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INTRODUCTION AND OUTLINE OF THE THESIS







Introduction

HISTORY

Colorectal cancer is one of the most common malignancies worldwide and ranks second
in cancer-related deaths in many parts of the Western world. Once in the lymph or blood
vessels, colorectal cancer can quickly spread and the liver is known to be a favourable
site for metastases. The presence of colorectal liver metastasis (CLM) is associated with
a poor outcome.

In last centuries new developments in techniques and anatomical knowledge have
improved the outcome for this group of patients. Kousnetzoff and Pensky (1896) sug-
gested the use of haemostasis by electrocautery, tourniquet, and suturing with flexible
needles for controlling bleeding.’ The Pringle manoeuvre (1908), a technical advance
which established the vascular control of the liver by compressing the portal triad, was
a major step in surgery.? Different techniques to reduce bleeding followed, including
ligation, vascular and aortic clamping.

Topographic liver anatomy generally describes the liver in terms of four lobes: right,
left, quadrate, and caudate. However, the veins, arteries, and bile ducts of the liver do
not conform to this anatomic division. Healey (1953)° used the hepatic arteries and bile
ducts as the basis of division and Couinaud (1957)* the portal and hepatic veins. In 1999
Couinaud described that the portal and hepatic vein segmentation has to be preferred
over the arteriobiliary segmentation.” Throughout the world, liver surgeons used dif-
ferent terms. In 2000, a group of international liver surgeons proposed a standardized
Nomenclature. The use of Brisbane 2000 terminology of hepatic anatomy and resection
has led to better communication among surgeons.®

Many technical tools in the last 20-30 years further refined hepatic surgery: the con-
cept of routine intraoperative ultrasonography for liver surgery, vena portal emboliza-
tion (VPE) and the introduction of the ultrasonic dissector for division of the hepatic
parenchyma.”? The introduction of low central venous pressure anaesthesia and vascular
inflow and outflow control were essential to minimize blood loss during hepatectomy.'®
Today, resection for liver metastasis provides favourable outcomes compared with the
natural history.”

SYNCHRONOUS COLORECTAL LIVER METASTASES

About 25% of patients who underwent a resection for colorectal cancer have liver
metastases identified either preoperatively or during laparotomy, i.e. synchronous liver
metastases. Synchronous presentation of CLM has been associated with poor outcome
and indicates a more aggressive behaviour of the primary tumour. Many risk scores used
synchronicity as a risk factor, found to be predictive of survival.'*™

1

Chapter 1



12 | Chapter 1

Careful evaluation of all patients in a multidisciplinary setting allows for better iden-
tification of those patients most likely to benefit from surgical resection as opposed to
those who would benefit more from nonoperative therapies, given their more aggres-
sive disease.

Surgical management of this group of patients is a challenge. There is an ongoing
discussion on the timing of chemotherapy administration in relation to resection of
synchronous colorectal liver metastases (SCLM). Patients are selected for a staged or
simultaneous operative approach. Potential benefits of simultaneous resection include
avoidance of a second laparotomy and decreased time to initiation of adjuvant chemo-
therapy. At the other hand, a simultaneous resection can cause complications related to
the magnitude and complexity of the combined operation. In case of a staged approach,
the timing of resection is still a controversial debate. Should the primary tumour or the
liver metastases be resected first?

In this thesis we will discuss the developments in the treatment of colorectal liver
metastases, differences between synchronous and metachronous disease and the influ-
ence of chemotherapy. We focussed on patients with (colo)rectal cancer and synchro-
nous liver metastases.



Outline of the thesis

The incidence of colorectal cancer in the Netherlands counts 12.000 patients a year. The
liver is the most common site of metastases, with 20% of patients presenting with liver
metastases at diagnosis; an additional 25-30% develop liver metastases in follow-up.
For patients who present with synchronous colorectal liver metastases, resection of the
primary tumour is not curative unless it is performed with resection of all metastatic
disease. For patients who only receive supportive care, median survival rates are poor
and do not exceed 5-6 months.'>® Due to new effective chemotherapeutic agents the
outcome has improved for these patients. Despite the gains made with chemotherapy,
surgical resection of all metastatic disease offers the best chance of long-term survival.
Improved imaging modalities have probably leaded to higher number of patients with
liver metastases. Better surgical techniques and tools and improvements in per-opera-
tive management increase the safety of liver resection.' In a population based study we
investigated whether all these improvements have resulted in more candidates eligible
for curative hepatic resection with an increase of survival. We determined the trends in
incidence of synchronous liver metastases, resection of the primary colorectal tumour,
use of chemotherapy, hepatic surgery and survival in patients diagnosed in the South
western part of the Netherlands with colorectal cancer and synchronous liver metasta-
ses from 1995-2007 (chapter 2).

The traditional approach for SCLM has changed from palliative treatment toward an
aggressive multimodality approach. General improvements in operative and anaes-
thetic techniques have resulted in an increase of patients eligible for surgery. The advent
of more effective chemotherapeutic agents including irinotecan and oxaliplatin shows
higher response rates. Ancillary procedures such as VPE and radiofrequency ablation
(RFA) make it possible to treat patients with bi-lobar liver metastases who have been
contraindicated previously for liver surgery. To compare all the above mentioned fac-
tors that changed the treatment policy in patients with synchronous liver metastases
we studied in chapter 3 the outcome of patients who underwent surgery for SCLM in a
single centre treated before and after 2000.

In the past, stage IV disease (i.e. colorectal cancer and synchronous metastases) was
a contra-indication for resection. Nowadays, the indication for liver resection has been
expanded and liver surgery is the current standard in the treatment of SCLM. Little is
known about the difference in characteristics between synchronous and metachronous
liver metastases. Several investigators have reported that synchronicity is a poor prog-
nostic factor in the outcome.'?'* %22 |t has been stated that the seemingly more aggres-
sive tumour biology of synchronous metastases is responsible for this observation. None
of these studies evaluated the outcome in the era of new effective chemotherapeutic
agents. For these reasons, clinicopathological data and outcome in patients with syn-
chronous and metachronous colorectal liver metastases, treated with primary resection
first followed by partial liver resection in a second stage, were analyzed in chapter 4.

13
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The treatment of rectal cancer is a challenge for a colorectal surgeon. Disease-free
and overall survival depends on stage and adequate resection, in particular in terms of
the circumferential resection margins.?? The standard treatment for early stage rectal
cancer is pre-operative radiotherapy (25Gy) followed by surgery.?* Patients with locally
advanced disease (clinically large T3 on colonoscopy or T4 on MRI and/or positive lymph
nodes, i.e. 28 mm on CT or MRI) have a higher recurrence rate and will therefore more
benefit from the downstaging effect of the neo-adjuvant therapy. For this reason, long
pelvic irradiation (50Gy) has been applied in these patients with or without the combi-
nation of chemotherapy.>2?¢ Radiotherapy may lead to high morbidity and treatment
of the rectal tumour is only curative if resection of all metastatic disease is possible.
Currently, patients with rectal cancer are treated with a staged (resection of the rectal
primary followed by treatment of the liver metastases) or a simultaneous resection.
Combined resection of hepatic metastases and the primary tumour seem appropriate.
It has the appeal of a single operation, which may be beneficial in terms of quality of life
and costs. In patients with a locally advanced rectal tumour morbidity is considerably
higher than “regular” colorectal surgery. Combining this with partial liver resection may
increase morbidity and mortality and it is generally accepted that locally advanced rec-
tal cancer is a contra-indication for simultaneous resections.?’ It is also known, that the
morbidity of extensive pelvic surgery after neoadjuvant radiation therapy is consider-
able.?*? |n case of anastomotic leakage, low-pelvic abscess or persistent perineal wound
infections, start of treatment of the hepatic metastases could be extended beyond 3 to
6 months or even more. Liver metastases rather than the primary tumour determine
survival. A treatment strategy is needed to select those patients most likely benefit from
surgical resection of both the disease as opposed to patients in whom needless surgery
could be avoided and who would benefit more from nonoperative therapies. Because
the liver metastases define the prognosis of the patient, it seems reasonable, to treat the
hepatic metastases first. Therefore we started with the “liver first approach” in patients
with locally advanced rectal cancer and synchronous liver metastases (chapter 5 and 6).
In the last decade, as a result of improved chemotherapy regimens for colorectal liver
metastases, a rising number of patients with unresectable and resectable disease are
treated with systemic chemotherapy (CTx). The theoretical advantages for patients with
resectable disease include the treatment of undetected distant micro-metastases, both
in the future remnant liver as well as in extra-hepatic sites, thus reducing the risk of
disease recurrence after resection. It may also be useful to determine chemo-respon-
siveness of the tumour to select the optimal adjuvant therapy and it has the ability to
identify patients with progressive intra- or extra-hepatic disease under chemotherapy in
whom surgery would be inappropriate. Furthermore, preoperative CTx is being increas-
ingly used to downsize colorectal liver metastases and appear to convert 13% of initially
deemed unresectable disease to resectable disease.?**' Neoadjuvant chemotherapy may



Outline of the thesis

also allow for a smaller resection (the potential to preserve hepatic parenchyma) and to
increase the probability to achieve margin-negative resection. Furthermore, the EORTC
40983 trial®2 showed an absolute increase in rate of progression-free survival at 3 years
of 7% in patients who received per-operative oxaliplatin-based CTx but no difference in
overall survival was found. The rising use of chemotherapy combinations for CLM raises
concerns about the potential hepatotoxicities induced by systemic drugs and the effects
of these drugs on per- and postoperative outcome. In this review (chapter 7), the hepatic
injury and per- and postoperative outcome is evaluated for the use of 5-FU/leucovorin,
oxaliplatin, irinotecan and the monoclonal agents bevacizumab and cetuximab.

