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Abstract

Purpose Limited data suggest that second resections for
colorectal cancer metastases may improve survival, but no
study has compared surgery with chemotherapy in this
setting. Therefore, we retrospectively compared the clinical
outcome of potentially resectable patients who received a
second metastasectomy with those who did not in our
single-centre experience.

Methods We retrospectively reviewed the clinical records of
all patients treated for metastatic colorectal cancer in our
centre over a period of 12 years. We selected patients who
relapsed after radical resection of metastases from colorectal
cancer and were deemed resectable again by our multidisci-
plinary team. We then compared the clinical outcome of
those who received a second operation with those who
refused surgery and also evaluated the role of prognostic
factors.

Results We identified 60 patients fulfilling the inclusion
criteria. Twenty-nine underwent a second resection and 31
refused surgery. Median overall survival rates were 58.7 and
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24.0 months, median times to progression were 14.4 and
6.6 months. Patients who received surgery plus periopera-
tory chemotherapy (18/29) had a significantly better out-
come; 4/29 achieved long-term disease-free survival.
Conclusions Our study suggests that in highly selected
metastatic colorectal cancer patients, a multimodal treatment
plan, including a second resection, can achieve longer sur-
vival with respect to medical therapy.

Keywords Colorectal cancer metastases - Metastasectomy -
Integrated treatment - Neoadjuvant therapy - Adjuvant
therapy

Introduction

Colorectal cancer (CRC) is one of the most common malig-
nancies and accounts for 8 % of cancer-related deaths
worldwide [1]. Europe is considered a high-incidence re-
gion, with more than 400,000 new cases and over 200,000
deaths in 2006. After radical surgery, 20 % of patients with
stage Il and 50 % with stage III CRC will develop metastatic
lesions that in the majority of cases involve the liver. Fur-
thermore, 25 % of patients are diagnosed with stage IV
disease. In this setting, chemotherapy prolongs survival to
about 2 years [2].

It is now widely accepted that in selected patients hepatic
[3] or pulmonary [4] resection can achieve long-term sur-
vival and perhaps cure. Currently, studies report a S-year
overall survival (OS) rate of 25-50 % and median OS often
over 30 months, results far better than those achieved with
chemotherapy alone. This is true only in the case of radical
surgery; partial or palliative resection generally provides no
benefit in terms of survival.
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Nevertheless, the majority of patients will eventually
relapse even after radical surgery. In this case, chemotherapy
is usually the treatment of choice, although limited retro-
spective data suggest that a second resection can achieve
results comparable to those of initial surgery [5—12]. How-
ever, no study has evaluated the results of aggressive mul-
timodal management with respect to outcomes achieved
with medical therapy alone. This work aimed to compare
these strategies in our single-centre experience.

Patients and methods

We retrospectively reviewed the prospectively maintained
medical records of CRC patients seen in our institution between
August 1995 and July 2007. By our policy, patients undergoing
radical (i.e. RO) metastasectomy are followed-up every 3—
4 months with at least a chest X-ray and an abdominal ultra-
sound for 2 years, and every 6 months thereafter. Among those
who relapsed, we selected a subset fit for a second operation and
with radically resectable lesions, as assessed by our multidisci-
plinary team of medical oncologists and surgeons.

All patients had been evaluated on an individual basis after
disease staging by contrast-enhanced computed tomography
(CT) scan of the chest, abdomen, pelvis and other sites if
clinically indicated. In case of diagnostic doubts, positron-
emission tomography or contrast-enhanced ultrasonography
was performed ifavailable. Patients were considered candidates
for repeat surgery ifall the lesions could be resected with radical
intent (i.e. with an adequate safety margin). Furthermore, in
case of liver surgery, a remnant liver parenchyma of at least
30 % was required. In case of lung surgery, resectability was
assessed after pulmonary function testing (spirometry and dif-
fusing capacity for carbon monoxide). A thorough evaluation
of comorbidities and life expectancy was also performed.

For the purpose of the present study, right hemihepatectomy
was defined as anatomical resection of liver segments V, VI, VII
and VIII; left hemihepatectomy as anatomical resection of liver
segments 11, III and IV; liver segmentectomy as anatomical
resection of an entire liver segment. Pulmonary lobectomy
was defined as anatomical resection of an entire pulmonary
lobe. Resections of less than an entire liver segment or pulmo-
nary lobe were considered non-anatomical resections.

