PO day 1. Starting from
PO day 2 administration of 100-200 mL every 2-3 hours of Ensure (400 g; Abbott, Chicago,
IL, USA) with addtion of water (1 Kcal/mL).

2. Bowel preparazion: Administration of 16 tablets of Simeticone during the day (Simeticon
cp). Phosphate enema at 7 am of the day before surgery.

3. Anaesthesia and postoperative analgesia: a thoracic epidural catheter was inserted at T7-

T9 and 6-9 ml 0,5% bupivacaine was administered before operation. Thereafter general
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anaesthesia was induced by midazolam 0,15 mg/kg, fentanyl 0,1-0,25 mg and enflurane and
nitrous oxide-oxygen. The epidural blockade was mantained with 0,5% bupivacaine 4ml/h
during operation and continued after operation for 48h with 0,25% bupivacaine 4ml/h. At
hte end of surgery 20 ml 0,25% bupivacaine was injected beneath the fascia and
subcutaneously in the largest incision. After operation, oral tenoxicam 20 mg or paracetamol
2 g 12 hourly was given daily for 6 days. Rescue analgesia included ibuprofen 600 mg every
8h. Opioids were not given routinely in order to avoid cerebral and bowel motility side-
effects. Intraoperative intravenous fluid was restricted to a maximum of 1500 ml, unless
bleeding indicated otherwise.

4. Management of surgical devices: naso-gastric tube was posistioned intraoperatively and
removed at the end of the procedure or kept in selected cases of higher risk of postoperative
ileum. The urinary bladder catheter was positioned intraoperatively and removed on the
morning after operation. Intra-abdominal drain was removed as soon as possible depending
on the operator indication.

5. Early mobilization: contrary to the other ERAS protocol in which mobilization is enforced
starting on the the day of the operation, [26] we opted for a gradual rehabilitation program.
An US of lower limbs was performed to rule out deep vein thrombosis. Subsequently, we
administred an active physiscal exercise session of 15 minutes with the device

“delettizzatore” twice a day, until the patient is able to walk independently.

Perioperative traditional care program (Tab.2)
1. Peri-operative nutrition: normal diet till 10pm of the day before surgery. Stop fluids intake
at 12pm. NPT Clinimix 15% or glucosate solutions 2000 ml/day till normal diet is tolerated.

Re-introduce fluids intake after the naso-gastric tube removal (between PO day 2 and 3).
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2. Bowel preparation: laxative Polietilenglicole 2 liters 2 days before surgery and 2 liters the
day before surgery. Administration of 16 tablets of Simeticone during the day (Simeticon
cp).

3. Postoperative analgesia: NSAID and opioids on first line.

6. Management of surgical devices: naso-gastric tube was posistioned intraoperatively and
removed at the po day of the first flatus or kept in selected cases of higher risk of
postoperative ileum. The urinary bladder catheter was positioned intraoperatively and
removed on po day 5. Intra-abdominal drain was removed the day before the discharge (po
day 6-7).

4. Mobilization: starting from the po day 2 the patient is enforced to sit, then the patient is

enforced to stand and walk with assistance in po day 3 and 4.

Enrollement

Every patient 70 years of age or older referred to our surgical unit, Clinica Chirurgica e Terapia
Chirurgica, Maggiore Hospital, Parma, Italy diagnosed with colorectal cancer has been screened for
inclusion/exclusion criteria. All potential candidates for the clinical enrollement underwent a
counselling with an investigator of the protocol, aimed to inform the patient, define the eligibility

for the enrollement and acquire informed consent.

Randomization

Patients were assigned to the two arms through a block randomization.

Using the web-based software www.randomizer.org was elaborated a list of random balanced
allocation of 43 blocks of 2 cases (86 cases). Allocation list was kept at Secretary of Clinica

Chirurgica dei Trapianti d'Organo, Prof. M.Sianesi, Department of Surgical Sciences, Parma
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University, Parma, Italy. Treatment allocation was conducted following the numerical sequence of

the list and comunicated by phone to the investigator at the time of the enrollement.

Exercise with rehabilitation device
The rehabilitation device “delettizzatore” allows an active exercise work-out of the lower limbs in
clinostatic position, without involvement of the abdominal muscles. (fig.1)

*  3MT: every patient underwent the 3MT (3 minute-test) with delettizzatore in pre-operative
setting (6 days before surgery) and in post-operative setting at discharge (starting from PO
day 6). The aim of the pre-operative test is the quantification of the performance of the
patient (LO), under clinical monitoring of the vital paramters.

* Post-operative application: patients assigned to the sperimental arm underwent 2 exercise
session per day of 15 minutes, with delettizzatore, under clinical monitoring of the vital
paramters. Patients were encouraged to perform active exercise according to the patient’s

capability. Ambulation was started when considered appropriate by the medical staff.

Rehabilitation device "Delettizzatore"
The "Delettizzatore" is a mobile experimental rehabilitation device. It can be positioned easily to
the bed, locked into position and adjusted. This device allows to patients to perform active physical
exercise in clinostatic position. (Fig.1)
The Delettizzatore is a registred trademark of ADVANCED DISTRIBUTION S.p.A - Via Peano,
70 — 10040 Leini (TO) and it is officially registered as a medical aid of class I with attachment I e

VII of direttiva 93/42 with CE registration (model: DLT ; n.inv: 001-01 ; year: 2012).
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Statistical analysis

Statistical analysis was performed using the software package SPSS 23.0 (SPSS, Chicago, IL,
USA). Descriptive data of continuous variables were expressed by the median or mean £ SD. We
used Student’s t test and the Mann— Whitney U test for comparing means when appropriate.
General liner model for repeated measures was used for compared trend of postoperative pain

between groups. A difference of p < 0.05 was considered statistically significant.
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PAPER 11

Study design

This study is a retrospective evaluation of 112 unselected, consecutive, primary CRCs that
underwent curative resection between January 1997 and April 1999 at our institution, aimed to
assess the expression of Topo I and TS in tumor tissue by immunostaining and to correlate it with
pathological and clinical variables, patients’ outcomes and molecular characteristics, such as MSI

status, LOH at different loci and other markers implicated in CRC carcinogenesis.

Patients

The study is a retrospective evaluation of 112 unselected, consecutive, primary CRCs that
underwent curative resection between January 1997 and April 1999 at our institution (Table 1).
There were 58 males (mean age: 69 years, range 27-94) and 54 females (mean age 69 years, range
45-91). Tumors were located in the proximal colon in 42 patients (37%), in the distal colon in 50
patients (45%), in the rectum in 20 patients (18%), and they were predominantly poorly
differentiated (G3) adenocarcinomas (62%) with not otherwise specified (NOS) histology (66%).
The tumor stage was determined according to the American Joint Committee on Carcinoma (AJCC)
system [44]; most cases were stage II (53%). All cases were deemed sporadic, based on the absence
of relevant family history as recorded prospectively at the initial patient interview. During the study
period, a uniform surgical management protocol was adopted. Data on clinical and pathological
characteristics and chemotherapy were obtained from surgical, pathological and oncological
records. Recurrence and survival data were followed-up to September 2007 (censoring date) using
databases on hospital admission and the National Central Registry on death recording. Overall
recurrence rate was 16% (18 patients); 12 patients (11%) had local recurrence without metastases, 6

patients (5%) had local recurrence with metastases.
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Patients with AJCC stage III colon cancer under 75 years old were eligible for adjuvant
chemotherapy [45]; however, this treatment option was exerted at discretion of the patient and the
oncologist. The standard drug regimen was 375 mg/m2/d 5-FU and 20 mg/m2/d levamisole, 5
days/week every 4 weeks for 6 months. Patients with rectal cancer received irradiation therapy
administered in a dosage of 40 Gy, divided into 16 daily doses of 2.5 Gy each (4 doses/week for 4
weeks) before surgery [46]. Patients were observed at 3-month intervals for 24 months after the
completion of therapy, every 6 months for 3 years, and then yearly. History and physical
examination, complete blood cell and platelet count, liver chemistries, ultrasound and
carcinoembryonic antigen measurement were performed at each visit; chest X-ray,colonoscopy and
CT were performed once a year. All CRC specimens underwent histopathological analysis by the
same gastrointestinal pathologists (B.C. and S.E.M.), who were unaware of the interim results of
molecular genetic and immuno-histochemical analysis. The study protocol was approved by the

Human Ethics Committee of the University of Parma.

Immunohistochemistry

For immunohistochemical analysis, tumors were routinely fixed in buffered 10% formalin
immediately after surgery and embedded in paraffin. To avoid loss of immuno-reactivity due to
prolonged storage, the sections were freshly cut, and all slides were processed simultaneously with
antibodies from the same batch, including positive and negative controls. The following primary
antibodies were used: anti-Topo I (clonel D6, Sanbio, The Netherlands, working dilution: 1:100),
anti-TS (clone TS106, Neomarkers, Fremont, CA, USA, working dilution:1:200). For antigen
retrieval, sections were treated with 10 mM citrate buffer at pH 6.0, in a 750 W microwave oven for
three 5-mincycles. The sections were developed with the streptavidin—biotin kit (LSAB2, Dako) in
accordance with the manufacturer’s specifications and counterstained with hematoxylin. Positive
controls were CRCs previously assayed with strong positivity; negative controls consisted of

substituting normal serum for the primary antibodies. The immunostains were concurrently
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evaluated by two observers blinded to the clinical and pathological data. The scores of the two
observers were averaged for every sample. In the vast majority of cases, the observers were in
agreement. The expected/shown expression of Topo I or TS was very faint in normal colorectal
epithelial cells that were used as internal reference to evaluate the intensity of expression in tumor
cells. For Topo I, a score for intensity and distribution of nuclear staining was assigned according to
a 4-tier system. Intensity ranged from 0 to 3 (0 = no staining, 1 = weakly positive, 2 = moderately
positive, and 3 = strongly positive staining). The staining distribution considered the percentage of
positive tumor cells and ranged from 0 to 3 (0 =0 to 5%, 1 = 6% to 25%, 2 =26% to 50%, 3 =51%
to 100%). An overall Topo I expression score was calculated as the sum of the intensity and
distribution scores in each case. Cases with a total score of at least 4 were considered high
expression tumors (with altered pattern), whereas cases with a total score of 0—3 were considered
negative or low expression tumors (with normal pattern) [32]. TS expression levels were estimated
semiquantitatively based on the intensity of cytoplasmic staining that has been previously validated
as an accurate measure of protein levels [47]. In particular, TS staining considered both positive
tumor cell percentage and staining intensity as follows: distribution score 0: <1% positive cells,
score 1: 1-20%, score 2: 21-50%, score 3: 51-80%, score 4: >80%; intensity: score 1 (weak), score
2 (moderate), and score 3 (strong).

Where the neoplastic tissue showed a patchy, non-uniform staining intensity, the value was referred
to the prevalent intensity. A finalscore was obtained by adding the two previous values as follows:
negative (sum range 0-2), low (3-5), and high (6—7) expression, respectively. For the purpose of
the study, scores 6—7 were considered high TS expression (altered pattern) whereas scores 0—5 were
considered normal [48]. The immunostaining protocols and the semiquantitatively evaluations for

hMLH1, hMSH?2, FHIT, p27, p53, Cox-2, MGMT and p21were previously described [49].
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Molecular analysis

Specimens of freshly resected CRCs were snap-frozen in liquid nitrogen and subsequently stored at
—80°C. In all cases, corresponding normal colon mucosa was collected and used as matching
control. DNA was extracted using the QIAGEN DNeasy tissue kit (QIAGEN, Hilden, Germany)
from 15 to 25 cryostat sections (20 mm-thick) of the tumor and matching normal samples. Only
tumor samples containing at least 80% of neoplastic cells were considered. A panel of six
polymorphic microsatellite markers located on chromosomal regions potentially involved in CRC
development and progression was used to assess allelic imbalance: D18S58 (18q22-23), D18S61
(18q22) [12], BAT26 (2pl6), BAT40 (1p13) [50], D8S254 (8p22) [51], D4S2397 (4pl14-16) [52]
and D5S346 [53]. The markers were selected from the Genome database (www.geneatlas.org) on
the basis of chromosomal location and heterozygosity. The PCR conditions and fragment analysis
have been described previously [49]. An imbalance factor was calculated as the ratio of relative
allelic peak area in the tumor DNA to relative allelic peak area in the corresponding normal DNA
on the basis of the following formula: (lowerallele/higher allele)tum/(lower allele/higher
allele)norm. For informative markers, values of 0.6 (allelic imbalance of 40%) were considered as
indicative of LOH [54]. The presence in the tumor DNA of one or more additional alleles, i.e. new
peaks in the electropherogram, not present in its paired normal DNA, indicated MSI [55]. Tumors
were classified as highfrequency MSI (MSI-H) when instability was detected in at least 40% of the
informative microsatellite markers, or as low-frequency MSI (MSI-L) when instability was found in
less than 40% of the markers; tumors without MSI were defined as microsatellite-stable (MSS)

[53]. For the purposes of this study, MSS and MSI-L cases were grouped.