The presence of liver injury can result in increased postoperative complications
following a liver resection, especially after a high number of cycles. An important
risk factor for postoperative complications in patients undergoing a liver resection is
hepatic steatosis.®® Patients with an increasing amount of steatosis are encountered
more frequently in the Western world, and the incidence is expected to rise in the near
future due to the current obesity epidemic.2* While mild steatosis (5-33%) is relatively
harmless, the presence of moderate (33-66%) and severe (>66%) steatosis should be
taken into consideration before performing an extended liver resection. In an era where
neo-adjuvant chemotherapy is being applied more frequently and steatosis is being
encountered more often, it is becoming of greater importance to screen pre-operatively
patients for the presence of a marked steatosis degree (>33%). In chapter 8 we evaluated
the accuracy of CT or MRI for the detection of steatosis in patients after neo-adjuvant
chemotherapy.

Fluoropyrimidines with oxaliplatin is a commonly applied combination of CTx used
since 2000 in patients with CLM. It yields clinical response rates of 55% and median
survival of 22 months.>3¢ However, several studies have demonstrated that oxaliplatin-
based CTx can cause injury (sinusoidal dilatation) in the nontumour-bearing liver, which
may influence the surgical outcome.*’* Nowadays, even higher clinical and pathologi-
cal response rates can be achieved by combining cytotoxic agents with bevacizumab,
a molecular-targeted therapy.***° Adding bevacizumab to oxaliplatin-based CTx might
have detrimental consequences on outcomes after resection of CLM.*"*2 Questions also
remain about the optimal timing and safety of surgery in patients receiving bevacizum-
ab. In chapter 9 we assessed the influence of bevacizumab added to oxaliplatin-based
CTx on liver injury and postoperative complications.

Despite the curative intent of hepatic resection in patients with colorectal liver metas-
tases, more than 60% will suffer from recurrence after liver resection, the liver being the
most common location.** Since liver resection has become safer through improvements
in surgical techniques and per-operative management, repeat hepatic resection is being
more frequently performed in patients with hepatic recurrences. Recent technologic ad-
vances have also made local ablative treatments (radiofrequency ablation) and external
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beam radiotherapy (stereotactic body radiation therapy) for liver tumours accessible. In
chapter 10 we outlined our experience in a single centre with local treatment for recur-
rent liver disease.

Unfortunately, most of the patients with a recurrence are not eligible for surgery
because of unfavourable tumour factors, less remnant liver after the first operation or
due to a patients’ general condition. Other local treatment techniques, of which radio-
frequency ablation is the most widely used, offer a high local control rate in patients
with liver metastases who are inoperable.***> However, RFA is preferably performed in
metastases <3 cm, not localized in the proximity of major blood vessels, the main biliary
tract or gallbladder, or just beneath the diaphragm.** Therefore we studied the role of
stereotactic body radiation therapy, a non-invasive technique that delivers biologically
very large doses of irradiation in a few fractions (chapter 11).

This thesis is concluded with a discussion in English and summary in Dutch.
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ABSTRACT

Aim To determine the incidence, patterns of care and survival for patients who present
with stage IV colorectal cancer (CRC) in a population-based series.

Method Computer records for patients diagnosed with stage IV CRC diagnosed between
1995 through 2007 were retrieved from the Rotterdam Cancer Registry. Surgical resec-
tion of the primary tumour, chemotherapy use, hepatic surgery and survival were evalu-
ated according to year of diagnosis, age, gender and primary tumour site.

Results In the South western part of the Netherlands 19.014 new patients with colorectal
cancer were diagnosed and synchronous metastatic disease was found in 3.482 patients
(18%). This proportion increased during the study period from 16% to 21%. Surgical
resection of the primary tumour was performed in approximately 50% of the patients
and did not change over time. Postoperative 30-day mortality was 8%. Chemotherapy
use increased from 18% in the first period to 56% in the latest period. Liver surgery in-
creased from 4% in the first period to 10% in the latest period. Median survival increased
from 7 months to 12 months and two-year survival from 14% to 28%. Two-year survival
declined with increasing age and was significantly worse for right-sided tumours (14%).

Conclusion Survival for patients with stage IV colorectal cancer has improved over time
which is probably due to the increased use of chemotherapy and the increased rate of
patients who underwent hepatic surgery.



Stage IV colorectal cancer: trends in treatment

INTRODUCTION

Colorectal cancer is the second leading cause of cancer related death, accounting for
over 4500 deaths in the Netherlands in 2005 (www.ikcnet.nl). Approximately 15-25% will
have liver metastases at the time of primary diagnosis.! For patients who present with
stage IV disease, resection of the primary tumour is not curative unless it is performed
with resection of all metastatic disease. Unfortunately, most patients are not considered
eligible to undergo curative resection and palliative resection of the primary tumour
might be required in case of obstruction, perforation or bleeding. For patients who only
receive supportive care, median survival rates are poor and do not exceed 5-6 months.>?
Introduction of novel chemotherapeutic regimens such as oxaliplatin and irinotecan
has improved the outcome for these patients.** More recently, randomized controlled
trials and a population-based series reported median survival rates of 16 to 23 months
by using poly-chemotherapy or combining modern chemotherapy (CTx) with targeted
therapy. > % However, hepatic resection remains the only chance of long-term survival
with reported 5-year survival rates of 45-58%.%"

The purpose of this study was to determine the incidence, patterns of care and survival
for patients who present with stage IV colorectal cancer in the South western part of
the Netherlands. Trends in the incidence of metastases, surgery of the primary tumour,
chemotherapy use, hepatic surgery and survival were studied according to period of
diagnosis, age, gender and location of the primary tumour.

MATERIALS AND METHODS

Computer records for patients with colorectal cancer stage |V disease, diagnosed from
1995 to 2007, were retrieved from the Rotterdam Cancer Registry. This registry covers
the South western part of the Netherlands (about 14% of the Netherlands), a region with
2.3 million inhabitants, 15 general hospitals and 1 university hospital. Newly diagnosed
cancer patients are notified to the registry through notes from pathology departments
and hospital discharge diagnoses. After notification, trained registration clerks collect
data from the clinical records, including gender and age, date of diagnosis, tumour site,
TNM stage and type of treatment. Due to privacy regulations death certificates cannot
be used as an additional source of notification of cancer cases in the Netherlands. De-
spite the lack of this notification source, the cancer registry in the Netherlands knows
a high completeness (96,2%) due to the infrastructure of the Netherlands health care
and the notification procedure.’ For the current study, information on liver surgery was
checked against the Liver Surgery Database of the university hospital. Annual follow-up
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information was obtained from the Municipal Personal Records Database. It includes the
general personal details and contains information on vital status for all Dutch citizens.

Per-operative mortality was defined as death within 30 days from the date of resection.
Year of diagnosis was recoded into three periods: from 1995-1999 (group 1, systemic
treatment applied was mainly 5-FU and leucovorin), from 2000-2004 (group 2, new ef-
fective chemotherapeutic agents were already available but not generally used) and
from 2004-2007 (group 3, combination chemotherapy more generally used, partly due
to the Cairo trial'®). Primary site had been coded according to the ICD-O 3 regulations
but was recoded as rectum, left colon (including spleen flexure and sigmoid) and right
colon. Chemotherapy was defined as an application of chemotherapy in neoadjuvant
or palliative setting that was part of the primary treatment plan. Unfortunately, type
of chemotherapy had not been coded in a standard manner. Surgical resection of the
primary tumour was defined as any type of colorectal resection. Liver surgery implied
partial hepatectomy, RFA was not registered as a specific procedure.