All candidates for second resection, lacking strong evi-
dence supporting aggressive management, had been exhaus-
tively informed about both therapeutic options (multimodal
treatment plan including surgery or chemotherapy alone)
and the specific risks of the surgical procedure, following
our centre’s policy. The final decision was left to the patient,
who was requested to sign a written informed consent form,
in accordance with institutional guidelines. Some patients
who agreed to surgery also received perioperatory chemo-
therapy for about 6 months.
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In case of further relapses amenable for surgery, the same
therapeutic approach was followed. Patients who did not
accept surgery received medical therapy only, with restaging
CT scans and serum markers (carcinoembryonic antigen
(CEA), CA19.9) every 3—4 months of treatment. Once the
others became disease-free, they were followed-up accord-
ing to the guidelines detailed above; further imaging studies,
including CT scan, were performed upon clinical indication.

Statistical analysis was performed with KyPlot'™ 2.0 soft-
ware (KyensLab Incorporated, Tokyo, Japan) running on the
Windows® XP operating system (Microsoft Corporation,
Redmond, WA, USA). The tool and related methodology have
been described elsewhere [13]. Patients’ characteristics in the
two groups were compared by Pearson’s chi-square test, Stu-
dent’st test or Kolmogorov—Smirnov test as appropriate. The
primary objective was to compare overall survival, estimated
by the Kaplan—Meier method, between patients who under-
went a second metastasectomy and those who did not, com-
puted from first evidence of relapse after initial surgery for
metastatic disease (intention to treat analysis). Secondary
objectives were to compare progression-free survival and
identify prognostic factors and patient subgroups that gained
more benefit from each treatment modality. In particular,
patients were stratified by AJCC stage at diagnosis (metastatic
or not), number of lesions at second relapse (one or more),
disease volume (less than 10 cm® or more) and perioperatory
chemotherapy (only in the second surgery group); differences
were assessed by log-rank test. The independent prognostic
value of the factors identified was assessed by multivariate
analysis using the Cox proportional hazards model.

Results
Patient characteristics

We identified 105 patients who underwent radical resection
of metastases from colorectal cancer. Seventy-five patients
were evaluated for second surgery at relapse. Of these, 60
had potentially resectable disease and, after thorough dis-
cussion, 29 chose to undergo a second metastasectomy.
Eighteen of these patients also received perioperatory med-
ical treatment with fluoro-folate plus irinotecan (eight
patients) or fluoro-folate plus oxaliplatin (ten patients; one
of these had actually been scheduled for FOLFOXIRI, but
irinotecan was withheld after the first cycle because of
severe gastrointestinal toxicity). Medical treatment was usu-
ally administered for 3 months before and 3 months after
surgery. Responses, evaluated per RECIST 1.0 criteria, were
as follows: no complete responses, 5 partial responses, 10
stable disease and 3 progressive disease. No patient pro-
gressed to an extent preventing surgery with radical intent
during preoperatory therapy.
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The remaining 31 patients did not receive a second re-
section. Nineteen patients declined surgery because a bene-
fit was not demonstrated, nine preferred not to face the
potential morbidity and mortality associated with a second
resection and the remaining three did not give reason for
their decision. Except for a single patient who refused any
therapy, all other patients were treated with a fluoro-folate-
based regimen until progression, unacceptable toxicity or
patient’s refusal. No prolonged treatment breaks were
allowed. Upon progression, the patients were offered further
medical treatment if a reasonable benefit was expected.

Patients’ characteristics are summarized in Table 1. Both
groups are comparable, in particular with respect to age (p=
0.11) and time to relapse from first surgery for metastatic

Table 1 Demographics and characteristics of the 60 patients evaluated
in the study

Second No P
surgery surgery
(n=29) (n=31)
Sex M 13 15 0.42
F 16 16
Median age 57 62 0.11
AJCC stage I 9 7 0.97
at diagnosis m 10 6
v 10 18
Primary Colon 25 21 0.94
tumour site Rectum 4 10
Primary Liver 18 22 0.87
metastatic site Lung 9 7
Local 1 1
Other 1 1
Adjuvant therapy” Yes 21 22 0.39
No 8 9
Palliative Yes 20 30 0.96
chemotherapy® No 9 1
Relapse site® Liver 13 17 >0.99
Lung 8 6
Liver and lung 1 3
Local 3 4
Other 4 1
Number of lesions 1 15 10 0.85
at relapse >1 14 21
Lesions’ volume <10 em® 17 21 0.83
>10 em® 10
N/A 2
Median DFI 14 10 0.88