Statistical Analysis
The Chi-square test was used to correlate categories Topo I and TS expression with the
clinicopathological and molecular variables. Correlations between Topo I and TS expression and

patient age were evaluated using the Wilcoxon matched-pairs test. Univariate survival analysis was
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performed by Kaplan Meier analysis, and differences between survival curves were studied by Log
Rank test. The overall survival rate was stated as a five-year rate expressing the percentage of
patients alive five years after surgery. All statistical analyses were performed using SPSS for

Windows 95, version 9.0 (SPSS UK, Surrey, UK) at a significance level of p < 0.05.
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PAPER III

Study design
This is a retrospective review of a series of patients diagnosed and resected with curative intent for

multiple sporadic colorectal cancer from 1982 to May 2010.

Data collected

The medical records of patients with the diagnosis of multiple synchronous or metachronous
colorectal cancer treated at our Institution between 1982 and 2010 were retrospectively reviewed. A
database of patients with a histological diagnosis of multiple colorectal adenocarcinoma and viable
specimens was created. Follow-up data were obtained from the Parma Cancer Registry and
patients' clinical charts.

Demographic and clinical data (age, gender, history of cancer, history of colonic polyposis, type of
surgery, post-operative morbidity and mortality), pathological data (location of tumours, interval
time between tumours, TNM Staging according to the American Joint Committee on Cancer,
number of lymph nodes examined, number of lymph nodes positive, grade, histologic type) and
data on adjuvant chemotherapy and radiotherapy were collected. If not clearly reported by clinical
charts and registries, anamnestic data were additionally collected by telephone.

In order to focus the analysis only on sporadic colorectal cancers, familial adenomatous polyposis,
Lynch syndrome cases and the presence of Amsterdam II criteria for hereditary non-polyposis CRC
were considered as specific exclusion criteria [12]. Patients affected by inflammatory bowel disease
were also excluded.

A metachronous cancer was defined as a second primary colorectal cancer occurring more than 6
months after the index cancer without evidence of local recurrence [13,14].

In order to summarize the location of the tumours, the large intestine was divided into 3 sectors

based on the main feeding vessels: Right-section (R) from the caecum to the proximal transverse
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colon fed by the ileo-colic and the right colic vessels, Transverse-section (T) from the middle
transverse colon to the splenic flexure fed by the middle colic vessels and Left-section (L) from the
descending colon to the rectum fed by the inferior mesenteric vessels. Thus, the location of MSCRC
was classified into 3 groups based on the combination of the two colorectal sections involved for
each patient: right and left sections (RL), right and transverse sections (RT), left and transverse
sections (LT).

Since there were no cases of total colectomy, the extent of surgical resection was classified into two
categories: multiple segmental colorectal resections in the case of preservation of at least one main
pedicle with all its branches, and subtotal colectomy when one branch of the only preserved pedicle
was ligated. Reconstruction of the bowel transit was achieved through 5 different procedures: ileo-
transverse colo-rectal anastomosis (ITR), ileo-descending colonic anastomosis (ID), ileo-sigmoid
colonic anastomosis (IS), ascending colo-rectal anastomosis (AR), or anti-peristaltic caeco-rectal

anastomosis (aCR) [15].

Statistical Analysis

Data were analyzed using SPSS software (version 14.0; SPSS, Inc., Chicago, IL, USA). Survival
analysis was performed utilizing the Kaplan-Meyer method comparing cases to 4790 controls
resected with curative intent for a single colorectal cancer from the Parma Cancer Registry from
1992 to 2011. Follow up of metachronous CRC patients was considered as starting at the time of
the first colorectal resection or alternatively as starting at the time of the second colorectal
resection, when judged appropriate. Possible prognostic factors influencing survival were first
evaluated by univariate analysis (log-rank test). Only parameters which showed significance in
univariate analysis were further analyzed by multivariate analysis (Cox proportional hazards test,

forward-conditional method). Statistical significance was determined by a p value of less than .05.
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RESULTS

PAPER 1

A total of 26 patients were enrolled. Two patients dropped out for lack of compliance to the
protocol, one patient was excluded after the randomization for intraoperative cardiovascular
complication causing a 5 days of ICU stay, one patient was excluded after the randomization for the
intraoperative finding of massive peritoneal carcinosis.

A total of 22 patients were included in the study, of which 10 patients were assigned to the
experimental group and 12 patients to the control group. There were 8 female (36%) and 14 males
(64%) with a mean age of 77 years (range: 70-90). The mean BMI was 25.6 (range: 21.4 - 34.9)
There was no difference in terms of age (p=0.925), gender (p=0.204), BMI (p=0.978), laboratory
preoperative blood test and ASA score (p=0.793) between the two groups.

A laparoscopic colo-rectal resection was performed in 64% of patients, with a conversion rate of
9%. The mean operating time was 270 minutes (range: 80-470). There was only one intraoperative
complication. The two groups were similar in terms of procedures performed, operating time,

conversion rate and intra-operative complication.

Post-operative course

Almost 32% of the patients was admitted to the intensive care unit (ICU) with a median lenght of
ICU stay of 1 day. Postoperative morbidity rate was 45.5% with a 9% equal or greater than grade 3
complications of Clavien-Dindo classification. There were 2 cases of postoperative ileum, 2 cases
of atrial fibrillation, 1 case od rectal bleeding and 1 case of anastomotic leak. The two groups were

similar in terms of postoperative morbidity. The overall 30 days-mortality was 0%.

Enhanced recovery program with rehabilitation device

ERP enhanced by a rehabilitation device in elderly patients was well-accepted by patients

28



randomized for experimental group, with a compliance rate of 86%. Patients of ERP group showed

No adverse event was reported.

Post-operative pain
Postoperative pain was lower in the ERP group even if not significant (p=0.371) at general linear
model for repeated measures. (Fig.2) Patients randomized for ERP group showed a tendency to an

earlier postoperative reduction of VAS score.

Recovery of the bowel function

Postoperative nausea and vomiting were similar in both group with an overall rate of nausea in
post-operative day 1,2 and 3 of 15%,5% and 25% respectively and an overall rate of vomiting in
post-operative day 1,2 and 3 of 0%,0% and 20% respectively. In the ERP group, oral fluids were
tolerated by 78% of patients within the first postoperative day, and 67% tolerated oral diet on the
first postoperative day. The time to tolerate oral fluids and oral diets were both lower for ERP group
(0.9 vs. 3.25 days, p<0.001; 2.2 vs.4.3 days, p<0.001). Recovery of the bowel function was earlier
for ERP patients for either first flatus (1.8 vs. 2.4 days, p<0.001) and defaecation (2.3 vs. 3.6 days,

p<0.001).

Post-operative mobilization

Early mobilization within postoperative day 2 was achieved in the 80% of ERP patients vs. 25% of
controls (p=0.010), with a significant reduction of the rehabilitation time (sitting 1.7 vs.2.4 days,
p=0.068; standing 1.9 vs.3.3 days, p=0.003; deambulation 2.6 vs.3.8 days, p=0.013). Recovery of
physical performance was similar for the two groups albeit better for ERP patients (% variation

6MWD -26% vs. -38%, p=0.374).
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Length-of-hospital-stay

The median lenght-of-hospital-stay was 8 days (range: 5-13). The median lenght-of-hospital-stay
for patient to be defined dischargeable was 7 (range: 5-11). Length-of-hospital-stay was similar in
the two groups although lower for ERP patients (LOS 9.00 vs. 9.75, p=0.617) as well as for lenght-
of-hospital-stay for patient to be defined dischargeable (LOS to be defined dishargeable 7.00 vs.

7.82, p=0.152)

Quality of life
Comparison of pre- and post-operative of SF-36 health questionnaire showed similar results for all
the eight sections. Only comparison of the mental health section revealed a tendency for a greater

disability for ERP patients (p=0.069).
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PAPER 11

Clinical and pathological variables

High expression of Topo I was found in 34 (36%) of 94 CRC cases. The remaining 18 cases were
considered inadequate due to poor immunostaining poor immunostaining likely caused by defect in
fixation that impaired the interpretation of the results. No statistically significant differences in
Topo I staining were found according to the clinicopathological variables analyzed (Table 2).
However, increased Topo I expression occurred more frequently in tumors with rectal location
(50%), AJCC stage I and III (45% and 41%, respectively) and adenocarcinoma, NOS (44%). All
other variables were evenly distributed among the groups. High TS expression was found in 67
(60%) of 112 cases, and it was more frequent in distal CRCs (62%), AJCC stage I and II (67%and
63%, respectively) and in adenocarcinomas, NOS (66%). Gender and grade of differentiation were

equally distributed among groups(Table 2). Representative immunostains are illustrated in Fig. 1.

Molecular markers

Among the chromosomal loci investigated by LOH analysis, increased expression of Topo I was
significantly associated only with allelic losses at chromosome 18q (p = 0.013; Table 3). High Topo
I expression also correlated with MSS phenotype (p = 0.02) and normal tissue staining for h(MLH1
and hMSH2 (p = 0.0012and p = 0.02, respectively). No statistically significant differences in Topo I
expression were found among the other markers examined, MGMT, FHIT, Cox-2, p21, p27 and
p53 (Table 3).The expression of TS was not affected by LOH status at any chromosome locus. High
TS expression was more frequent in MSS CRCs (63%) and in tumors with normal expression of
hMLH1 (61%) and hMSH2 (58%), but differences did not reach the statistical significance. A
significant correlation was found between the expression of TS and p27 (69%, p = 0.0008) and
FHIT (63%, p < 0.035) staining. No association was observed with MGMT, Cox-2, p21 and p53

expression (Table 3).
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Survival

Five-year OS was not affected by Topo I expression levels (99 months for normal, CI 81-116
months vs. 85 months for high Topo I expression, CI 61-108 months; log-rank p = 0.524). This
result was confirmed when 5-FU/LV-treated patients were considered (60 months for normal, CI
32—-88 months vs. 49 months for high Topo I expression, CI 12—-87 months; log-rank p = 0.97).
Five-year OS rates were also independent of TS staining intensity (95 months for normal, CI 75—
114 months vs. 93 months for highTS expression, CI 76-111 months; log-rank p = 0.577). TS
expression had no effect on survival of 5-FU/LV-treated patients (57 monthsfor normal, CI 28—85

months vs. 53 months for high TS expression,CI 16-90 months; log-rank p = 0.819).
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PAPER III

Population characteristics

Of 28 patients diagnosed with multiple colorectal cancers 23 fulfilled the inclusion criteria, 8
(33%) with SC and 15 (67%) with MC. The median age at the time of diagnosis was 72 years
(range: 63-80) for SC patients and 71 years (range: 50-85) and 78 years for index and metachronous
cancers respectively in MC patients, with a mean interval time between the diagnosis of the first
and the second cancer of 106 = 97 months (range: 8-360). The majority of MC patients developed
the second cancer after 5 years (60%), 2 (13%) within 2 years and 4 (27%) in the time period of 2—5
years .