Tabulations were initially evaluated with chi-square statistics. Due to the large number
of patients involved, even small differences proved statistically significant (p<0.01),
reason for us to refrain from reporting p-values. Survival probabilities were determined
using actuarial survival analysis from date of diagnosis until date of death or censured at
31-12-2008. Differences in survival between subgroups were tested for significance with
the log-rank test. For the evaluation of survival in patients who underwent hepatectomy,
survival analysis was performed from date of hepatic surgery.

Multivariate evaluation of survival was performed using Cox proportional hazard
analysis. A full model was fitted comprising the variables age, gender, sub site and pe-
riod. The largest category was assigned as the reference group. Hazard ratios (HR) were
calculated and presented with 95% confidence intervals. A separate model was fitted
after inclusion of treatment variables. The remaining impact of period was tested using
the log-likelihood ratio. Due to confounding by indication and the obligatory calculation
of survival from day of diagnosis, the hazard ratios for the treatment variables cannot be
readily interpreted. Treatment coefficients are certainly biased because treated patients
experience an upfront survival benefit, just by being alive at the start of treatment.

RESULTS

From 1995 through 2007, 19.014 new patients with colorectal cancer were diagnosed
in the south-western part of the Netherlands and synchronous metastatic disease was
found in 3.482 patients (18%). This proportion increased during the study period from
16% to 21% (p<0.001) (Table 1-1).
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Table 1-1 Trends in incidence, treatment and survival in patients with stage IV disease

N M1 Colorectal Chemotherapy Hepatic Survival
Surgery surgery Median  2-Year
(months)
1995-1999 6680 1098 (16%) 576 (52%) 203 (18%) 41 (4%) 7.1 14%
2000-2004 7309 1348 (18%) 671 (50%) 548 (41%) 52 (4%) 8.4 19%
2005-2007 5023 1036 (21%) 517 (50%) 583 (56%) 98 (10%) 11.6 28%

Resection of the primary tumour

From the total study group, 1759 patients (51%) underwent resection of the primary
tumour and this proportion remained stable over time. Patients aged 80 years or older
and patients with the primary tumour located in the rectum underwent less often resec-
tion of the primary tumour (Table 1-2). Postoperative mortality (30-day) was 8%.

Table 1-2 Factors associated with resection of the primary tumour, chemotherapy receipt and hepatic
surgery among stage IV colorectal cancer diagnosed in 1995-2007

Colorectal Chemotherapy Hepatic surgery Survival
Surgery
Median 2-Year
(months)
Age
20-49 143 (57%) 174 (70%) 26 (10%) 134 26%
50-59 331 (54%) 369 (60%) 55 (9%) 125 27%
60-69 505 (53%) 454 (48%) 66 (7%) 104 24%
70-79 537 (50%) 296 (27%) 40 (4%) 7.3 17%
80+ 248 (41%) 41 (7%) 4 (1%) 3.9 7%
Gender
Male 987 (52%) 774 (41%) 119 (6%) 9.2 20%
Female 777 (49%) 560 (36%) 72 (5%) 8.0 17%
Site of the
primary tumour
Right 658 (56%) 431 (37%) 31 (3%) 7.1 14%
Left 831 (57%) 582 (40%) 102 (7%) 2.9 23%
Rectum 257 (36%) 282 (40%) 57 (8%) 10.3 22%
Chemotherapy

From the total study population, 1334 patients (38%) received chemotherapy in neoad-
juvant or palliative setting. Chemotherapy use increased significantly over time (18% vs.
56%) and decreased with increasing age.
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Hepatic surgery

In the total study group, 191 patients (5%) underwent hepatic surgery. Over time, an
increase in patients who underwent hepatic surgery was reported from 4% in 1995-1999
to 10% in 2004-2007. Younger patients and patients with the primary tumour located in
the left colon or rectum underwent more hepatic surgery.

Survival

Median survival increased over time from 7.1 months in the first period tot 11.6 months
in the last period. Similarly, 2-year survival increased from 14% to 28% (p<0.001) (Fig.
1-1). Patients who underwent resection of the primary tumour had a significantly bet-
ter 2-year survival (30% versus 9%, p < 0.001). Survival was less favourable for elderly
patients and patients with cancer of the right colon. For patients treated with hepatic
surgery, 2-year survival increased from 62% in the first period to 84% in the second
period and 71% in the third period (NS). The primary multivariate analysis suggested
a prognostic impact of age and subsite and an improvement of survival in more recent
years (Table 1-3). This period effect lost its statistical significance (p = 0.55) after inclu-
sion of information on colorectal surgery (HR=0.49), chemotherapy (HR=0.51) and liver
surgery (HR=0.24).

100
—o— 1994-1999
80 — 2000-2004
A 2004-2007

60+

Survival

404

20+

0 T T T — - M —
0 1 2 3 4 5

Time after date of diagnosis (years)

Patients at risk
1994-1999 1098 364 153 83 55 32
2000-2004 1348 530 250 143 93 48
2004-2007 1036 514 173 50 - -

Fig 1-1 Survival of patients with stage IV colorectal cancer diagnosed in 1995-2007
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Table 1-3 Multivariable survival analysis for stage IV colorectal cancer diagnosed in 1995-2007

Model without treatment Model including treatment
Hazard ratio 95% Cl Hazard ratio 95% ClI

Age

20-49 0.71 0.61-0.82 0.66-0.81 1.05 0.90-1.22

50-59 0.73 0.75-0.90 0.95 0.85-1.05

60-69 0.82 0.96 0.88-1.06

70-79 1 (ref) 1.37-1.69 1

80+ 1.52 1.29 1.16-143
Gender

Male 1 (ref) 1

Female 1.00 0.93-1.07 0.95 0.88-1.02
Site of the primary
tumour

Right 1.22 1.12-1.32 1.1 1.03-1.21

Left 1 (ref) 1

Rectum 1.01 0.92-1.12 0.84 0.77-0.93
Period

95-99 117 1.08-1.27 1.00 0.92-1.09

00-04 1 (ref) 1

05-07 0.80 0.73-0.88 0.95 0.87-1.04
Treatment

Colorectal surgery 0.49 0.46-0.53

Chemotherapy 0.51 0.47-0.56

Liver surgery 0.24 0.20-0.30
DISCUSSION

The proportion of colorectal cancer patients diagnosed with stage IV disease in the
South western part of the Netherlands slightly increased over the specified period. Che-
motherapy use and the rate of patients who underwent hepatic surgery increased over
time and resulted in a significantly increased survival rate which is comparable with the
data found by Kopetz et al."* The results of this two-centre study has some limitations:
they excluded patients who did not receive any treatment because of poor performance
status or preference. Although they included only patients undergoing primary therapy
in these two institutions, a referral bias likely remains.

In the population-based study by Lemmens et al.’® from the Eindhoven Cancer Reg-
istry (one of the eight comprehensive cancer centres in the Netherlands) resection of
the primary tumour and use of chemotherapy was analyzed in the different periods of
diagnosis (1975-2006) according to age for stage IV colon and rectal cancer. Palliative
chemotherapy was increasingly administered in patients with stage IV colon and rectal
disease in their study which is comparable to our results. As a result two-year survival
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rates increased over time. Resection rates of the primary tumour remained high except
for patients with stage IV disease, showing a decrease since 2000.

Traditionally, the standard treatment for stage IV colorectal cancer was to perform a
palliative resection of the primary tumour in order to prevent the risk of intestinal obstruc-
tion, perforation or intractable bleeding. However, prophylactic resection of the primary
tumour in patients with distant metastases is associated with high mortality (6-10%) and
morbidity (20-25%).'®'” Poor nutritional status and a deteriorated overall condition are
held responsible for this phenomenon. Several investigators compared outcomes for
patients who presented with incurable stage IV colorectal cancer depending on whether
they underwent resection of the primary tumour.'®*? The majority of these studies did
not observe a benefit after resection of the primary tumour and questioned the merit
of initial surgery for preventing symptoms of obstruction.'®?* 2 Two studies observed a
significant survival advantage for patients who underwent surgical resection and thus
advocated for elective resection of asymptomatic primary colorectal tumours.?? In
these studies, however, the groups were not properly matched. There were distinct ad-
vantages in demographics of patients selected for surgical resection and this imbalance
in prognostic factors may have caused the survival difference. In the present study, 2-year
survival was significantly better in patients who underwent resection of the primary
tumour, but the comparison was obviously biased by other prognostic factors.