(months)*

M male, F female, DFI disease-free interval
* After first metastasectomy
®For advanced disease

Table 2 Palliative chemotherapy regimens administered in the 31
patients who did not receive a second surgery and best response
according to RECIST 1.0 criteria

Treatment Best response

Number CR PR SD PD
First line
Fluoro-folate 11 0 1 4 6
Fluoro-folate plus irinotecan 8 0 2 4 2
Fluoro-folate plus oxaliplatin 9 0 3 2 4
Other 2 0 0 0 2
None 1 na  n/a n/a n/a
Second line
Fluoro-folate 5 0 0 0 5
Fluoro-folate plus irinotecan 10 0 2 2 6
Fluoro-folate plus oxaliplatin 8 0 0 5 3
Other 0 0 1 0
None 7 n/a n/a n/a n/a

CR complete response, PR partial response, SD stable disease, PD
progressive disease, n/a not applicable

disease (p=0.88). On average, patients in the chemotherapy
group received two treatment lines for advanced disease
(range, 1-5), detailed in Table 2, which included at least
oxaliplatin or irinotecan except two patients. Sixteen of
these received further treatments beside the first two lines.
Table 3 shows the first resections for metastatic disease
performed in both groups. The second resections (performed
or planned in case of the no surgery group) are shown in
Table 4 and did not differ significantly between the two
groups. Surgical margin status was positive in 4/29 patients.
On average, 1.7 metastasectomies beyond the first one
(range, 1-7) were performed in this group, since ten patients
underwent further resections after second relapse. When

Table 3 Primary resection for metastatic disease performed it the two
study groups

Second surgery ~ No surgery  p
(n=29) (n=31)

Liver

Non-anatomical resection 16 20 0.31

Segmentectomy

Left hemiepatectomy

Right hemiepatectomy 2%

Lung

Non-anatomical resection 9 6

Lobectomy 0 1

Other 2 2

*In one case it was actually an extended right hemiepatectomy, with
additional resection of segment IV
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Table 4 Second surgical procedures performed (for patients in the
second surgery group) or planned (for patients in the no surgery group)

Second surgery No surgery p
(n=29) (n=31)
Liver
Non-anatomical 15* 10 0.09
resection
Segmentectomy 0
Left 0 5
hemiepatectomy
Right 0 3
hemiepatectomy
Lung
Non-anatomical 7 5
resection
Lobectomy
Other

* A patient actually underwent simultaneous non-anatomical resection
of both liver and lung

surgery was no longer feasible or accepted, most of them
received chemotherapy for advanced disease.

Overall survival

After a median follow-up of 77.7 months, 40 survival events
were observed, 16 in the second surgery group and 24 in the
chemotherapy group. Median OS, evaluated since relapse
after first metastasectomy, was 58.7 months (95 % confi-
dence interval (CI), 35.2-82.2 months) in the surgery arm
and 24.0 months (95 % CI, 16.7-31.3 months) in the che-
motherapy group for 5-year survival rates of 48.9 % and
11.4 %, respectively. The difference observed is highly
significant (p<0.001). Among patients in the second surgery
group, those who did not receive perioperatory therapy had
a significantly worse survival rate (30.3 months, p=0.003).
Kaplan—Meier plots are depicted in Fig. 1.

Among the prognostic factors, only a second metastasec-
tomy was significantly associated with survival both at
univariate and multivariate analysis (hazard ratio for death,
0.3; p=0.002 at multivariate analysis), as seen in Table 5.
No treatment-related death occurred in either group.

Progression-free survival

Fifty-five progression events were observed, 25 in the second
surgery group and 30 in the chemotherapy group. Median time
to progression (or relapse in case of a second surgery) was
14.4 months (95 % CI, 3.5-25.3 months) and 6.6 months
(95 % CI, 4.3-8.8 months), respectively; the difference ob-
served is statistically significant (»<0.001). The number of
lesions at relapse, total volume of lesions and stage at diagnosis

@ Springer

1,04

0,84

0,6

oS

04

0,2

0,0

T T T T
0 1000 2000 3000 4000

Time (days)

0,8

0,6

oS

0,4

0,21

0,0

T T T T T T T T U
0 500 1000 1500 2000 2500 3500 3000 4000
Time (days)

Fig. 1 Top: overall survival probability of patients in the second
surgery (/ine) or no surgery (dashed line) groups. Bottom: overall
survival probability among patients who received perioperatory thera-
py and surgery (/ine) or surgery alone (dashed line)

were not significantly associated with prognosis. These data
were also confirmed by multivariate analysis, shown in Table 6.