No difference was found comparing the mean age at diagnosis of multiple vs. single sporadic
colorectal cancer patients (69 vs. 70 years; p=0.787), although MC patients developed the
metachronous cancer at a significantly later age than controls (77 vs. 70; p=0.024). The male-to-
female ratio of SC and MC groups was 1.00 and 2.75 respectively, whereas the ratio of controls was

0.97.

Location

Cancer location is shown in Table 1. Eight, 11 and 4 patients were reported in group RL, LT and
RT respectively. There were 5 patients with SC in the RL group, 1 in the LT group and 1 in the RT
group. Only one patient, classified as LT, had three synchronous cancers, located at rectum,
sigmoid colon and splenic flexure (Tab. 1). Twelve out of the 15 patients with MC (80%) had the
first tumour located distally to the splenic flexure - 5 at the descending colon and 7 at the rectum; 3
of these subsequently developed a second cancer at the right colon, 8§ at the transverse colon and 1
at the rectum. The remaining 3 MC patients had the first tumour located proximally to the hepatic
flexure - 1 at the ascending colon and 2 at the hepatic flexure; these patients subsequently

developed a second cancer at the transverse colon.
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Surgical resection and clinical outcomes

The extent of surgical resection and reconstructive procedures are reported in Table 1. We
performed a multiple segmental colorectal resection in 19 patients (83%). A subtotal colectomy was
performed in 4 patients, 2 preserving the sigmoid colon fed by the sigmoid vessels and 2 preserving
the caecum fed by the ileo-colic vessels, all due to a blood supply of the remnant colon judged as
insufficient after multiple segmental colorectal resections. Bowel reconstruction was achieved
through 9 AR (39%), 8 ITR (35%), 2 ID (9%), 2 IS (9%) and 2 aCR (9%) anastomoses. All the 8
patients with RL cancer location underwent ITR anastomosis with middle colic vessel preservation;
the left colic vessels were preserved in 2 of those patients. The 4 patients with RT cancer location
underwent 2 ID and 2 IS anastomoses respectively; the left colic vessels were consistently
preserved in the 2 ID anastomoses while the middle and left colic vessels were both ligated in the 2
patients undergoing IS anastomosis. Nine out of the 11 patients with LT cancer location underwent
AR; in 4 patients the middle colic vessels were preserved. The remaining 2 patients underwent aCR
anastomosis.

Overall postoperative morbidity and mortality were 26% and 0% respectively. No difference in
terms of morbidity and mortality between multiple segmental resection and

subtotal/total colectomy was found (27% vs. 50%; p=0.231).

Pathological Findings

Stage, grade and histotype are reported in Table 1. Comparison of tumour stage in SC patients
showed concordance for only 2 patients (25%) with a double stage I cancer. Four SC patients were
diagnosed with stage II or stage III cancer associated with a stage I cancer. Only 1 SC patient was

diagnosed with a combination of stage Il and stage III cancers and only 1 patient was diagnosed
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with a stage [Va multiple pT3NO and pT1INO colorectal cancer with a single synchronous colorectal
liver metastasis. Only 2 SC patients had a nodal involvement (25%).

Comparison of tumour stages in MC patients showed a concordance in 9 patients out of 15 (60%),
with double stage I, II and III colorectal cancers in 3, 3 and 3 patients respectively. There were 3
patients with stage I and stage III colorectal cancers, 2 patients with stage I and stage II colorectal
cancers and 1 patient with stage II and stage III colorectal cancers. Overall 7 MC patients had a
nodal involvement in at least one cancer (47%).

Comparison of grade of tumours in SC patients showed discordance in all but two patients,
diagnosed with two G2 cancers. Five patients with SC had at least one poorly differentiated cancer
(71%). On the other hand, grades of MC were mostly similar (67%), with a prevalence of poorly
differentiated tumours higher than SC (14/30 vs. 5/16 ; p=0.362).

Mucinous histotype was found in 12 tumours with an overall prevalence of 26%. SC patients
showed a higher prevalence of cancers with mucinous histotype, albeit not significant (31% vs.
23%; p=0.726). Four patients had both mucinous tumours whereas 4 patients had only one

mucinous tumour.

Adjuvant treatment

Adjuvant treatment was administered to 4 patients. No patient received neo-adjuvant or adjuvant
radiation therapy. The most common chemotherapeutic regimen administered was 5-fluorouracil
with leucovorin. There was no significant improvement in overall survival for patients diagnosed
with at least one stage III cancer treated with adjuvant therapy when compared with patients who

were not treated.
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Survival Analysis

The median follow-up of SC and MC patients was 78 and 132 months respectively. The 5-year and
10-year overall actuarial survival rates were 100% and 80% in SC patients, 87% and 78% from the
first cancer in MC patients, and 55% and 41% in single sporadic cancer patients respectively
(p=0.002). (Fig. 1)

No difference was found comparing overall survival of single colorectal cancer patients vs. MC
patients after the second colorectal resection (5-year OS 41% vs. 66%; p=0.259). Interval time
between the index and second cancer did not predict survival after the second cancer in MC patients
(OR 1.005, CI 95%= 0.996 - 1.013; p=0.284). In fact, the 5-year overall survival after the second
cancer of MC patients developing the second cancer before or after the 5-year-surveillance was
67% and 64% respectively (p=0.883). A recurrence was documented in 6 patients (26%). The first
site of recurrence was loco-regional in 1 SC patient and distant in 5 patients: 3 MC patients and 2
SC patients. The site of distant failure was the liver in 2 patients, the lung in 2 patients and the
peritoneum in 1 patient. The 5-year and 10-year cancer-free survival rates of SC patients were 88%
and 47%, with a median time to tumour recurrence of 74 months and a median survival after the
diagnosis of recurrent disease of 5.5 months. The 5-year and 10-year cancer-free survival rates of
MC patients from the second tumour were 76% and 76%. Two MC patients had a cancer relapse
over 10 years of follow-up, 1 with pulmonary and 1 with hepatic metastasis. (Fig. 2)

Univariate analysis demonstrated that later age at the first cancer diagnosis (p=0.002) and nodal
involvement (p=0.064) were associated with a significant decrease in overall survival in MSCRC
patients (Tab. 2). Multivariate analysis performed on MSCRC and controls identified the tumour
stage (Stage II OR: 2.542; CI: 2.260 - 2.858; p<0.001; Stage III OR: 8.650; CI: 7.583 - 9.868;
p<0.001), age at diagnosis (OR: 1.053; CI: 1.049 - 1.057; p<0.001) and single colorectal cancer
(OR: 4.411; CI: 1.834 - 10.612; p=0.001) as independent predictors of poor prognosis. The Cox
proportional hazards test, performed on the MSCRC patients, failed to identify independent

predictors of prognosis.
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DISCUSSION

PAPER 1

Colorectal resections are increasingly performed on elderly or high-risk patients. Such surgery is
frequently associated with high postoperative morbidity and mortality rates due to multiple co-
morbidities and loss of cardiac and respiratory reserve. [27] Despite these issues surrounding the
immediate postoperative period, long-term survival in elderly patients after colorectal resection is
similar to survival in younger groups. [28,29] The enhanced recovery program following colorectal
resection has been shown to offer a reduced total hospital stay for patients without an increase in
morbidity or readmission rates. However, concerns have been raised regarding the use of such
multimodal rehabilitation in selected groups of patients. [30] There has been a considerable increase
in the age of surgical patients with colorectal cancer in the last three decades, with 22% of patients
reported to be 80 years of age. [31,32] With the additional benefits reported using the laparoscopic
approach, including reduced morbidity and mortality, further focus needs to be directed toward
improving the perioperative management of this high-risk group of patients. [33] The present study
examines the outcomes of a novel ERP enhanced by a rehabilitation device in a population of
patients of 70 years of age diagnosed with colorectal cancer undergoing surgery with curative
intent, further demonstrating the feasibility of this management approach and assessing adherence
to the protocol.

ERP enhanced by a rehabilitation device in elderly patients was safe and feasible. All but two
patients were compliant to the protocol. The information given to the patients during the
preoperative counselling on the advantages of ERAS protocol and early mobilization, aroused
enthusiasm in all the patients, enhancing a strong motivation for partecipating in the postoperative
rehabilitation in both groups of treatment. As further proof of this enthusiasm, almost all the control
patients demonstrated disappointment when they learned to be randomized for the control group.

however, concerns exist regarding compliance with the protocols. Maessen et al. reported on
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compliance in a single-center study of 425 patients raising concerns about the adherence of elderly
patients to the protocol and remarking the association between postoperative compliance and fast
recovery [34].

Our ERP failed to demonstrated a reduction in postoperative pain, nausea and vomiting and the
reasons should be addressed to the small size of the sample. In fact the earlier oral fluid and oral
diet tolerance represent indirect proofs of reduced nausea and vomiting in ERP patients, as well as
the earlier recovery of bowel function.

Early structured mobilization is central to any enhanced recovery protocol at any age. [35,36] Early
upright mobilization does not only improve respiratory function but also has been suggested to
reduce the length of hospital stay. [37,38] In multivariable analysis, Hendry et al. identified
independent predictors of prolonged mobilization to be age of C 80 years and higher American
Society of Anesthesiologists (ASA) score [39]. In literature, mobilization on the first postoperative
day was achieved in 26-40% of elderly patients, [20,34], rising concerns on the feasibility of ERP in
such population. Forcing an elderly patient to stand up after 24-48 hours from major abdominal
surgery could be not-well tolerated, owing to poor physical performance, severe comorbidities and
psycological opposition. In our opinion the elderly patients could not benefit from forcing
rehabilitation protocol and they should be mobilized through a more tailored rehabilitation
approach. Physical rehabilitation is a critical point of this study and our results demonstrated that
ERP supported by a rehabilitation device could be successful in elderly patients, overcoming the
traditional limitations of physical rehabilitation of these patients. The Delettizzatore allowed a more
gradual administration of physical exercise, starting from the first postoperative day in supine
position, leading to a reduction of rehabilitation time and postponing the target of the early
mobilization of elderly patients at postoperative day 2. Unfortunately the small size of the sample
didn’t permit to identify an earlier recovery of the physical performance at the time of discharge, as
well as for lenght-of-hospital-stay and quality of life. We found a tendency to a shorter LOS for

ERP patients but this results should be confirmed on larger series, controlling all the factors
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influencing LOS.
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PAPER 11

We analyzed the tissue expression of Topo I and TS in a well-characterized series of primary CRCs
and investigated their correlation with standard clinico-pathological variables, MSI status and other
molecular markers implicated in colorectal carcinogenetic process. Topo I plays a pivotal role in
key cellular processes, and it is the target of anti-neoplastic drugs used in clinical practice [29,56]. It
has been suggested that higher levels of Topo I expression may predict the response to irinotecan
containing neoadjuvant treatments in rectal cancer [57]. In addition, the results of the MRC FOCUS
trial in metastatic CRC demonstrated that tumors with moderate or high levels of Topo I expression
had the greatest benefit from adding irinotecan or oxaliplatin to 5-FU in the first-line setting [34].

In the current study, 36% of CRCs showed increased nuclear expression of Topo 1. These data are
in agreement with the results of Boonsong et al. [33] and Kostopoulos et al. [32], who found high
expression in 24.4% and 48% of cases, respectively; conversely, Staley et al. [35] reported an
elevated Topo I expression in 86% of cases. This variability may be attributed to the differences in
the score systems used to evaluate the immunostains and in the sample sizes among studies
[32,33,35]. No significant correlation was observed between Topo I staining and gender, age, tumor
site, differentiation grade and AJCC stage, suggesting that Topo I inhibitors are active across
different tumor histologies, stages and genders [33,59]. Interestingly, high expression of Topo I was
significantly associated with CIN-related CRCs as shown by the correlation with LOH at the 18q
locus, MSS phenotype and normal expression of MMR proteins hMLH1 and hMSH2. This finding
has never been reported previously, to the best of our knowledge, and suggests that CIN-related
sporadic CRC, in particular those with 18qLOH, may show a more favorable response to Topo I
inhibitors treatment. This observation is clinically relevant as CRCs with 18qLOH and MSS
phenotype seem to have a poorer prognosis as also confirmed by a non-significant trend in OS
observed in our patients with high Topo I expression (85 months vs 99 months of normal protein).
Several studies reported a significantly lower survival for CRCs with 18q LOH [15,60] with a two

to seven fold increased risk for death [7,13,15] and recurrence [61]. However, other investigations
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failed to demonstrate any prognostic effect [8,16,58,62]. The present results suggest that Topo I
expression might confound the impact of 18qLOH on survival at least in those receiving anti-Topol
agents. Unfortunately, we could not test this hypothesis on the present series due to the small
number of treated patients, but it certainly warrants further investigation.