Benoist et al® performed a matched case-control study and suggested that systemic
chemotherapy without resection of the bowel cancer should be the primary treatment
of choice because it would reduce costs and avoid unnecessary surgery. In our experi-
ence and others, minor symptoms of patients with rectal cancer, such as mild obstruc-
tion, pain, bleeding and mucus discharge, reduced after the first or second cycle of
chemotherapy.®*?* Moreover, it has been suggested that the majority of patients with
incurable stage IV colorectal cancer who present with only minimal symptoms of the pri-
mary tumour may die of progressive systemic disease before the development of major
complications related to the primary tumour.’® This approach is supported by Poultsides
et al* who showed that from 233 patients who received up-front combination palliative
chemotherapy for metastatic colorectal disease only 16 patients (7%) required a surgical
intervention with a median time-interval from initiation of CTx to surgical intervention
of 7 (range, 1-27) months. Surprisingly, the resection rate of the primary tumour in the
current study did not change over time. For rectal lesions, surgery of the primary tumour
was performed less often. This may be due to awareness of greater morbidity and mor-
tality associated with pelvic surgery or fear for a permanent colostomy.?”

Policy for the treatment of stage IV colorectal cancer has changed in recent years.
Novel chemotherapy regimes result in higher clinical response rates of the liver metas-
tases. Furthermore, it may downsize the primary tumour, reducing the complication risk
and enabling a high number of RO resections. In our series chemotherapy in palliative
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and neoadjuvant setting increased as did the number of patients who underwent
hepatic surgery. Probably as a result, 2-year survival increased from 14% (1995-99) to
28% (2004-07). According to multivariate analysis, this period effect was independent of
age, gender and sub site but lost its statistical significance after inclusion of treatment
variables, suggesting that the change in treatment was associated with the more favour-
able outcome.

The detection rate of stage IV colorectal disease increased over time and could be
due to differences in registration or incidence, but is probably due to increased and
improved imaging modalities. The percentage of hepatic resections more than doubled
during the study period. Due to the better resolution of new imaging techniques, smaller
metastases can be detected for which hepatic resection may offer cure. Detection of
smaller metastases can be considered as a type of lead-time bias and may accomplish an
improvement of survival. Besides the higher detection rate, a more aggressive treatment
approach has resulted in an increased resectability rate. Reports on reduced morbidity
and mortality following major hepatic resections for CRC liver metastases have changed
our conservative policy toward a more aggressive approach.?®* Multiple metastases,
bi-lobar disease, margins less than 1 cm, and limited extra hepatic disease are no longer
considered contra-indications for resection which enlarges the number of patients
eligible for resection.>34 It is well established that repeat, and even sequential hepa-
tectomy for recurrent colorectal liver metastases is feasible with survival and morbidity
rates similar to those reported after initial hepatectomy.*>3¢ Also, the combination of
conventional resection with local techniques such as radiofrequency ablation can allow
more patients to undergo curative treatment.’ In addition, introduction of the ultrasonic
dissector (CUSA, Tyco healthcare, Mansfield, MA, USA) has enabled more refined and
precise surgery. The use of chemotherapy treatment rates increased considerably during
the study period. Chemotherapy has become more effective in recent years with the
introduction of new agents such as irinotecan, oxaliplatin, bevacizumab and cetuximab.
These novel drugs achieve higher clinical remission rates of metastases which will lead to
higher hepatectomy rates.*>*” Despite the optimistic reports on new developments for
the treatment of stage IV CRC, median survival is still less than a year at population level.

Resection of the primary tumour and hepatic metastases was less often performed in
patients over 80 years of age. This may reflect the perceived morbidity of these proce-
dures in an elderly population. A review by the Colorectal Cancer Collaborative Group
found that elderly patients had an increased prevalence of co morbidity and were more
likely to present with late-stage disease and to undergo emergency procedures.*®

In conclusion, survival for patients with stage IV colorectal cancer has improved over
time which is probably due to the increased use of chemotherapy and the increased rate
of patients who underwent hepatic surgery. The timing of surgical resection of the pri-
mary tumour is a controversial issue and should be subject to prospective investigations.
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ABSTRACT

Background The traditional treatment for stage IV colorectal cancer has changed from
palliative chemotherapy toward an aggressive multimodality approach. In the current
study outcome in patients who underwent surgery for synchronous colorectal liver
metastases (CLM) in a single centre was evaluated.

Methods From January 1991 to May 2008 all consecutive patients with synchronous
CLM who underwent curative resection of both primary and metastatic disease were in-
cluded. Date of resection was divided into two groups: date of hepatic resection before
and after the year 2000.

Results Fifty patients (26%) with synchronous CML were resected before 2000 and 142
patients (74%) underwent resection after 2000. The estimated 5-year disease-free sur-
vival before and after 2000 was 9% and 27%, respectively (P =0.379). More patients who
underwent resection after 2000 were treated with local therapy or underwent resection
for intra-hepatic recurrence (62% vs. 28%, P = 0.033). The estimated 5-year survival
before and after 2000 was 26% and 44%, respectively (P = 0.001).

Conclusion Survival rates in patients with synchronous CLM have been increased in the
past decade. The introduction of new chemotherapeutic drugs and a more aggressive
treatment approach in patients with liver recurrence were probably major factors in this
progress.



Synchronous colorectal liver metastases before and after 2000

INTRODUCTION

Colorectal cancer (CRC) is the second leading cause of cancer-related death in Europe.’
At the time of diagnosis, approximately 25% of the patients already have manifest liver
metastases.? Only a selected group (15-20%) of patients with synchronous colorectal
liver metastases (CLM) are candidates for resection with the intent to cure.? The tra-
ditional approach for stage IV CRC has changed from palliative treatment toward an
aggressive multimodality approach, despite the fact that several studies have found
that patients who underwent resection for synchronous liver metastases have a shorter
disease-free survival than patients with metachronous metastases.*®

Surgical resection is the current standard of care in the treatment of patients with
synchronous CLM. It is expected that due to the improvement of imaging modalities,
the percentage of synchronous CLM will increase. In the South western region of the
Netherlands, the number of synchronous metastases in CRC increased from 16% (1995-
1999) to 21% (2005-2007, data submitted). Besides the higher detection rate, general
improvements in operative and anesthetic technique have resulted in an increase in
patient eligible for surgery. Since 2000, the use of radiofrequency ablation (RFA) has
been introduced for the treatment of liver metastases and this has made patients with
bi-lobar metastases operable who have been contraindicated previously for liver sur-
gery. Moreover, effective chemotherapeutics such as irinotecan, oxaliplatin, and new
monoclonal agents achieve clinical response rates of 50-80% and appear to convert
13% of initially deemed unresectable disease to resectable disease.”® A paradigm shift
in the criteria of surgical resection and the introduction of new chemotherapeutics
regimens are the major factors in the increased resectability rate.>'°

To study the potential influence of all abovementioned factors that changed the treat-
ment policy for patients with CLM, the outcome of patients who underwent surgery for
synchronous CLM in a single centre treated before and after 2000 was compared.

MATERIALS AND METHODS

From January 1991 to May 2008 all consecutive patients with synchronous CLM who
underwent curative resection of both primary and metastatic disease were included.
Synchronous liver metastases were defined as liver metastases detected simultaneously
with the primary tumour by diagnostic imaging or during resection of the primary. Pa-
tients with extra-hepatic metastases were included provided that curative treatment
could be reached. Date of resection was divided into two groups: date of hepatic resec-
tion before and after the year 2000. Patient files were studied for the following patient
characteristics: gender, age, location of the primary tumour, pathological primary tu-
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mour and lymph node stage (pTN), location, maximum size, and number of metastases
on computer tomography (CT), distribution of liver metastases, type of liver surgery,
use of RFA, complications, radicality, site, and treatment of recurrence. Neoadjuvant sys-
temic chemotherapy (CTx) was given in patients with marginal resectable metastases or
>3 metastases. All patients received 5-FU-based chemotherapy, including oxaliplatin- or
irinotecan with or without bevacizumab. Surgery was planned more than 3 weeks after
the last course of CTx. The last cycle of CTx was given without bevacizumab to ensure
an interval prior to surgery of at least 6 weeks."' Hepatic resections were determined
according to standard nomenclature described by Couinaud.'?Radicality was defined as
RO > 0mm and R1< 0 mm.