Among the patients who underwent a second resection,
those who received perioperatory therapy had a significantly
better time to progression (21.6 months; 95 % CI, 0—
49.6 months) than the others (6.7 months; 95 % CI, 0—
13.4 months; p=0.002). Interestingly, all four patients who
did not experience disease relapse are in this good-prognosis
group. Kaplan—Meier plots of progression-free survival are
shown in Fig. 2.

Discussion

Many retrospective studies show that radical resection of
hepatic metastases from colorectal cancer is associated with
improved survival among selected patients. Therefore, it is
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Table 5 Overall survival: Cox
proportional hazards models Predictors Univariate analysis Multivariate analysis
HR 95 % CI P HR 95 % CI P
AJCC stage at diagnosis
I 1 - 1 -
I 0.59 0.24-1.44 0.25 0.46 0.18-1.17 0.10
v 0.90 0.44-1.84 0.77 0.54 0.24-1.20 0.13
Number of lesions at relapse
One 1 - 1 -
More than one 1.15 0.62-2.16 0.65 0.98 0.48-1.99 0.96
Lesions’ volume®
Less than 10 cm® 1 - 1 -
At least than 10 cm® 1.55 0.80-3.02 0.20 1.81 0.91-3.59 0.09
HR hazard ratio Therapy
“Information on lesion’s volume Non-surgical treatment 1 - 1 -
is missing for four patients (see Surgical treatment 0.31 0.16-0.62 0.001 0.30 0.14-0.65 0.002

Table 1)

agreed that when a radical resection is feasible, this strategy
should be considered despite the absence of prospective
randomized studies [2, 14]. Likewise, in selected cases,
patients with lung metastases also benefit from an aggres-
sive therapeutic strategy including surgery, although this is
the subject of some controversy [4, 15]. Some retrospective
reports suggest that in some instances metastases to other
sites can also be radically resected achieving long-term
survival [16].

Most studies identified factors significantly related to
prognosis, although there is no consensus on their relevance.
Therefore, a surgical indication is generally evaluated on an
individual basis, taking into account many factors such as

disease-free interval, disease burden, age, comorbidity, re-
sponse to chemotherapy, probability of radical resection and
type of surgical procedure required. This complex evalua-
tion should ideally be made by a multidisciplinary team.
However, most patients will eventually relapse even after
radical surgery. This situation is becoming increasingly
common with the growing number of metastasectomies
performed. Optimal management is debated since it is not
known whether a second resection, when feasible, is bene-
ficial with respect to chemotherapy alone. Especially in the
case of RO surgery, a relapse means that the disease is no
longer limited but likely systemic and therefore the chance
of obtaining a second long-term remission is low. If this

Table 6 Progression-free sur-

vival: Cox proportional hazards Predictors Univariate analysis Multivariate analysis
models
HR 95 % CI P HR 95 % CI P
AJCC stage at diagnosis
-1I - 1 -
-1II 90 0.42-1.94 0.79 0.97 0.43-2.19 0.94
-1V 0.80-2.92 0.20 1.20 0.59-2.44 0.62
Number of lesions at relapse
- One - 1 -
- More than one 1.17 0.68-2.03 0.92 1.07 0.57-2.03 0.83
Lesions’ volume®
- Less than 10 cm® - 1 -
- At least than 10 cm® 0.92-3.17 0.20 1.65 0.86-3.15 0.13
HR hazard ratio Therapy
*Information on lesion’s volume - Non-surgical treatment - 1 -
are missing for four patients (see - Surgical treatment 0.13-0.50 0.001 0.31 0.15-0.63 0.001

Table 1)
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Fig. 2 Top: progression-free survival probability in the second surgery
(line) and no surgery group (dashed line) groups. Bottom: progression-
free survival probability among patients who received perioperatory
therapy and surgery (/ine) or surgery alone (dashed line)

were the case, a systemic treatment would be necessary to
achieve disease control regardless of surgery. Thus, the fact
that initial hepatic resections afford a survival advantage
cannot be uncritically transferred to further resections.
Moreover, modern chemotherapy regimens achieve good
survival rates in this setting [17, 18] and are associated with
lower morbidity than major surgery.