TS is a key enzyme for DNA synthesis, and its competitive inhibition constitutes the major anti-
tumoral mechanism of 5-fluorouracil therapy. In our series, high TS expression was observed in
60% of cases, mainly adenocarcinomas not otherwise specified. Previous studies have reported
similar rates of TS positivity in CRCs, ranging from 53 to 72% [63—66]. No significant differences
in TS expression were found in relationship to gender and age, tumor location, AJCC stage, his-
tological grade and TS expression in agreement with other authors [66,67]. Among the many
molecular features considered, high TS staining was found to correlate only with the normal
expression of the cell cycle molecule p27 and FHIT. These results may suggest that the TS protein
is not involved in the molecular pathways associated to the cyclin dependent kinase inhibitor p27
and to diadenosine hydrolase FHIT, involved in purine metabolism. Notably, no significant
differences in TS expression were observed according to MSI status and MMR proteins
immunostaining. Earlier reports on this issue have been conflicting, arguing either for a direct
correlation [48,68,69] or no association [67,70]. Our results are in agreement with those authors
[67,70] who reported that MSI status and TS expression are unrelated, and suggest that TS levels
cannot explain the therapeutic resistance to 5-FU in MSI-H CRCs. Discrepancies among studies

may partly relate to a lack of consistency in the criteria used to score TS immunostains [27,71].
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PAPER III

MSCRC is a relatively rare disease. The reported incidence of multiple primary colorectal cancers
is considerably variable, ranging from 0.6 to 10.6%; the probable reasons for this variability are the
low incidence, the lack of routine screening for heredo-familial colorectal cancer syndromes and,
most of all, the lack of distinction between sporadic and non-sporadic multiple colorectal cancer
[16,17].

Several authors reported a lower mean age at diagnosis compared with that for single sporadic
colorectal cancer, ranging from 47 to 71 years, supporting the hypothesis that MC patients tend to
be of a younger age at the diagnosis of the first cancer. These results come from series including
both sporadic and non-sporadic multiple colorectal cancer patients [18,19]. The age at diagnosis of
MSCRC in our series was similar to that of single sporadic colorectal cancer patients, for both SC
and MC patients. To date, younger age for index cancer remains a marker of heredo-familial cancer
syndrome, in particular HNPCC, and therefore genetic counselling and testing are recommended in
young patients [12].

The most relevant and surprising data of our series arose from survival analysis: both synchronous
and metachronous multiple sporadic colorectal cancer patients showed a significantly better
prognosis than single sporadic colorectal cancer patients. MC patients showed an even better 5-year
trend than controls also when considering survival from the second cancer, despite a significantly
higher median age (78 vs 70 years).

Survival data suggest the hypothesis of a different pathogenesis between MSCRC and single
sporadic colorectal cancer, possibly resulting in a less aggressive biologic behaviour for MSCRC.
The comparison of pathologic features of multiple cancers in each patient revealed a tendency of
SC patients to develop cancers of differing stage and grade, whereas MC patients tend to develop
cancers of similar stage and grade in the vast majority of cases. Mucinous histotype as a pathologic
feature appears to have a similar distribution among SC and MC patients to that of the general

population. Those data are surely not sufficient to account for such a difference in survival rate;
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only a thorough pathological and genetic analysis on larger samples could yield more exhaustive
answers. Moreover, SC and MC patients present important differences from a pathological and even
clinical and therapeutic point of view, and thus can hardly be considered as a unique group.

There is a growing amount of data on the relationship between the anatomic sub-site of colorectal
cancer and different pathogenic and clinical features. It has recently arisen that a different anatomic
sub-site of a primary colorectal cancer determines a different risk of a second metachronous cancer,
although the results are controversial [20,21]. In our series the most frequent cancer location pattern
for SC patients was the right and left colon, while the most frequent cancer location of the index
cancer in MC patients was distal, in accordance with Phipps et al. [20]. Moreover, in MC patients,
the vast majority of metachronous cancers arose from the transverse colon, proximally to the
resected primary colonic segment. These data suggest that the pathogenesis of SC could differ from
that of MC and that metachronous cancer location could have been influenced by environmental
promoting factors as well as by additional factors related to the type and the extent of the previous
colorectal surgery.

From a clinical/therapeutic point of view, while SC patients represent a distinct subgroup of cancer
patients with a possibly better prognosis, MC patients could be considered as a subgroup of patients
with a new sporadic colorectal cancer after a curative treatment of the first one, thus reflecting both
a higher tendency to develop colonic cancer and a positive response to oncologic treatment. If these
hypotheses are confirmed in larger studies, they could lead towards a tailored therapeutic approach
for synchronous MSCRC and a tailored surveillance program for metachronous MSCRC.
Unfortunately, the present predictors of metachronous cancer have a low sensitivity and they are not
able to accomplish an effective risk stratification among patients resected for a sporadic colorectal
cancer, raising questions as to the cost-effectiveness of endoscopic surveillance. Moreover, many
authors reported an extremely varying average of interval to detection of a metachronous colorectal
cancer [10,13,16,22]. In our series 63% of the MC patients developed the second cancer after the 5

years of surveillance and the interval time did not influence the prognosis of the second cancer.
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Concerning the surgical approach, in our series it was constantly conservative, aimed at the
preservation of bowel function, subtotal and total colectomy being performed only in the case of
suboptimal or insufficient blood supply of the remnant colon [23]. Supported by our short- and
long-term results, segmental or regional colonic resections seem appropriate in the elective
treatment of MSCRC, and the indication for a total colectomy should not be based on oncologic

purposes in either SC or MC patients.
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GENERAL DISCUSSION

More than 1.2 million patients are diagnosed with colorectal cancer every year, and more than
600 000 die from the disease. Incidence strongly varies globally and is closely linked to elements of
a so-called western lifestyle. Incidence is higher in men than women and strongly increases with
age; median age at diagnosis is about 70 years in developed countries. Colorectal resections are
increasingly performed on elderly or high-risk patients. Such surgery is frequently associated with
high postoperative morbidity and mortality rates. Despite these issues surrounding the immediate
postoperative period, long-term survival in elderly patients after colorectal resection is similar to
survival in younger groups. Therefore new strategies are needed to reduce perioperative stress of
elderly patients, aimed to reduce lenght of hospital stay, postopertive morbidity rates and health
care costs. The enhanced recovery program following colorectal resection demonstrated to offer a
reduced total hospital stay for patients without an increase in morbidity or readmission rates, even
in elderly patients but several limitations were identified, in particular, lack of compliance and low
early mobilization rate. The results of the main project (paper I), a clinical prospective controlled
trial, demonstrated that our ERP in the elderly patient supported by a rehabilitation device is
feasible and safe, with a significant reduction in time to recovery of the bowel function, earlier
tolerance to oral fluids and oral diet and improving the recovery of the physical performance, even
if the small sample size did not allow definitive conclusions. More studies are needed to clear the
potential benefit of such programs, including different type of surgical procedure.

The cornerstones of colo-rectal cancer therapy are surgery, neoadjuvant radiotherapy for patients
with rectal cancer, and adjuvant chemotherapy. Indications for adjuvant chemotherapy are
essentially based on cancer staging (stage III/IV and high-risk stage II), but tumor response to the
available cytotoxic agents are rarely predictable. In spite of advances in systemic therapy, the 5-
year survival rate is still a mere 12.5%, and the primary reason for treatment failure is believed to

be acquired resistance to therapy which occurs in 90% of patients with metastatic cancer. Several
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biological markers have been investigated for a prognostic role in CRC, among which are
topoisomerase I (Topo I) and thymidylate synthase (TS), whose expression levels correlate with
survival although this evidence is controversial among different studies. Antineoplastic drugs
targeting Topo I, such as irinotecan and camptothecins, form stable Topo I-DNA cleavage
complexes and inhibit Topo I activity, thus preventing DNA religation. Topo I is expressed in
primary CRCs and metastases, but it is debated whether its expression can predict the response to
anti-Topo I treatments. The expression of TS may affect tumor sensitivity to fluoropyrimidines,
such as 5-fluorouracil (5-FU). In the first side-project (paper II), we analized retrospectively the
expression of Topo I and TS in tumor tissue by immunostaining for comparing it with pathological
and clinical variables, patients’ outcomes and molecular characteristics (MSI, LOH and other
markers implicated in CRC carcinogenesis). Interestingly, high expression of Topo I was
significantly associated with CIN-related CRCs. This finding has never been reported previously, to
the best of our knowledge, and suggests that CIN-related sporadic CRC, in particular those with
18qLOH, may show a more favorable response to Topo I inhibitors treatment. High TS staining was
found to correlate only with the normal expression of the cell cycle molecule p27 and FHIT. These
results may suggest that the TS protein is not involved in the molecular pathways associated to the
cyclin dependent kinase inhibitor p27 and to diadenosine hydrolase FHIT, involved in purine
metabolism. Notably, no significant differences in TS expression were observed according to MSI
status and MMR proteins immunostaining.

About 25% of patients with colorectal cancer have a family history of colorectal cancer that
suggests a hereditary contribution, common exposures among family members, or a combination of
both, whereas the majority of patients have a sporadic disease with no apparent evidence of having
inherited the disorder. Multiple colorectal cancer can occur in the absence of a defined heredo-
familial syndrome, presenting as metachronous carcinomas in patients with a history of sporadic

colorectal cancer or two or more sporadic synchronous carcinomas at the diagnosis.
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The second side-project (paper III, see above), investigated retrospectively on patients curatively
resected for multiple sporadic colorectal cancer, both synchronous and metachronous, comparing it
with survival of single colo-rectal cancer patients from a large series of Parma Tumor Registry. The
most relevant and surprising data of our series arose from survival analysis. Either synchronous and
metachronous multiple sporadic colorectal cancer patients showed a significantly better prognosis
than single sporadic colorectal cancer patients. Metachronous cancer patients showed an even better
5-year trend than controls also when considering survival from the second cancer, despite a
significantly higher median age (78 vs 70 years). Survival data suggest the hypothesis of a different
pathogenesis between MSCRC and single sporadic colorectal cancer, possibly resulting in a less

aggressive biologic behaviour for MSCRC.
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CONCLUSIONS

In conclusion, our enhanced recovery program supported by a rehabilitation device is feasible and
safe for the elderly patient, with a significant reduction in time to recovery of the bowel function,
earlier tolerance to oral fluids and oral diet and improving the recovery of the physical performance.
This study further supports the use of the enhanced recovery program after colorectal resection in
elderly patients. Owing to the small size of the sample, these results must be confirmed on larger
series of elderly patients.

The results of second paper (paper II) provide evidence that Topo I expression is linked to the CIN
pathway of sporadic colorectal cancers. In particular, the association between high Topo I and
18qLOH may account for the poorer prognosis of 18g-deleted tumors. Conversely, high TS
expression is unlikely to play any role in the behavior of colorectal cancers characterized by
microsatellite instable pheno-type.

Retrospective analysis of the multiple sporadic colorectal cancer series treated at our institution
(paper III) showed that multiple sporadic colorectal cancer have specific clinico-pathological
features with a better prognosis than single sporadic colorectal cancer, both for synchronous and
metachronous cancer patients. Segmental or regional colorectal resections seem appropriate from an
oncologic point of view in the elective treatment of multiple sporadic colorectal cancer, and the
indication for a total colectomy should not be based on oncologic purposes in these patients. Future
research should confirm these results on larger series, possibly identifying a tailored therapeutic

approach and surveillance for this subgroup of oncologic patients.