Overall and disease-free survival was calculated from the date of treatment initiation
for the metastatic disease. Follow-up was routinely performed at the outpatient clinic
and consisted of endoscopic surveillance of the colon 1-year post-surgery and during
the following years depending on relevant findings during examination. Abdominal CT
or ultrasonography and CEA were performed every 4 months for the first year, every 6
months in the second year, and once a year thereafter.

Categorical data are presented as percentage frequencies, and differences between
proportions were compared using the chi-squared tests or Fischer’s exact tests, as ap-
propriate. Continuous data with a significant skewed distribution are expressed as me-
dians and were compared using the Mann-Whitney U-test. Mean values of continuous
variables with normal distributions were compared by unpaired Student’s t-test. Survival
analysis was performed using the Kaplan-Meier method. The log-rank test was used to
identify variables associated with survival. Multivariate analysis was performed using a
Cox proportional hazards regression model to identify those risk factors independently
associated with survival that had been statistically significant in the univariate analysis.
Significance levels were set at P < 0.05. All statistical analyses were performed by using
SPSS version 15.0 (SPSS Inc., Chicago, IL).

RESULTS

Patient characteristics

Curative resection of synchronous CLM was performed in 192 patients. Simultaneous
and staged resection was performed in 16 and 176 patients, respectively. In the staged
group, the time-interval between resection of the primary and liver metastases was 5
(range: 2-38) months. The median age at the time of resection of the primary tumour
was 62 (range: 37-84) years and 128 (67%) patients were men. Figure 2-1 shows the
number of partial liver resections performed because of synchronous and metachro-
nous CLM over time.



Synchronous colorectal liver metastases before and after 2000

40

304

Patients
N
<

104

04
NV DO MDD O A DS S DOS
PSS LSS &S
QIR IR S S SR SC LS P

Year

N
D

c
|

Synchronous
Metachronous

Fig 2-1 Patients with synchronous and metachronous colorectal liver metastases who underwent

resection from January 1991 to December 2008

Fifty patients (group 1) underwent resection before 2000 and 142 patients after 2000
(group 2).Table 2-1 shows the differences between the two groups in demographics and
characteristics of the primary tumour. The median time-interval between resection of

the primary tumour and liver metastases was 4.2 (range: 2-15) months and 5.5 (range:
2-38) months in groups 1 and 2, respectively (P=0.004). Median follow-up of patients in
group 1 was 33 (range: 0-203) months and 29 (range: 5-101) months in group 2. Table
2-2 shows the differences between the two groups in characteristics of the metastases.
Patient who underwent hepatic surgery after 2000 had more advanced metastatic dis-

Table 2-1 Demographics and characteristics of the primary tumour

Before 2000 After 2000 P-value
n=50 n=142

Gender 0.269
Male 37 (74%) 91 (64%)

Age (median) 59 (range, 37-79) 63 (range, 37-84) 0.033
> 60 22 (44%) 89 (63%)

Location primary 0.002
Rectum 10 (20%) 66 (46%)
Colon 40 (80%) 76 (54%)

pT 0.451
T0-2 4 (8%) 19 (13%)
T3-4 46 (92%) 123 (87%)

pN 0.926
Nneg 19 (38%) 51 (36%)
Npos 31 (62%) 91 (64%)

pT, pathological primary tumour stage; pN pathological lymph node stage.
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Table 2-2 Characteristics of the metastatic tumour

Before 2000 After 2000 P-value
n=50 n=142

No. of metastases 2+1.1 3+1.7 <.0001

>3 4 (8%) 50 (35%) <0.001
Size of largest metastasis (cm) 4.1 +25 3.1+£22 0.008

>5 13 (26%) 17 (12%) 0.034
Distribution of metastases

Bi-lobar 14 (28%) 66 (46%) 0.035
Neoadjuvant CTx

Yes 1 (2%) 91 (64%) <0.001
VPE

Yes - 9 (8%) 0.062
Surgery + RFA

Yes - 21 (17%) 0.005
Radicality

RO 46 (92%) 128 (90%) 0.597
Extra-hepatic disease 3 (6%) 12 (8%) 0.408

CTx, chemotherapy; VPE, vena porta embolization; RFA, radiofrequency ablation.

ease, 64% of the patients received neoadjuvant CTx and 17% underwent RFA in addition
to surgery. Two patients with uni-lobar disease (2%) received RFA and 19 patients with
bi-lobar disease (24%) received RFA in addition to surgery. None of the patients received
adjuvant CTx. After 2000 (group 2), significantly more wedge resections/segmentecto-
mies (parenchyma-sparing resections) were performed (62% vs. 48%, P=0.003) and less
extended hepatectomies (1% vs. 14%, P=0.001). In group 2, as opposed to group 1,
median hospital stay was shorter (7 vs. 10 days, P <0.001) with fewer complications (18%
vs. 46%, P <0.001). Two patients in group 1 died within 30 days after resection due to
hepatic insufficiency. There was no 30-day mortality in group 2.

Disease-free survival

In the total study group (n=192), 5-year disease-free survival was 20%. The estimated
median disease-free survival for groups 1 and 2 was 13 and 14 months, respectively.
The estimated 5-year disease-free survival before and after the year 2000 was 9% and
27%, respectively (P=0.379; Fig. 2-2a). Variables considered in univariate and multivari-
ate analysis are shown in Tables 2-3 and 2-4a. Pathological positive lymph nodes of the
primary tumour and more than three hepatic metastases were independent predictors
of disease-free survival in multivariate analysis (Table 2-4a). In group 1, recurrence was
seen in 42 patients (84%). Eighteen patients had only intra-hepatic recurrence of which
five patients (28%) underwent re-resection. In group 2, 86 patients (61%) had a recur-
rence of whom 34 patients only intra-hepatic. A considerable higher percentage under-
went resection or was treated with local therapy for intra-hepatic recurrence compared
to group 1 (62% vs. 28%, P=0.033): Thirteen patients (38%) underwent re-resection, six
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Fig 2-2

a) Disease-free survival of patients with synchronous colorectal liver metastases who underwent
resection before and after 2000

b) Overall survival of patients with synchronous colorectal liver metastases who underwent resection
before and after 2000

c) Survival after recurrence

patients (18%) were treated with RFA and two patients (6%) received stereotactic body
radiation therapy. In both groups, 52% of the patients received palliative chemotherapy.

Overall survival

In the total study group (n = 192), 5-year overall survival was 36%. The estimated median
overall survival for group 1 and 2 was 35 and 51 months, respectively. The estimated
5-year survival before and after 2000 was 26% and 44%, respectively (p = 0.001) (Fig
2-2b).Variables considered in univariate and multivariate analysis are shown in Table2-3
and 2-4b. Pathological positive lymph nodes of the primary tumour and neoadjuvant
CTx were independent predictors of overall survival in multivariate analysis (Table 2-4b)
Figure 2-2c showed the survival of patients with recurrence from date of recurrence with
an estimated 2-years survival before and after 2000 of 36% and 61%, respectively (p =
0.046).
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Table 2-3 Univariate analysis of prognostic factors on disease-free and overall survival in the total study group

Disease-free Overall survival
survival
No. of 5-Year Univariate 5-Year overall Univariate
patients disease-free analysis survival (%) analysis
n=192 survival (%) (log-rank) (log-rank)
Age 0.984 36 0.586
<60 81 11 31
> 60 111 24
Gender 0.369 36 0.09
Male 128 15 30
Female 64 24
Location primary 0.513 0.842
Rectum 76 15 34
Colon 11 19 33
pT 0.174 0.177
TO-2 23 33 41
13-4 169 15 33
pN 0.004 0.023
Nneg 70 33 42
Npos 122 7 29
No. of metastases 0.007 0.646
<3 138 19 32
>3 54 15 40
Distribution of liver 0.157 0.933
disease 112 19 31
Uni-lobar 80 17 37
Bi-lobar
Size of largest 0.202 0.047
metastasis (cm) 162 17 35
0-5 30 20 26
>5
Neoadjuvant CTx 0.836 0.002
Yes 92 29 66
No 100 15 23
Type of surgery 0.532 0.139
Major 125 19 37
Minor 67 15 27
Surgery+RFA 0.021 0.775
Yes 21 0 32
No 165 21 57
Complications 0.406 0.391
Yes 48 14 33
No 144 20 34
Resection margin 0.859 0.768
RO 174 18 33
R1 15 14 36

pT, pathological primary tumour stage; pN, pathological lymph node stage; CTx, chemotherapy; RFA,
radiofrequency ablation.
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Table 2-4a Multivariate analysis of prognostic factors on disease-free survival in the total study group

Factors Disease-free survival
HR (95% CI)

pN

Nneg 1

Npos 1.7 (1.2-2.6) p=0.005
No. of metastases

<3 1

>3 1.7 (1.1-2.5) p=0.008
Surgery+RFA

Yes 1

No 1.5(0.8-2.7) p=0.204

HR, hazard ratio; 95% Cl, 95% Confidence Interval; pN, pathological lymph node stage; RFA,
radiofrequency ablation.