48



REFERENCES
PAPER I

1.

10.

11.

Apfelbaum JL, Walawander CA, Grasela TH, Wise P, McLeskey C, Roizen MF, et
al.Eliminating intensive postoperative care in same-day surgery patients using short-acting
anesthetics. Anesthesiology 2002;97(1):66-74.

Williams BA, Kentor ML, Williams JP, Figallo CM, Sigl JC, Anders JW, et al. Process
analysis in outpatient knee surgery: effects of regional and general anesthesia on anesthesia-
controlledtime.[see comment]. Anesthesiology 2000;93(2):529-38.

Duncan PG, Shandro J, Bachand R, Ainsworth L, Duncan PG, Shandro J, et al. A pilot study
of recovery room bypass (“fast-track protocol”) in a community hospital. Canadian Journal
of Anaesthesia 2001;48(7):630-6.

Watkins AC, White PF, Watkins AC, White PF. Fast-tracking after ambulatory surgery.
Journal of PeriAnesthesia Nursing 2001;16(6):379-87.

Awad I, Chung F. Discharge criteria and recovery in ambulatory surgery. Day Surgery.
Development and Practice 2006:241-255.

Deutsch N, Wu CL. Patient outcomes following ambulatory anesthesia. Anesthesiol Clin
NorthAmerica 2003;21(2):403-15

Wilmore DW, Kehlet H. Management of patients in fast track surgery. BMJ
2001;322(7284):473-6.

Basse L, Hjort Jakobsen D, Billesbolle P, Werner M, Kehlet H. A clinical pathway to
accelerate recovery after colonic resection. Ann Surg 2000;232(1):51-7.

Schoetz DJ, Jr., Bockler M, Rosenblatt MS, Malhotra S, Roberts PL, Murray JJ et al. “Ideal”
length of stay after colectomy: whose ideal?Dis Colon Rectum 1997;40(7):806-10.

Kehlet H. Multimodal approach to control postoperative pathophysiology and rehabilitation.
Br J Anaesth 1997;78(5):606-17.

Kehlet H, Wilmore DW. Multimodal strategies to improve surgical outcome.Am J Surg

49



12.

13.

14.

15.

16.

17.

18.

19.

20.

2002;183(6):630-41.

Kehlet H, Dahl JB, Kehlet H, Dahl JB. Anaesthesia, surgery, and challenges inpostoperative
recovery.

Kehlet H, Mogensen T. Hospital stay of 2 days after open sigmoidectomy with a multimodal
rehabilitation programme. Br J Surg 1999;86(2):227-30

Basse L, Raskov HH, Hjort Jakobsen D, Sonne E, Billesbolle P, Hendel HW, et
al.Accelerated postoperative recovery programm after colonic resection improves physical
performance, pulmonary function and body composition. Br J Surg 2002;89(4):446-53.
Jakobsen DH, Sonne E, Andreasen J, Kehlet H, Jakobsen DH, Sonne E, et al.
Convalescence after colonic surgery with fast-track vs conventional care. Colorectal Disease
2006;8(8):683-7.

Bradshaw BG, Liu SS, Thirlby RC. Standardized perioperative care protocols and reduced
length of stay after colon surgery. J] Am Coll Surg 1998;186(5):501-6.

Gatt M, Anderson AD, Reddy BS, Hayward-Sampson P, Tring IC, MacFie J, et
al.Randomized clinical trial of multimodal optimization of surgical care in patients
undergoing major colonic resection.[see comment]. Br.J.Surg 2005;92(11):1354-62.

Nygren J, Hausel J, Kehlet H, Revhaug A, Lassen K, Dejong C, et al. A comparison in five
European Centres of case mix, clinical management and outcomes following either
conventional or fasttrack perioperative care in colorectal surgery. Clin Nutr 2005;24(3):455-
61.

Fearon KC, Ljungqvist O, Von Meyenfeldt M, Revhaug A, Dejong CH, Lassen K, et al.
Enhanced recovery after surgery: a consensus review of clinical care for patients undergoing
colonic resection. Clin Nutr 2005;24(3):466-77.

Pawa N, Cathcart PL, Arulampalam THA, Tutton MG, Motson RW. Enhanced Recovery
Program following Colorectal Resection in the Elderly Patient. World J Surg (2012)

36:415-423

50



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Burtin C, Clerckx B, Robbeets C, Ferdinande P, Langer D, Troosters T, Hermans
G, Decramer M, Gosselink R. (2009) Early exercise in critically ill patients enhances short-
term functional recovery. Crit Care Med. ;37(9):2499-505.

D. Dindo, N. Demartines, and P.-A. Clavien, “Classification of surgical complications: a
new proposal with evaluation in a cohort of 6336 patients and results of a survey,” Annals of
Surgery, vol. 240, no. 2, pp. 205-213, 2004.

Berg KO, Wood-Dauphinee SL, Williams JI, Gayton D. Measuring balance in elderly:
preliminary development of an instrument. Physiotherapy Canada.1989 ;41:304-311.
Stewart AL,Hays RA, Ware JE Jr: The MOS Short Forma General Health Survey reliability
and validity in a patient population. Med Care 1988; 26:724-735.

Cooper KH. A means of assessing maximal oxygen uptake: correlation between field and
treadmill testing. JAMA.1968 ;203:201-204.

Yang D, He W, Zhang S, Chen H, Zhang C, He Y. Fast-track surgery improves
postoperative clinical recovery and immunity after elective surgery for colorectal
carcinoma: randomized controlled clinical trial. World J Surg. (2012) ; 36(8):1874-80.
Ergina PL, Gold SL, Meakins JL (1993) Perioperative care of the elderly patient. World J
Surg 17:192-198. doi:10.1007/BF01658926.

Smith JJ, Lee J, Burke C et al (2002) Major colorectal cancer resection should not be denied
to the elderly. Eur J Surg Oncol 28:661-666

Chiappa A, Zbar AP, Bertani E et al (2001) Surgical outcomes for colorectal cancer patients
including the elderly. Hepatogastroenterology 48:440-444

Gouvas N, Tan E, Windsor A et al (2009) Fast-track vs standard care in colorectal surgery: a
meta-analysis update. Int J Colorectal Dis 24:1119-1131.

Nascimbeni R, Di Fabio F, Di Betta E et al (2009) The changing impact of age on colorectal
cancer surgery. A trend analysis. Colorectal Dis 11:13—-18

Dimick JB, Cowan JA Jr, Upchurch GR et al (2003) Hospital volume and surgical outcomes

51



33.

34.

35.

36.

37.

38.

39.

for elderly patients with colorectal cancer in the United States. J Surg Res 114:50-56.
Seshadri PA, Mamazza J, Schlachta CM et al (2001) Laparoscopic colorectal resection in
octogenarians. Surg Endosc 15: 802—805.

Maessen J, Dejong CHC, Hausel J et al (2007) A protocol is not enough to implement an
enhanced recovery programme for colorectal resection. Br J Surg 94:224-231.

Bardram L, Funch-Jensen P, Jensen P et al (1995) Recovery after laparoscopic colonic
surgery with epidural analgesia, and early oral nutrition and mobilisation. Lancet 345:763—
764

Bardram L, Funch-Jensen P, Kehlet H (2000) Rapid rehabilitation in elderly patients after
laparoscopic colonic resection. Br J Surg 87:1540-1545

Zafiropoulos B, Alison JA, McCarren B (2004) Physiological responses to the early
mobilisation of the intubated, ventilated abdominal surgery patient. Aust J Physiother
50:95-100

Browning L, Denehy L, Scholes RL (2007) The quantity of early upright mobilisation
performed following upper abdominal surgery is low: an observational study. Aust J
Physiother 53:47-52

Hendry PO, Hausel J, Nygren J et al (2009) Determinants of outcome after colorectal

resection within an enhanced recovery programme. Br J Surg 96:197-205.

52



PAPER 11

1.

J. Ferlay, H.R. Shin, F. Bray, D. Forman, C. Mathers, D.M. Parkin, Estimates ofworldwide
burden of cancer in 2008: GLOBOCAN 2008, Int. J. Cancer 127 (2010)2893-2917.

J. Ferlay, E. Steliarova-Foucher, J. Lortet-Tieulent, S. Rosso, J.W. Coebergh, H.Comber, D.
Forman, F. Bray, Cancer incidence and mortality patterns in Europe:estimates for 40
countries in 2012, Eur. J. Cancer 49 (2013) 1374-1403.

W.M. Grady, J.M. Carethers, Genomic and epigenetic instability in colorectalcancer
pathogenesis, Gastroenterology 135 (2008) 1079—-1099.

C. Lengauer, K.W. Kinzler, B. Vogelstein, Genetic instability in colorectal cancers,Nature
386 (1997) 623-627.

B. Vogelstein, E.R. Fearon, S.R. Hamilton, S.E. Kern, A.C. Preisinger, M. Leppert,
Y .Nakamura, R. White, A.M. Smits, J.L. Bos, Genetic alterations during colorectal-tumor
development, N. Engl. J. Med. 319 (1988) 525-532.

C.C. Pritchard, W.M. Grady, Colorectal cancer molecular biology moves intoclinical
practice, Gut 60 (2011) 116-129.

T. Watanabe, T.T. Wu, P.J. Catalano, T. Ueki, R. Satriano, D.G. Haller, A.B.I. Benson,S.R.
Hamilton, Molecular predictors of survival after adjuvant chemotherapy forcolon cancer, N.
Engl. J. Med. 344 (2001) 1196-1206.

C.B. Diep, L. Thorstensen, G.I. Meling, E. Skovlund, T.O. Rognum, R.A. Lothe,Genetic
tumor markers with prognostic impact in Dukes’ stages B and C colo-rectal cancer patients,
J. Clin. Oncol. 21 (2003) 820-829.

C.M. Ribic, D.J. Sargent, M.J. Moore, S.N. Thibodeau, A.J. French, R M. Goldberg,S.R.
Hamilton, P. Laurent-Puig, R. Gryfe, L.E. Shepherd, D. Tu, M. Redston, S.Gallinger,
Tumor microsatellite-instability status as a predictor of benefit fromfluorouracil-based

adjuvant chemotherapy for colon cancer, N. Engl. J. Med.349 (2003) 247-257.

53



10.

11.

12.

13.

14.

15.

16.

17.

A. de la Chapelle, H. Hampel, Clinical relevance of microsatellite instability incolorectal
cancer, J. Clin. Oncol. 28 (2010) 3380-3387.

S. Popat, R. Hubner, R.S. Houlston, Systematic review of microsatellite instabil-ity and
colorectal cancer prognosis, J. Clin. Oncol. 23 (2005) 608—609.

J. Jen, H. Kim, S. Piantadosi, Z.F. Liu, R.C. Levitt, P. Sistonen, K.W. Kinzler,
B.Vogelstein, S.R. Hamilton, Allelic loss of chromosome 18q and prognosis incolorectal
cancer, N. Engl. J. Med. 331 (1994) 213-221.

O.A. Ogunbiyi, P.J. Goodfellow, K. Herforth, G. Gagliardi, P.E. Swanson, E.H.Birnbaum,
T.E. Read, J.W. Fleshman, 1.J. Kodner, J.F. Moley, Confirmation thatchromosome 18q
allelic loss in colon cancer is a prognostic indicator, J. Clin.Oncol. 16 (1998) 427-433.

P. Jernvall, M.J. Makinen, T.J. Karttunen, J. Mékeld, P. Vihko, Loss of heterozy-gosity at
18g21 is indicative of recurrence and therefore poor prognosis in asubset of colorectal
cancers, Br. J. Cancer 79 (1999) 903-908.

G. Lanza, M. Matteuzzi, R.

Gafa

, E.
Orvieto, I. Maestri, A. Santini, L. del Senno,Chromosome 18q allelic loss and prognosis in
stage II and III colon cancer, Int.J. Cancer 79 (1998) 390-395.

S.W. Choi, K.J. Lee, Y.A. Bae, K.O. Min, M.S. Kwon, KM. Kim, M.G. Rhyu,
Geneticclassification of colorectal cancer based on chromosomal loss and
microsatelliteinstability predicts survival, Clin. Cancer Res. 8 (2002) 2311-2322.

H. Alazzouzi, P. Alhopuro, R. Salovaara, H. Sammalkorpi, H. Jarvinen, J.P. Meck-lin, A.
Hemminki, S.J. Schwartz, L.A. Aaltonen, D. Arango, SMAD4 as a prognosticmarker in

colorectal cancer, Clin. Cancer Res. 11 (2005) 2606-2611.

54



18.

19.

20.

21.

22.

23.

24.

S.E. Kern, E.R. Fearon, W.F. Kasper, J.P. Enterline, M. Leppert, Y. Nakamura, R.White, B.
Vogelstein, S.R. Hamilton, Clinical and pathological associations withallelic loss in
colorectal carcinoma, JAMA 261 (1989) 3099-3103.

A. Font, A. Abad, M.

Monzo

3

J.J. Sanchez, M. Guillot, J.L. Manzano, M. Pi"nol, 1.Ojanguren, R. Rosell, Prognostic value
of K-ras mutations and allelic imbalanceon chromosome 18q in patients with resected
colorectal cancer, Dis. ColonRectum 44 (2001) 549-557.

P. Laurent-Puig, S. Olschwang, O. Delattre, Y. Remvikos, B. Asselain, T. Melot,P. Validire,
M. Muleris, J. Girodet, R.J. Salmon, Survival and acquired geneticalterations in colorectal
cancer, Gastroenterology 102 (1992) 1136-1141.

L. Sarli, L. Bottarelli, G. Bader, D. Iusco, S. Pizzi, R. Costi, T. D’Adda, M. Bertolani,L.
Roncoroni, C. Bordi, Association between recurrence of sporadic colorectal cancer, high
level of microsatellite instability, and loss of heterozygosity atchromosome 18q, Dis. Colon
Rectum 47 (2004) 1467-1482.

A. Walther, E. Johnstone, C. Swanton, R. Midgley, I. Tomlinson, D. Kerr,
Geneticprognostic and predictive markers in colorectal cancer, Nat. Rev. Cancer 7(2009)
489-499.

M.P. Costi, S. Ferrari, A. Venturelli, S. Calo, D. Tondi, D. Barlocco, Thymidy-late synthase
structure, function and implication in drug discovery, Curr. Med.Chem. 12 (2005) 2241-
2258.

D. Edler, B. Glimelius, M. Hallstrom, A. Jakobsen, P.G. Johnston, I. Magnusson,P.
Ragnhammark, H. Blomgren, Thymidylate synthase expression in colo-rectal cancer: a
prognostic and predictive marker of benefit from adjuvantfluorouracil-based chemotherapy,

J. Clin. Oncol. 20 (2002) 1721-1728.

55



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

JR. Bertino, D. Banerjee, Is the measurement of thymidylate synthase to deter-mine
suitability for treatment with 5-fluoropyrimidines ready for prime time,Clin. Cancer Res. 9
(2003) 1235-1239.

T. Inoue, K. Hibi, G. Nakayama, Y. Komatsu, T. Fukuoka, Y. Kodera, K. Ito, S.Akiyama,
A. Nakao, Expression level of thymidylate synthase is a good predictorof chemosensitivity
toS-fluorouracil in colorectal cancer, J. Gastroenterol. 40(2005) 143—147.

S.A. Jensen, B. Vainer, J.B. Sorensen, The prognostic significance of thymidy-late synthase
and ihydropyrimidine dehydrogenase in colorectal cancer of303 patients adjuvantly treated
with 5-fluorouracil, Int. J. Cancer 120 (2007)694-701.

D.B. Longley, U. Mc Dermott, P.G. Johnston, Clinical significance of prognosticand
predictive markers in colorectal cancer, Pharmacogenomics J. 2 (2002)209-216.

M. Gupta, A. Fujimori, Y. Pommier, Eukaryotic DNA topoisomerases I, Biochim.Biophys.
Acta 1262 (1995) 1-14.

J.L. Nitiss, J.C. Wang, Mechanisms of cell killing by drugs that trap covalentcomplexes
between DNA topoisomerases and DNA, Mol. Pharmacol. 50 (1996)1095-1102.

Y. Pommier, Drugging topoisomerases: lessons and challenges, ACS Chem. Biol.8 (2013)
82-95.

I. Kostopoulos, V. Karavasilis, M. Karina, M. Bobos, N. Xiros, G. Penther-oudakis, G.
Kafiri, P. Papakostas, E. Vrettou, G. Fountzilas, Topoisomerase I butnot thymidylate
synthase is associated with improved outcome in patientswith resected colorectal cancer
treated with irinotecan containing adjuvantchemotherapy, BMC Cancer 9 (2009) 339.

A. Boonsong, S. Curran, J.A. McKay, J. Cassidy, G.I. Murray, H.L. McLeod, Topo-
isomerase, I protein expression in primary colorectal cancer and lymph nodemetastases,
Hum. Pathol. 33 (2002) 1114-1119.

M.S. Braun, S.D. Richman, P. Quirke, C. Daly, J.W. Adlard, F. Elliott, J.H. Bar-rett, P.

Selby, A.M. Meade, R.J. Stephens, M.K. Parmar, M.T. Seymour, Predictivebiomarkers of

56



35.

36.

37.

38.

39.

40.

41.

42.

chemotherapy efficacy in colorectal cancer: results from the UKMRC FOCUS trial, J. Clin.
Oncol. 26 (2008) 2690-2698.

B.E. Staley, W.S. Samowitz, 1.B. Bronstein, J.A. Holden, Expression of DNA topo-
isomerase I and DNA topoisomerase II-alpha in carcinoma of the colon, Mod.Pathol. 12
(1999) 356-361.

D.V. Santi, C.S. Mc Henry, H. Sommer, Mechanism of interaction of thymidylatesynthetase
with 5-fluorodeoxyuridylate, Biochemistry 13 (1974) 471-481.

Y.G. Assaraf, Molecular basis of antifolate resistance, Cancer Metastasis Rev. 26(2007)
153-181.

P.G. Johnston, J.C. Drake, J. Trepel, C.J. Allegra, Immunological quantitation
ofthymidylate synthase using the monoclonal antibody TS 106 in 5-fluorouracil-sensitive
and -resistant human cancer cell lines, Cancer Res. 52 (1992)4306—4312.

T. Andre, C. Boni, L. Mounedji-Boudiaf, M. Navarro, J. Tabernero, T. Hickish, C.Topham,
M. Zaninelli, P. Clingan, J. Bridgewater, 1. Tabah-Fisch, A. de Gramont,MOSAIC
Investigators, Oxaliplatin, fluorouracil, and leucovorin as adjuvanttreatment for colon
cancer, N. Engl. J. Med. 350 (2004) 2343-2351.

L.B. Saltz, J.V. Cox, C. Blanke, L.S. Rosen, L. Fehrenbacher, M.J. Moore, J.A. Maroun,S.P.
Ackland, P.K. Locker, N. Pirotta, G.L. Elfring, L.L. Miller, Irinotecan plusfluorouracil and
leucovorin for metastatic colorectal cancer. Irinotecan StudyGroup, N. Engl. J. Med. 343
(2000) 905-914.

M. Kornmann, H. Hebart, K. Danenberg, R. Goeb, L. Staib, M. Kron, D. Henne-Bruns, P.
Danenberg, K.H. Link, Response prediction in metastasised colorectalcancer using
intratumoural thymidylate synthase: results of a randomised mul-ticentre trial, Eur. J.
Cancer (2012) 1443-1451.

K. Omura, Advances in chemotherapy against advanced or metastatic colorectalcancer,

Digestion 77 (2008) 13-22.

57



43.

44,

45.

46.

47.

48.

49.

50.

51.

T.H. Cartwright, Treatment decisions after diagnosis of metastatic colorectalcancer, Clin.
Colorectal Cancer 11 (2012) 155-166.

S.B. Edge, D.R. Byrd, C.C. Compton, A.G. Fritz, F.L. Greene, A. Trotti, AJCC
CancerStaging Manual, Springer, New York, 2010.

C.G. Moertel, T.R. Fleming, J.S. Macdonald, D.G. Haller, J.A. Laurie, P.J. Goodman,J.S.
Ungerleider, W.A. Emerson, D.C. Tormey, J.H. Glick, et al., Levamisole andfluouracil for
adjuvant treatment of resected colon cancer, N. Engl. J. Med. 322(1990) 352-358.

L. Pahlman, Pre-opreative treatment of rectal cancer, in: H. Bleiberg, P. Rougier,H.-J. Wilke
(Eds.), Management of Colorectal Cancer, Martin Dunitz, London,1998, pp. 153—-166.

P.G. Johnston, C.M. Liang, S. Henry, B.A. Chabner, C.J. Allegra, Production
andcharacterization of monoclonal antibodies that localize human thymidylatesynthase in
the cytoplasm of human cells and tissue, Cancer Res. 24 (1991)6668—6676.

L. Ricciardiello, C. Ceccarelli, G. Angiolini, M. Pariali, P. Chieco, P. Paterini,G. Biasco,
G.N. Martinelli, E. Roda, F. Bazzoli, High thymidylate synthaseexpression in colorectal
cancer with microsatellite instability: implications forchemotherapeutic strategies, Clin.
Cancer Res. 11 (2005) 4234-4240.

C. Azzoni, L. Bottarelli, S. Cecchini, E.M. Silini, C. Bordi, L. Sarli, Sporadic colo-rectal
carcinomas with low-level microsatellite instability: a distinct subgroupwith specific
clinicopathological and molecular features, Int. J. Colorectal Dis.26 (2011) 445-453.

W.S. Samowitz, M.L. Slattery, J.D. Potter, M.F. Leppert, BAT-26 and BAT-40 insta-bility
in colorectal adenomas and carcinomas and germline polymorphisms,Am. J. Pathol. 154
(1999) 1637-1641.

K.C. Halling, A.J. French, S.K. McDonnell, L.J. Burgart, D.J. Schaid, B.J. Peterson,L.
Moon-Tasson, M.R. Mahoney, D.J. Sargent, M.J. O’Connell, T.E. Witzig, G.H.J.Farr, R.M.
Goldberg, S.N. Thibodeau, Microsatellite instability and 8p allelicimbalance in stage B2 and

C colorectal cancers, J. Natl. Cancer Inst. 91 (1999)1295-1303.

58



52.

53.

54.

55.

56.

57.

R. Arribas, M. Ribas, R.A. Risques, L. Masramon, S. Toértola, E. Marcuello, G. Aiza,R.
Mir6, G. Capella, M.A. Peinado, Prospective assessment of allelic losses at 4p14-16 in
colorectal cancer: two mutational patterns and a locus associated withpoorer survival, Clin.
Cancer Res. 5 (1999) 3454-3459.

A. Umar, C. Boland, J. Terdiman, S. Syngal, A. de la Chapelle, J. Riischoff, R.Fishel, N.M.
Lindor, L.J. Burgart, R. Hamelin, S.R. Hamilton, R.A. Hiatt, J. Jass,A. Lindblom, H.T.
Lynch, P. Peltomaki, S.D. Ramsey, M.A. Rodriguez-Bigas, H.F.Vasen, E.T. Hawk, J.C.
Barrett, A.N. Freedman, S. Srivastava, Revised Bethesdaguidelines for hereditary
nonpolyposis colorectal cancer (Lynch syndrome) andmicrosatellite instability, J. Natl.
Cancer Inst. 96 (2004) 261-268.

M.W. Beckmann, F. Picard, H.X. An, C.R. van Roeyen, S.I. Dominik, D.S. Mosny,H.G.
Schnurch, H.G. Bender, D. Niederacher, Clinical impact of detection of lossof
heterozygosity of BRCA1 and BRCA2 markers in sporadic breast cancer, Br. J.Cancer 73
(1996) 1220-1226.