Table 2-4b Multivariate analysis of prognostic factors on overall survival in the total study group.

Factors Overall Survival
HR (95% CI)

pN

Nneg 1

Npos 1.8(1.2-2.9)p=0.011
Size of largest metastasis (cm)

0-5 1

>5 1.6 (1.0-2.8) p=10.062
Neoadjuvant CTx

Yes 1

No 24 (1.4-3.9) p=0.001

HR, hazard ratio; 95% Cl, 95% Confidence Interval; pN, pathological lymph node stage; CTx,
chemotherapy.

DISCUSSION

In the present study patients who underwent resection of synchronous CLM after 2000
have a significantly improved survival. No difference was observed in disease-free sur-
vival between the two groups.

The presence of synchronous metastases usually carries a small decline in prognosis
compared metachronous metastases.® In recent years, the development of improved
hepatic imaging with magnetic resonance imaging (MRI), tri-phase CT, positron emis-
sion tomography (PET), and PET-CT has resulted in an increase in detection rate of syn-
chronous liver metastases. Besides the higher detection rate, a more aggressive surgical
approach and the introduction of new effective chemotherapeutics have resulted in an
increased number of patients who are amenable for curative treatment. In the present
series, a steadily increase has been demonstrated from three patients who underwent
resection of synchronous CLM in 1998 to 39 patients in 2008.
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It still presents a challenge to treat synchronous and the optimal management of these

patients is under evaluation. Besides the traditionally staged resection (primary tumour
first), two other surgical time management procedures can be performed in patients
with CRC and synchronous liver metastases, that is, simultaneous surgery and “liver first”
approach.’™¢ This last approach may increase the number of patients undergoing pos-
sible curative resection of both the primary tumour and metastases.
In patients with synchronous disease it might be beneficial to start treatment with neo-
adjuvant CTx because hepatic and even colorectal surgery (with possible morbidity) can
be avoided in case of incurable metastases during treatment evaluation." It is generally
accepted that patients who are progressive under CTx should not be operated upon,
as they do not benefit from surgery.’® Unresectable or marginal resectable metastases
might be another reason to start with CTx because modern chemotherapeutics allow
13% of patients with initially deemed unresectable CRLM to be amenable for liver sur-
gery with improved survival.”®

There are numerous differences (number, size, distribution of metastases, and the use
of neoadjuvant CTx) between the two groups but no difference in disease-free survival
was observed while survival rates increased significantly over time. Our results suggest-
ed that a more aggressive treatment approach in patients with recurrence could have
contributed to this observation. Re-resection or local treatment for recurrent metastases
has become more conventional as a viable life-prolonging and in some cases, life-saving
procedure.’?' Also in the present series the number of patients who underwent a poten-
tial curative local treatment in case of intra-hepatic recurrences increased from 28% in
group 1to 62% in group 2. Moreover, patients who underwent resection and developed
unresectable intra- or extra-hepatic recurrence in the recent time period received pallia-
tive chemotherapy with more effective agents like oxaliplatin and irinotecan. These two
observations will probably explain the difference in 5-year overall survival rates despite
the same disease-free survival rates between the two groups.

After 2000, age increased in patients who underwent resection. Reduced morbidity
and mortality following major hepatic resections for CLM have changed our traditional
conservative approach in elderly patients toward a more aggressive approach.?>?* As
described previously, age cannot be regarded as a medical contraindication for hepatic
resection of CLM.?> More patients with multiple metastases and bi-lobar disease under-
went resection after 2000. Some of these patients (24%) with bi-lobar disease could un-
dergo curative treatment due to the addition of RFA to surgery. Factors like high number
of metastases or large size of metastases are no longer considered contra-indications
for resection and resections could be performed safely in selected patients.?6=°Size of
metastasis was smaller in patients who underwent resection after 2000. This might be
ascribed to improved hepatic imaging which resulted in earlier detection of metastases
and, as a result, smaller metastases. Detection of smaller metastases can be considered
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as a type of lead time bias and may accomplish an improvement of disease-free and
overall survival. Although in our series this is unlikely because disease-free survival was
not different between the two groups. After 2000, more extra-anatomical resections
were performed. A predicted surgical of <1 cm is no longer considered an exclusion
criteria for resection® and a parenchyma-sparing resection could result in less postop-
erative hepatic insufficiency. Moreover, in case of recurrence, a larger remaining part of
the liver makes a re-resection more feasible.

New and more effective chemotherapeutic agents have recently become available
for the treatment of CLM in the neoadjuvant and palliative setting.>? Both oxaliplatin
and irinotecan in combination with 5-FU/leucovorin-based therapy has substantially
increased the rate and degree of tumour response. In the present study, the majority of
patients (64%) in group 2 were treated with neoadjuvant CTx. This resulted in a selection
bias, because patients with progressive disease after CTx did not undergo resection and
were not included in this study. The patients in the present study all responded on CTx
and may reflect a biological less aggressive behavior of the metastases. However, as
mentioned earlier the disease-free survival was similar in the two time periods suggests
that patient selection was not improved over the years included in this study.

The optimal treatment for patients with synchronous CLM includes regular surveillance
and a multidisciplinary team approach. The treatment strategy frequently depended on
the response to earlier therapies and proper treatment of metastases at an early stage is
associated with better outcome. A strategy of sequenced multiple treatments are mov-
ing the treatment of synchronous CLM to a new multidisciplinary field. This has resulted
in increased survival rates in patients with synchronous CLM. The introduction of new
chemotherapeutic drugs and a more aggressive treatment approach in patients with
liver recurrence are major factors in this progress.
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ABSTRACT

Aim Approximately 25% of the patients with colorectal cancer already have liver metas-
tases at diagnosis and another 30% will develop them subsequently. The features and
prognosis of patients with synchronous and metachronus colorectal liver metastases,
treated with primary resection first followed by partial liver resection were analysed.

Method Curative staged resection of liver metastases was performed in 272 consecutive
patients. Demographics, characteristics of the primary tumour and metastatic tumours,
surgery-related data and outcome were analysed.

Results Synchronous metastases were present in 105 (39%) patients and metachronous
metastases in 167 (61%). More patients in the synchronous group had an advanced
primary tumour (T3/T4 and/or node positivity), more than three liver metastases and
bilobar distribution. A significantly higher percentage of patients in the synchronous
group received neoadjuvant chemotherapy. The 5-year survival rate in the group of 272
patients was 38%. Patients with more than three metastases had a significantly worse
survival rate. There were no differences in disease-free and overall survival rates between
the synchronous and metachronous group.

Conclusion Although patients with synchronous colorectal liver metastases may have
poorer biological features, there was no difference in 5-year disease-free and overall
survival compared with patients with metachronous metastases. This may be explained
by the observation that patients in the synchronous group received significantly more
neoadjuvant chemotherapy.



Liver resection and differences in clinicopathological features and outcome

INTRODUCTION

Colorectal cancer has a high incidence in the Western world. At the time of diagnosis,
approximately 25% of the patients already have manifest liver metastases and another
30% will develop them following treatment of the colorectal primary."? Without treat-
ment, life expectancy is usually < 1 year: With modern chemotherapeutic agents,
median survival currently reaches 16-22 months.** Hepatic resection is the only chance
of long-term survival, which results in 5-year survival rates of 45-58%.5°

In the past, several investigators have reported a poorer prognosis in patients with
synchronous liver metastases.’®'> Some have included this factor into preoperative scor-
ing systems.’®'2'> No patient described in these studies received modern chemotherapy
agents such as oxaliplatin, irinotecan, bevacizumab or cetuximab.

Recent published studies of survival in patients with synchronous and metachronous
hepatic metastases are conflicting.'*"*There are arguments that for simultaneous resec-
tion there is no ‘test of time’ period to evaluate the development of new (extra)hepatic
metastases. This may influence the outcome compared with the metachronous group.
Therefore, we included only patients who underwent a staged resection to preserve
equal groups. Little is known about the difference in characteristics between synchro-
nous and metachronous liver metastases. For these reasons, clinicopathological data
and outcome were analysed in patients with synchronous and metachronous colorectal
liver metastases, treated by primary resection first followed by partial liver resection as
a second stage.