J.D. Mueller, N. Haegle, G. Keller, E. Mueller, G. Saretzky, B. Bethke, M. Stolte,H. Hofler,
Loss of heterozygosity and microsatellite instability in de novoversus ex-adenoma
carcinomas of the colorectum, Am. J. Pathol. 153 (1998)1977-1984.

Y. Hsiang, M.G. Lihou, L.F. Liu, Arrest of replication forks by drug-stabilizedtopoiosmerse
I-DNA cleavable complexes as a mechanism of cell killing bycamptothecin, Cancer Res. 49
(1989) 5077-5082.

K. Horisberger, P. Erben, B. Muessle, C. Woernle, P. Stroebel, G. Kaehler, F. Wenz,A.
Hochhaus, S. Post, F. Willeke, R.D. Hofheinz, MARGIT (Mannheimer Arbeits-gruppe fiir
Gastrointestinale Tumoren), Topoisomerase [ expression correlatesto response to
neoadjuvant irinotecan-based chemoradiation in rectal cancer,Anticancer Drugs 20 (2009)

519-524.

59



58.

59.

60.

61.

62.

63.

64.

65.

M.M. Bertagnolli, M. Redston, C.C. Compton, D. Niedzwiecki, R.J. Mayer, R.M.Goldberg,
T.A. Colacchio, L.B. Saltz, R.S. Warren, Microsatellite instability andloss of heterozygosity
at chromosomal location 18q: prospective evaluation ofbiomarkers for stages II and III
colon cancer—a study of CALGB 9581 and 89803,J. Clin. Oncol. 29 (2011) 3153-3162.

P. Gouveris, A.C. Lazaris, T.G. Papathomas, A. Nonni, V. Kyriakou, J. Delladet-sima, E.S.
Patsouris, N. Tsavaris, Topoisomerase I protein expression in primarycolorectal cancer and
recurrences after 5-FU-based adjuvant chemotherapy, J.Cancer Res. Clin. Oncol. 133 (2007)
1011-1015.

E. Martinez-Lopez, A. Abad, A. Font, M. Monzo6, I. Ojanguren, A. Pifarré, J.J.Sanchez, C.
Martin, R. Rosell, Allelic loss on chromosome 18q as a prognosticmarker in stage II
colorectal cancer, Gastroenterology 114 (1998) 1180-1187.

N. Pietra, L. Sarli, R. Costi, C. Ouchemi, M. Grattarola, A. Peracchia, Role of follow-up in
management of local recurrences of colorectal cancer: a prospective,randomized study, Dis.
Colon Rectum 41 (1998) 1127-1133.

M.L. Bisgaard, A.C. Jager, P. Dalgaard, J.O. Sendergaard, J.F. Rehfeld, F.C. Nielsen,Allelic
loss of chromosome 2p 21-16.3 is associated with reduced survival insporadic colorectal
cancer, Scand. J. Gastroenterol. 36 (2001) 405—409.

H.J. Lenz, K.D. Danenberg, C.G. Leichman, B. Florentine, P.G. Johnston, S.Groshen, L.
Zhou, Y.P. Xiongm, P.V. Danenberg, L.P. Leichman, p53 andthymidylate synthase
expression in untreated stage II colon cancer: asso-ciations with recurrence, survival, and
site, Clin. Cancer Res. 4 (1998)1227-1234.

R. Sanguedolce, G. Vultaggio, F. Sanguedolce, G. Modica, F. Li Volsi, G. Diana,G.
Guereio, L. Bellanca, L. Rausa, The role of thymidylate synthase levels in theprognosis and
the treatment of patients with colorectal cancer, Anticancer Res.18 (1998) 1515-1520.

R.M. Goldberg, D. Sargent, M.R. Mahoney, Limited prognostic importance

ofimmunohistochemical parameters (IHP) [thymidylate synthase (TS), KI-67,and P53] in

60



66.

67.

68.

69.

70.

71.

465 patients with Dukes’ B2 and C colon cancer enrolled onNorth Central Cancer Treatment
Group (NCCTQ) trials, Proc ASCO 18 (1998)267.

G. Tsourouflis, S.E. Theocharis, A. Sampani, A. Giagini, A. Kostakis, G.
Kouraklis,Prognostic and predictive value of thymidylate synthase expression in
coloncancer, Dig. Dis. Sci. 53 (2008) 1289-1296.

M. Donada, S. Bonin, E. Nardon, A. De Pellegrin, G. Decorti, G. Stanta,
Thymidilatesynthase expression predicts longer survival in patients with stage II
coloncancer treated with 5-flurouracil independently of microsatellite instability,Cancer
Res. Clin. Oncol. 137 (2011) 201-210.

E. Odin, Y. Wettergren, S. Nilsson, G. Carlsson, B. Gustavsson, Colorectal carci-nomas
with microsatellite instability display increased thymidylate synthasegene expression levels,
Clin. Colorectal Cancer 6 (2007) 720-727.

K. Okon, A. Klimkowska, P. W¢jcik, C. Osuch, B. Papla, J. Stachura, High thymidy-late
synthase expression is typical for sporadic MSI-H colorectal carcinoma, Pol.J. Pathol. 57
(2006) 29-33.

F.A. Sinicrope, R.L. Rego, K.C. Halling, N.R. Foster, D.J. Sargent, B. La Plant, A.J.French,
CJ. Allegra, J.A. Laurie, RM. Goldberg, T.E. Witzig, S.N. Thibodeau,Thymidylate
synthase expression in colon carcinomas with microsatelliteinstability, Clin. Cancer Res. 12
(2006) 2738-2744.

S. Popat, R. Wort, R.S. Houlston, Inter-relationship between microsatellite insta-bility,
thymidylate synthase expression, and p53 status in colorectal cancer:implications for

chemoresistance, BMC Cancer 6 (2006) 150.

61



PAPER III

1.

Taylor DP, Burt RW, Williams MS, , Haug PJ, Cannon-Albright LA. Population-based
family history-specific risks for colorectal cancer: a constellation approach.
Gastroenterology. 2010;138:877-85.

Fearon ER. Molecular genetics of colorectal cancer. Annu Rev Pathol. 2011;6:479-507.
Schoemaker D, Black R, Giles L, Toouli J. Yearly colonoscopy, liver CT, and chest
radiography do not influence S5-year survival of colorectal cancer patients.
Gastroenterology 1998; 114:7.

Ringland CL, Arkenau HT, O'Connell DL, Ward RL. Second primary colorectal cancers
(SPCRCs): experiences from a large Australian Cancer Registry. Ann Oncol 2010;
21:92.

Barillari P, Ramacciato G, Manetti G, Bovino A, Sammartino P, Stipa V. Surveillance of
colorectal cancer: effectiveness of early detection of intraluminal recurrences on
prognosis and survival of patients treated for cure. Dis Colon Rectum 1996; 39:388.
Green RJ, Metlay JP, Propert K, Catalano PJ, Macdonald JS, Mayer RJ, Haller DG.
Surveillance for second primary colorectal cancer after adjuvant chemotherapy: an
analysis of Intergroup 0089. Ann Intern Med 2002; 136:261.

Bekdash B, Harris S, Broughton CI, Caffarey SM, Marks CG. Outcome after multiple
colorectal tumours. Br J Surg.1997;84:1442-1444.

Wang HZ, Huang XF, Wang Y, Ji JF, Gu J. Clinical features, diagnosis, treatment and
prognosis of multiple primary colorectal carcinoma. World J Gastroenterol 2004;
10(14):2136-2139.

Bruinvels DJ, Stiggelbout AM, Kievit J, van Houwelingen HC, Habbema JD, van de
Velde CJ. Follow-up of patients with colorectal cancer. A meta-analysis. Ann Surg

1994; 219:174.

62



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ramsey SD, Howlader N, Etzioni R, Brown ML, Warren JL, Newcomb P. Surveillance
endoscopy does not improve survival for patients with local and regional stage
colorectal cancer. Cancer 2007; 109:2222.

Maeda T1, Cannom RR, Beart RW Jr, Etzioni DA. Decision model of segmental
compared with total abdominal colectomy for colon cancer in hereditarynonpolyposis
colorectal cancer. J Clin Oncol. 2010 Mar 1;28(7):1175-80.

Vasen HF, Watson P, Mecklin JP, Lynch HT. New clinical criteria for hereditary
nonpolyposis colorectal cancer (HNPCC, Lynch syndrome) proposed by the
International Collaborative group on HNPCC. Gastroenterology. 1999;116:1453—6.
Fajobi O, Yiu CY, Sen-Gupta SB, Boulos PB. Metachronous colorectal cancers. British
Journal of Surgery 1998, 85, 897-901.

Park 1J, Yu CS, Kim HC, Jung YH, Han KR, Kim JC. Metachronous colorectal cancer.
Colorectal Dis. 2006 May;8(4):323-7.

Marchesi F, Percalli L, Pinna F, Cecchini S, Ricco' M, Roncoroni L. Laparoscopic
subtotal colectomy with antiperistaltic cecorectal anastomosis: a new step in the
treatment of slow-transit constipation. Surg Endosc. 2012 Jun;26(6):1528-33.

Cuniffe WJ, Hasieton PS, Tweedle DE, Schofield PF. Incidence of synchronous and
metachronous colorectal carcinoma. Br J Surg 1984; 71: 941-3.

Kaibara N, Koga S, Jinnai D. Synchronous and metachronous malignancies of the colon
and rectum in Japan with special reference to a coexisting early cancer. Cancer.
1984;54:1870-1874.

Wang HZ, Huang XF, Wang Y, Ji JF, Gu J. Clinical features, diagnosis, treatment and
prognosis of multiple primary colorectal carcinoma. World J Gastroenterol
2004;10(14):2136-2139

Yoon JW, Lee SH, Ahn BK , Baek SU. Clinical Characteristics of Multiple Primary

Colorectal Cancers. Cancer Res Treat. 2008;40(2):71-74.

63



20.

21.

22.

23.

Phipps Al, Chan AT, Ogino S. "Anatomic subsite of primary colorectal cancer and
subsequent risk and distribution of second cancers" Cancer 2013; DOI:
10.1002/cncr.28076.

Gervaz P, Bucher P, Neyroud-Caspar I, Soravia C, Morel P. Proximal location of colon
cancer is a risk factor for development of metachronous colorectal cancer: a population-
based study. Dis Colon Rectum.2005;48:227-232.

Bulow S, Svendsen LB, Mellemgaard A. Metachronous colorectal carcinoma. Br J Surg
1990; 77: 502-5.

Violi V, Costi R, Marchesi F, Cecchini S, Sarli L, Roncoroni L. Anti-peristaltic
ileocolonproctoplasty: a salvage procedure in extensive resective colorectal surgery. Int

J Colorectal Dis. 2007 Oct;22(10):1277-81.

64



TABLES
PAPER1

TAB.1 ERAS program

1 week before

Physiatric evalutazione
Questionnaire SF 36
Berg-balance scale
6MWD

6 days before

Training ssession on delettizzatore, test 3SMT (L0)

2 days before

Bowel prep with senna derivates laxative

1 day before

Low fiber diet till 10pm
Phosphate enema

16 tablets of Simeticone per day
Enoxaparina injection at 8§pm

Day of operation

One can of carbohydrate supplement drink 5% (250 mL) at 7am
Anti-thrombotic stockings

Epidural sited

Urinary bladder catheter sited

Surgical operation (open/laparoscopic)

Minimal perioperative IV fluid

Active perioperative warming with warming blanket
Nasogastric drainage removal

Abdominal drains only for surgery within the pelvis

Drink in recovery ward 30-50 mL every 1-2 hours 6-12 hours after surgery

Epidural analgesia supplemented with paracetamol 1 g qds
Rescue opiate analgesia
Enoxaparina injecction at 8pm

PO day 1

Drink in recovery ward 30-50 mL every 1-2 hours
Removal of abdominal drain (if present)

Epidural analgesia supplemented with paracetamol 1 g qds
Rescue opiate analgesia

Suspension of ev fluids if adequate oral diet

US lower limbs veins

Active physical exercise session with rehab device
Enoxaparina injecction at 8pm

PO day 2

As above including

Drink in recovery ward 30-50 mL every 1-2 hours
Normal diet as tolerated

Urinary catheter removed (men with prostatic symptoms)
Active physical exercise session with rehab device

PO day 3

As above including
Epidural infusion stopped at 6 a.m.
Active physical exercise session with rehab device

PO day 4

As above including

Paracetamol analgesia with opiate rescue

Laxatives if necessary

Thromboembolic deterrent stockings to be worn for 2 weeks

Active physical exercise session with rehab device, if not yet mobilized

PO day 6-7

Physiatric evalutazione
Questionnaire SF 36
Berg-balance scale
6MWD

3MT test

Discharge
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TAB.2 Perioperative traditional care program

1 week before

Physiatric evalutazione
Questionnaire SF 36
Berg-balance scale

6MWD
6 days before Training ssession on delettizzatore, test 3SMT (LO0)
2 days before Low fiber diet

Bowel prep woth polyethylene glycol 2L

Low fiber diet

1 day before

Bowel prep woth polyethylene glycol 2L
16 tablets of Simeticone per day
Enoxaparina injection at 8pm

Day of operation

Antibiotics prophylaxis

Anti-thrombotic stockings

Epidural sited

Urinary bladder catheter sited

Surgical operation (open/laparoscopic)

Minimal perioperative IV fluid

Active perioperative warming with warming blanket
Nasogastric drainage sited

Abdominal drains sited

Epidural analgesia supplemented with paracetamol 1 g qds
Rescue opiate analgesia

Enoxaparina injecction at 8pm

PO day 1

Totatl parenteral nutrition

Nasogastric tube removal at the first flatus, in absence of nausea or output
300 mL/24h

Epidural analgesia supplemented with Ketoprofene 160 mg x2

Rescue opiate analgesia

Enoxaparina injecction at 8pm

PO day 2

As above including
Clear fluid diet, depending on patient tolerance
Sitting mobilzation

PO day 3

As above including
Interruption of epidural analgesia and catheter removal at 12 am
Standing mobilization

PO day 4

As above including
Urinary bladder catheter removal

PO day 5

Physiatric evalutazione
Questionnaire SF 36
Berg-balance scale
6MWD

3MT test

Discharge
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PAPER 11

TAB.1

Main clinicopathological features of patients

Gender
Male 58 (52)
Female 54 (48)
Age 69.2
;&JCC stage 12011
I 60 (53)
37 (33)
11 303)
v
Tumpr site 42 (37)
Proximal
. 50 (45)
Distal 20 (18)
Rectum
s 50
G3 69 (62)
Histotype
Adenocarcinoma,NOS 74(66)
. . 38 (34)
Mucinous adenocarcinoma
Adjuvant therapy 12 (11)
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TAB.2
Main clinicopathological features of CRCs according to Topo I and TS expression

N TOPO I expression P N TS expression P
Altered Normal Altered Normal
(%) m=34) (%) (n=60) (%) (0=67) (%) (n=45)

Gender
Male 49 18 (37) 31 (63) 1.00 58 36 (62) 22 (38) 0.70
Female 45 16 (36) 29 (64) ’ 54 31(57) 23 (43) ’
Age 70 (49-51) 69 (33-94) 0.64 69 (27-91) 69 (45-86) 0.77
Tumor site
Proximal 31 10 (32) 21 (68) 42 24 (57) 18 (43)
Distal 45 15 (33) 30 (67) 0.39 50 31 (62) 19 (38) 0.89
Rectum 18 9 (50) 9 (50) 20 12 (60) 8 (40)
Grade
G1-G2 34 12 (35) 22 (65) 1.00 43 29 (67) 14 (33) 0.24
G3 60 22 (37) 38 (63) ’ 69 38 (55) 31 (45) ’
AJCC stage
1 11 5(45) 6 (55) 12 8 (67) 4(33)
11 51 16 (31) 35(69) 0.74 60 38 (63) 22 (37) 0.16
111 29 12 (41) 17 (59) ’ 37 21 (57) 16 (43) ’
v 3 1(33) 2 (67) 3 0 3 (100)
Histotype
Adenocarcinoma,N
oS 52 23 (44) 39 (56) 0.82 49 (66) 25 (36) 0.68
Mucinous 32 11 (32) 21 (68) ’ 18 (47) 20 (53) ’
adenocarcinoma
Adjuvant therapy
Yes 11 5(45) 6 (55) 0.52 6 (50) 6 (50) 0.34

No 82 29 (36) 53 (64) 61 (62) 38 (38)




TAB.3

Molecular features of CRCs according to Topo I and TS expressions. LOH, allelic loss; NI, not
informative; ND, not available; MSI, microsatellite instability; HMSI, high microsatellite
instability; MSS, microsatellite stable. Values in bold indicate statistical significance.

N TOPO I expression P N TS expression P
Altered Normal Altered Normal
(%) m=34) (%) (n=34) (%) (0=67) (%) (n=45)

18q
LOH 39 21 (54) 18 (46) 45 29 (64) 16 (36)
NO LOH 42 11 (26) 31(74) 0.013 48 27 (56) 21 (44) 0.520
NI/ND 13 2 (15) 11 (75) 19 11 (58) 8 (42)
5q
LOH 20 9 (45) 11 (55) 21 11 (52) 10 (48)
NO LOH 37 13 (35) 24 (65) 0.57 43 24 (56) 19 (44) 1.000
NI/ND 37 12 (32) 25 (68) 48 32 (67) 16 (33)
4p
LOH 15 5(33) 10 (67) 17 13 (76) 4(24)
NO LOH 50 20 (40) 30 (60) 0.77 58 35 (60) 23 (40) 0.26
NI/ND 29 9 (31) 20 (69) 37 19 (51) 18 (49)
8p
LOH 13 5(33) 8 (67) 17 12 (70) 5(30)
NO LOH 29 10 (34) 19 (66) 1.000 35 23 (66) 12 (34) 1.000
NI/ND 52 19 (36) 33 (64) 60 32 (53) 24 (47)
MSI
HMSI 17 2(12) 15 (88) 0.02 23 11 (48) 12 (52) 0.23
MSS 77 32 (41) 45 (59) i 89 56 (63) 33 (37) )
hMLH1
Altered 23 209 21 (91) 0.001 29 16 (55) 13 (45) 0.66
Normal 71 32 (45) 39 (55) : 83 51 (61) 32 (39) ’
ND
hMSH2
Altered 9 0 9 (100) 10 6 (60) 4 (40)
Normal 82 34 (41) 48 (59) 0.02 99 58 (58) 41 (42) 1.000
ND 3 0 3 (100) 3 3 (100) 0
MGMT
Altered 11 5(45) 6 (55) 0.75 13 8 (61) 5(39)
Normal 63 25 (40) 38 (60) ’ 74 45 (61) 29 (39) 1.000
ND 20 4 (20) 16 (80) 25 16 (56) 11 (44)
FHIT
Altered 14 321 11(79) 0.24 17 6 (35) 11 (65) 0.035
Normal 78 31 (40) 47 (60) 93 59 (63) 34 (37)
ND 2 0 2 (100 2 2 (100) 0
COX-2
Altered 62 23 (37) 39 (63) 1.000 76 45 (59) 31 (41)
Normal 26 9 (3%5) 17 (65) ’ 28 15 (53) 13 (47) 0.65
ND 6 2 (33) 4 (67) 8 7 (87) 1(13)
P21
Altered 42 16 (38) 26 (62) 0.65 50 30 (60) 20 (40) 0.84
Normal 43 14 (32) 29 (68) ’ 51 29 (57) 22 (43) ’
ND 9 4 (44) 5 (56) 11 8 (73) 3(27)
P27
Altered 32 11 (34) 21 (66) 0.82 36 12 (33) 24 (67) <0.001
Normal 57 22 (38) 35(62) 69 48 (69) 21 (31)
ND 5 1 (20) 4 (80) 7 7 (100) 0
P53
Altered 41 16 (39) 25 (61) 0.83 48 23 (48) 25 (52) 011
Normal 47 17 (36) 30 (64) ’ 57 37 (65) 20 (35) '
ND 6 5(17) 5(83) 7 7 (100) 0

69



PAPER III

TAB.1
Demographic, Clinical and Pathological Data of Multiple Sporadic Colorectal Cancer Patients.
Code Syn/Met Gender Age (I;t)e;;;l) ;l;)lilz:lt(i):rf s]::lf_tgil:_; Anastomosis Stage Grade Nt[:;:::l(::s
1 Syn M 69 0 RL Segmental ITR II-1I G2-G3 Both
2 Syn F 68 0 RL Segmental ITR I-1 G2-Gl None
3 Syn M 74 0 RL Segmental ITR -1 G2-G3 Both
4 Syn F 70 5 RL Segmental ITR I-1 G2-G3 None
5 Met M 69 77 RL Segmental ITR m-1 G3-G2 None
6 Met M 79 104 RL Segmental ITR -1  G2-G3 Second
7 Met M 71 33 RT STC IS M-I G3-G3 Both
8 Syn F 80 3 RT Segmental ID -1 G2-G3 None
9 Met M 48 215 RT Segmental ID I-II  G3-G3 None
10 Met M 73 62 RT STC IS II-I G3-G3 First
1% Syn M 79 0 LT Segmental AR IV-IV G2-G2 First
12 Met F 54 24 LT Segmental AR I-1  G3-G2 None
13 Met M 76 8 LT STC aCR I-T  GI-G2  Second
14 Met M 57 49 LT STC aCR -1 G3-G3 Both
15 Met M 84 27 LT Segmental AR I-I  G2-G2 None
16 Met F 56 170 LT Segmental AR I-1  G2-G2 None
17 Met F 85 43 LT Segmental AR M-I G3-G3 None
18 Syn F 63 2 RL Segmental ITR m-1 G2-G3 None
19 Met M 75 72 LT Segmental AR m-1 G3-G2 None
20 Met F 60 218 LT Segmental AR -1 G2-G2 None
21 Syn M 73 2 LT Segmental AR I-I  G2-G2 None
22 Met M 76 133 RL Segmental ITR I-1 G2-G2 None
23 Met M 51 360 LT Segmental AR -1 G2-G2 None




TAB.2

Variable Influencing Survival in Multiple Sporadic Colorectal Cancer Patients

Univariate Analysis
Gender 0.586
Age 0.041*
Interval (within 5 yrs) 0.052*
Location 0.660
Extent of surgical resection 0.655
Stage 0.281
Grade 0.730
Nodal involvement 0.064*
Mucinous histotype 0.875

Adjuvant therapy in stage I1I 0.868




FIGURES
PAPER1

FIG.1:

The rehabilitation device named “Delettizzatore”.
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FIG.2:

Post-operative pain expressed with visual apperception scale (VAS).
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PAPER 11

FIG.1

Immunohistochemical detection of Topo I (Upper panel) and TS (Lower panel) in colorectal
carcinoma cases. Upper panel: (1A) Mild nuclear Topo I staining graded as1/6 considered normal
protein expression, (1B) moderate Topo I normal expression with a total score of 3/6, (1C) strong
nuclear staining for Topo I graded as 6/6 evaluatedaltered expression. Lower panel: (1D) Mild
cytoplasmic normal TS staining graded as 2/7, (1E) moderate, diffuse TS normal expression with a
total score of 5/7, (1F) strongcytoplasmic staining for TS altered protein with a total score of 7/7.
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PAPER III

FIG.1

Kaplan-Meyer survival curves comparing overall survival of synchronous cancer patients (Synch),
metachronous cancer patients from the first cancer (Met1), metachronous cancer patients from the
second cancer (Met2) and single cancer patients (Single).
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FIG.2
Kaplan-Meyer survival curves comparing synchronous cancer patients (Synch) and metachronous
cancer patients from the second cancer (Met2) cancer-free survival.
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