METHOD

The study population consisted of all consecutively treated patients with colorectal cancer
and liver metastases (synchronous and metachronous) who underwent curative resec-
tion of both primary and metastatic disease. Patients were treated during the period from
January 2000 to May 2008 at the Erasmus University MC, Rotterdam, the Netherlands.

All patients had to fulfil the following criteria:

(1) Radical resection of the primary tumour.

(2) The presence of technically removable hepatic metastases (preserving at least two seg-
ments of the liver parenchyma) and the possibility of an oncological radical procedure.

(3) Where patients presented with extra-hepatic disease, only resectable extra-hepatic
metastasis was allowed.

(4) Where a traditionally staged approach could be performed (resection of the primary
tumour first followed by partial hepatectomy).
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All patients diagnosed with colorectal carcinoma underwent an ultrasound or con-
trast computed tomography (CT) of the liver and a chest X ray. The study group was
divided into two based on when the hepatic metastases were discovered. Synchronous
liver metastases were defined as liver metastases detected by preoperative imaging on
CT or magnetic resonance imaging (MRI) or during resection of the primary tumour.
Metachronous metastases were detected during follow up.

The following data characteristics were noted: gender, age, location of the primary tu-
mour, pathological primary tumour (pT) and lymph node (pN) stage, location, maximum
size and number of metastases on CT, extra-hepatic disease, cycles of neoadjuvant che-
motherapy (CTx) regimens, type of liver surgery, complications and radicality. The clini-
cal risk score (CRS), proposed by Fong et al.’® (node-positive primary, number of hepatic
tumours > 1, largest hepatic tumour > 5 cm, preoperative carcinoembryonic antigen
(CEA) level > 200 ng/ml and disease-free interval from diagnosis of the primary tumour
to discovery of the liver metastases < 12 months) is widely used to predict outcome
and survival after hepatic resection for colorectal metastases and is determined in our
study population. CTx was given in a neoadjuvant fashion because of bilobar disease,
extra-hepatic disease or > 3 metastases according to local protocol. All patients received
oxaliplatin- or irinotecan-based CTx with or without bevacizumab. A laparotomy was
planned more than 3 weeks after the last course of CTx. The last cycle of CTx was given
without bevacizumab to ensure an interval prior of surgery of at least 6 weeks.

The hepatic resection was determined according to standard nomenclature described
by Couinaud.?’ Radicality was defined as RO > 0 mm and R1 < 0 mm. Overall survival and
disease-free survival were measured from the date of hepatic resection. Follow up was
routinely performed in the outpatient clinic and it consisted of endoscopic surveillance
of the colon after 1 year and thereafter depending on the findings. Abdominal CT or
ultrasonography and CEA measurements were performed every 4 months for the first
year and every 6 months the second year and once a year thereafter. Categorical data
were presented as percentage frequencies, and differences between proportions were
compared using the x? tests or Fisher’s exact test, as appropriate. Survival analysis was
performed using the Kaplan-Meier method. The log-rank test was used to identify vari-
ables associated with survival. Multivariate analysis was performed using a Cox propor-
tional hazards regression model to identify those risk factors independently associated
with survival that had been statistically significant in the univariate analysis. Significance
levels were set at P < 0.05. All statistical analyses were performed by using SPSS version
15.0 (SPSS Inc., Chicago, lllinois, USA).
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RESULTS

Patient characteristics

Between January 2000 and May 2008, 272 patients underwent curative staged resection
for colorectal liver metastases at our institution. Resection of the primary tumour was
carried out first followed by partial hepatectomy. During this period, more liver resec-
tions for colorectal liver metastases were performed, but synchronous resections (pri-
mary and metastases) and patients who underwent the liver first approach (metastases
first followed by resection of the primary) were excluded for this analysis. The median
age at time of resection of the primary tumour was 62 (range: 28-84) years and 168
(62%) were men.

Synchronous metastases were detected in 105 (39%) patients and metachronous
metastases in 167 (61%). The interval between resection of the primary and the liver
metastases was 6 (range: 2-38) months and 22 (range: 7-195) months for the synchro-
nous and metachronous group respectively. In one patient, in the synchronous group,
an abdominal aortic aneurysm was detected and treated after resection of the primary
tumour. This patient underwent hepatic surgery 38 months after resection of the pri-
mary. There was no significant difference in the male: female ratio or age between the
synchronous and metachronous groups. Follow up was 26 (range: 4-101) months in the
synchronous group and 25 (range: 0-95) months in the metachronous group.

Table 3-1 compares the synchronous and the metachronous groups of patients with
regard to location and stage of the primary tumour. Thirty-six per cent of the patients
were treated with neoadjuvant CTx. CTx was given in a median of six (range: 2-15)
courses. None of the patients received adjuvant CTx. Table 3-2 compares the synchro-
nous and metachronous groups of patients with regard to the number, size, distribution,
CRS, treatment and resection margin of the liver metastases. Patients in the synchronous
group had significantly less complications (17% vs. 31%, P = 0.02). The 30-day mortal-
ity was 2% (6/272) which was not significantly different between the synchronous and

Table 3-1 Characteristics of the primary tumour

Characteristics of the Synchronous Metachronous P-value
primary tumour n=105 n=167
Location primary 0.02
Rectum 33 (31%) 77 (46%)
Colon 72 (69%) 90 (54%)
pT 0.01
T0-2 10 (10%) 37 (22%)
13-4 95 (90%) 130 (78%)
pN 0.01
Nneg 31 (30%) 77 (46%)
Npos 74 (70%) 90 (54%)

pT, pathological primary tumour stage; pN, pathological lymph node stage.
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metachronous groups. Death-related causes were postoperative liver failure (n = 3), pul-
monary complications (n = 2) and one patient had a portal vein occlusion to segments
2/3 after a right extended hemihepatectomy.

Table 3-2 The characteristics of the metastatic tumour and liver surgery

Characteristics of the metastatic tumour Synchronous Metachronous P -value

n=105 n=167

No. of metastases <0.001
>3 34 (32%) 20 (12%)

Size of largest metastasis (cm) 0.06
>5 15 (14%) 41 (25%)

CRS <0.001
1-2 38 (36%) 139 (83%)

3-5 67 (64%) 28 (17%)

Distribution of metastases 0.02
Bi-lobar 51 (49%) 56 (34%)

Neoadjuvant CTx <0.001
Yes 62 (59%) 37 (22%)

Liver surgery 0.2
Extended hemihepatectomy 2 (2%) 6 (3%) 0.72
Hemihepatectomy 34 (32%) 42 (25%) 0.25
Wedge/segmentectomy 67 (64%) 118 (71%) 0.3
RFA 2(2%) 1(1%) 0.6

Extra-hepatic disease 0.8
Yes 9 (9%) 12 (7%)

Resection margin 0.2
RO 94 (90%) 139 (84%)

CRS, clinical risk score; CTx, chemotherapy; RFA, radiofrequency ablation.

Disease-free survival

Patients in the synchronous group had an estimated disease-free survival of 13 months
and a 5-year disease-free survival of 25% (Fig.3-1a). Independent factors in multivariate
analysis were more than three metastases (P = 0.003, HR 2.1, 95% Cl: 1.3-3.6) and the
presence of extra-hepatic disease (P =0.009, HR 2.7, 95% Cl: 1.3-5.9).

Patients in the metachronous group had an estimated disease-free survival of
14 months and a 5-year disease-free survival of 27% (Fig. 3-1a). Independent factors in
multivariate analysis were bilobar disease (P = 0.006, HR 1.8, 95% Cl: 1.2-2.8), extra-he-
patic disease (P=0.01, HR 2.5, 95% Cl: 1.2-5.0) and positive resection margin (P = 0.005,
HR 2.1,95% Cl: 1.1-1.8).

The risk factors of the total study group (n = 272), with an estimated disease-free
survival of 14 months and a 5-year disease-free survival of 26% are shown in Tables 3-3
and 3-4.
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Table 3-3 Clinical risk factors for disease-free and overall survival in the total study group

Metachronous

Disease-free Overall
survival survival
No. of 5-Year Univariate 5-Year Univariate
patients disease-free analysis overall analysis
n=272 survival (%) (log-rank) survival (%) (log-rank)
Age 0.7 0.4
<60 105 22 45
> 60 167 30 32
Gender 0.3 0.6
Male 168 24 34
Female 104 30 46
Location primary tumour 0.6 0.7
Rectum 110 23 37
Colon 162 27 38
pT 0.09 0.05
TO-2 47 35 48
T3-4 225 24 36
Primary tumour LN status 0.02 0.14
Negative 108 32 43
Positive 164 22 34
CEA level 1.0 0.6
<200 ng/ml 242 25 38
> 200 ng/ml 28 33 37
No. hepatic metastases <0.001 0.003
<3 218 30 42
>3 54 7 21
Distribution of liver disease 0.001 0.16
Uni-lobar 165 33 43
Bi-lobar 107 16 32
Largest tumour diameter 1.0 0.7
0-5cm 216 26 37
>5cm 56 22 41

Continued on next page
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Table 3-3 Continued Clinical risk factors for disease-free and overall survival in the total study group

Disease-free Overall
survival survival
No. of 5-Year Univariate 5-Year Univariate
patients disease-free analysis overall analysis
n=272 survival (%) (log-rank) survival (%) (log-rank)
Diagnostic interval 03 0.6
Synchronous 105 25 34
Metachronous 167 27 40
CRS 0.06 0.1
1-2 177 29 42
3-5 95 17 28
Neoadjuvant CTx 0.35 0.6
No 173 27 36
Yes 29 22 44
Extra-hepatic disease <0.001 0.3
No 251 27 39
Yes 21 5 28
Resection margin 0.01 0.09
RO 233 27 40
R1 36 18 22

HR, hazard ratio; 95 % Cl, 95% Confidence Interval; pT, pathological primary tumour stage; LN,
pathological lymph node stage; CEA, carcinoembryonic antigen; CRS, clinical risk score; CTx,
chemotherapy.

Table 3-4 Multivariate analysis of prognostic factors on disease-fee and overall survival in the total study group

Factors Disease-free survival Overall Survival
HR (95% ClI) HR (95% Cl)

No. hepatic metastases

<3 1 1

>3 2.2(1.5-3.2) p<0.001 1.8 (1.2-2.8) p=0.01
Extra-hepatic disease

No 1

Yes 2.9(1.8-4.8) p<0.001
Resection margin

RO 1

R1 1.3(1.1-1.6) p=0.01

Overall survival

Patients in the synchronous group had an estimated overall survival of 42 months and a
5-year overall survival of 34% (Fig. 3-1b). The presence of more than three metastases was
associated with a significantly worse survival on univariate analysis (19%vs 40%, P=0.004).
Patients in the metachronous group had an estimated overall survival of 46 months and
a 5-year overall survival of 40% (Fig. 3-1b). Independent factor on multivariate analysis
was pT3/pT4 status of the primary tumour (P=0.02, HR 2.0, 95% CI: 1.0-3.9).
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The risk factors in the entire group (n = 272), with an estimated median survival of
44 months and a 5-year overall survival of 38% are shown in Tables3-3 and 3-4.

DISCUSSION

The results of this study suggest that long-term survival and even cure could be
achieved after staged resection of colorectal cancer and synchronous or metachronous
liver metastases with a median survival of 44 months and an estimated 5-year survival of
38%. No significant differences were found in disease-free and overall survival between
the synchronous and metachronous group of patients. In our series, patients with syn-
chronous liver metastases had significantly higher CRS.

In recent years, several authors studied the difference in outcome between patients
with synchronous and metachronous disease.'®'>16181921.22 Stydies included patients
with synchronous liver metastases that underwent simultaneous resection of the
primary tumour and liver metastases. This might explain why some authors found a
worse survival and/or decreased disease-free survival in the synchronous group. The
synchronous group did not have a‘test of time’period, that is, the time-interval between
detection of the primary and the metastases. During this period, (unresectable) extra-
hepatic disease may become evident. In our tertiary referral centre, most of the patients
with synchronous metastases were evaluated after resection of the primary tumour in
the referral centre. Patients, who developed extensive (extra) hepatic disease during a
median time-interval of 6 months, were not selected for operation. This might explain
why patients with synchronous hepatic metastases did not have a worse (disease-free)
survival compared with the metachronous group in our series.

Patients with synchronous metastases compared with the ‘metachronous group’
had a worse primary tumour stage, that is, a higher percentage pT3-pT4 tumours and
node positivity. In addition, patients in the synchronous group had significantly more
metastases and bilobar disease. There is no clear explanation for the fact why poorer
prognostic factors were present in the synchronous group. It is surprising that this was
found since all these patients were selected before surgery. It may simply be a reflection
of more aggressive tumour characteristics in patients with synchronous metastases,
which may imply a worse outcome after treatment. It is well known that CRS (in which
CEA level, synchronicity, primary tumour stage, number and size of metastases are fac-
tors) is highly predictive for survival after partial liver resection?, which was not seen in
our study population.

The percentage of neoadjuvant CTx was significantly higher in the synchronous
group. Our policy is to use neoadjuvant CTx in patients with more than three metastases,
bilobar disease and/or extra-hepatic disease. The application of neo-adjuvant CTx leads
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to a selection bias, because patients with progressive disease after CTx did not undergo
resection and were not included in this study. It is generally accepted that patients who
progress during CTx should not be operated upon, as they do not benefit from surgery.?*
The patients in this study all responded to CTx and this may reflect a biological less ag-
gressive behaviour of the metastases. The equivalent survival between the synchronous
and metachronous groups despite a higher CRS in the synchronous group suggests that
neoadjuvant CTx may modify the outcome of the synchronous group to parallel the
outcome of the metachronous group.

However, caution is warranted, because this is a selected group of patients. It is not
based on randomized data and therefore, our study is only hypothesis-generating.

In our multivariate analysis, the number of liver metastases has a significant prognostic
influence on survival. However, this factor is not an absolute factor for patient selection,
as patients with poor prognostic factors may gain benefit from surgery and can still
reach long-term survival and even cure.’®* The inability to identify absolute factors as-
sociated with long-term survival makes it impossible to provide good patient selection
for including or excluding these patients before initial surgery. Multidisciplinary team
meetings with an experienced hepatobiliary surgeon, radiologist and oncologist are
necessary to provide each patient with the best possible treatment options.

Conclusion
Synchronous colorectal liver metastases indicated poorer biological features. How-
ever, there was no difference in 5-year disease-free and overall survival in patients with
synchronous or metachronous metastases. This may be explained by the observation
that patients in the synchronous group received significantly more neoadjuvant che-
motherapy.
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ABSTRACT

Purpose This study was designed to investigate the outcome of “the liver-first”approach
in patients with locally advanced rectal cancer and synchronous liver metastases.

Methods Patients with locally advanced rectal cancer and synchronous liver metastases
were primarily treated for their liver metastases. If successful, patients underwent treat-
ment for the rectal tumour.

Results Twenty-three patients were included. One patient had liver resection without
neoadjuvant chemotherapy followed by chemoradiotherapy. All remaining 22 patients
underwent laparotomy after chemotherapy. Eighteen patients underwent partial liver
resection and subsequent chemoradiotherapy for the rectal cancer. One patient under-
went in one session a partial liver resection and a low anterior resection. Six patients
were not treated according to protocol because of extensive disease. Sixteen patients
(73 percent) completed the full treatment protocol and all are alive after a median period
of 19 (range, 7-56) months.

Conclusions This is the first sizable report on the “liver-first approach” demonstrating
that it may be considered the preferred treatment schedule for patients with locally
advanced rectal cancer and synchronous liver metastases. It allows most patients to un-
dergo curative resections of both metastatic and primary disease and can avoid useless
rectal surgery in patients with incurable metastatic disease.
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INTRODUCTION

Rectal cancer is a common malignancy. In the United States, more than 40,000 new
patients were diagnosed in 2007' and even in a small country as the Netherlands, each
year rectal cancer affects approximately 2,000 new patients. The management of rectal
cancer has rapidly changed during the last decade and is one of the great challenges
for the surgeon. The increase of new multimodality options to treat this group of pa-
tients is continuing and major advances have been made. Local control and survival
of rectal cancer depend on stage and adequate resection, in particular in terms of the
circumferential resection margins.? The standard treatment for early-stage rectal cancer
is preoperative radiotherapy (25 Gy) followed by surgery.® Patients with locally advanced
disease (large T3 and/or T4) have a higher recurrence rate and will receive more benefit
from the down staging effect of the neoadjuvant therapy. For this reason, long pelvic
irradiation (50 Gy) has been applied in these patients with or without the combination
of chemotherapy.** Approximately 30 percent of the patients with locally advanced
rectal cancer present with synchronous liver metastases. Locally advanced rectal cancer
is usually treated with a long course of (chemo)radiation therapy ((CTx)RTx), which takes
five weeks. Approximately six to ten weeks after the last day of radiotherapy patients
will be operated on. Without complications in this treatment schedule, three m