Several retrospective studies, summarized in Table 7,
evaluated the survival of 819 patients who underwent a
second resection of metastases from colorectal cancer,
reporting interesting results and good 3-year overall survival
rates (46—60 %), at least comparable to those achieved with
chemotherapy alone [5—-12, 19, 20]. In some patients, a third
and even a fourth resection has been reported, with a few
cases of long disease remission.

A second metastasectomy is associated with low perio-
perative mortality (6/819 patients, 0.7 %), with six studies
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reporting no perioperative mortality. No perioperative mor-
tality occurred in our series, further confirming literature
data. Another recent retrospective study on the outcome of
liver resection for metastatic colorectal cancer reported a
better survival in relapsed patients who underwent a second
resection with respect to the others, but the disease burden
between the groups may be quite different and bias the
result. Indeed the work was not specifically tailored to
answer this question [21].

Surgery-associated morbidity is more difficult to esti-
mate. Two studies do not report data; the others report a
complication rate of 15-28 %, but events might have been
assessed differently. In any case, a second resection appears
feasible and is likely associated with a complication rate not
much higher than a first hepatic metastasectomy [3].

In summary, limited evidence suggests that for some highly
selected well-informed patients a second surgical resection for
metastasis from colorectal cancer could be a reasonable ther-
apeutic option if potentially radical. No study, however, has
compared the outcomes of this aggressive clinical approach
with a control group of patients who received only medical
therapy. To answer this important question a randomised
controlled prospective trial would be required. However, such
a study could be challenging and have poor accrual, since
patients may prefer to share this important therapeutic choice
with their physician and refuse randomisation. Therefore, we
designed this retrospective study, the first, to our knowledge,
performing a direct comparison.

We report the clinical outcomes of patients who underwent
a second (or further) resection and those of patients who
received only chemotherapy. The control group comprised
resectable patients who refused surgery. This is a possible
source of selection bias, but the groups do not significantly
differ for many factors reported to have an impact on progno-
sis after first metastasectomy [22, 23] also including the
surgical procedures effectively performed (second surgery
group) or planned (no second surgery group).

CEA preoperatory level was not considered among the
prognostic factors due to conflicting literature data, as many
studies do not associate it with survival [24-29]. A recent
work evaluating prognostic scores for patients undergoing
liver resections for CRC metastases, some of which do
include CEA level, supports its independent prognostic sig-
nificance for disease-specific survival, but did not evaluate
OS. Furthermore, as the authors acknowledge, the clinical
value of prognostic scoring systems is still unclear [30].

The resectability rate in our study is indeed high and is
likely due to early diagnosis of relapse. In fact, intensive
follow-up, including regular imaging studies, is common
practice at our centre, although its impact on survival has not
been demonstrated.

As previously stated, the expected risks and benefits of
each treatment modality (i.e. a second resection for metastatic
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Table 7 Retrospective studies evaluating the outcome of patients undergoing second surgery for metastatic colorectal cancer

Number  Site Second Third Fourth 3-year OS Negative
resection  resection  resection prognostic factors
Nordlinger 1994 [5] 130 Liver 116 12 - 33 % -
Fernandez-Trigo 1995 [6] 170 Liver Other 170 8 - 45 % R2 resection
Adam 1997 [7] 64 Liver 64 15 4 60 % R1-2 resection DFI
Yamamoto 1999 [8] 90 Liver 64 15 4 60 % N+ >4 lesions
Extrahepatic disease
R1-2 resection
Petrowski 2002 [9] 126 Liver 126 11 - 51 % Size Multiple lesions
Ogata 2005 [10] 76 Lung 14 3 1 46 % N+ Extrathoracic disease
Miller 2007 [23] 131 Liver Lung 54 - 55 % Age DFI <I year
Multiple lesions
Nishio 2007 [11] 54 Liver Lung Other 54 12 2 53 % Size Serum CEA
R1-2 resection
Welter 2007 [12] 175 Lung 33 7 1 53.8 %"  DFI Multiple
lesions Age
Mise 2010 [24] 216 Liver Lung Other 98 6 - ~55 %" Number of lesions

Pulmonary
disease Pulmonary
and hepatic
disease Size

DFI disease-free interval
*5-year OS
® Estimated from Kaplan-Meier plot; no explicitly stated

disease or chemotherapy alone) were discussed with every
patient. This could have introduced a further bias, considering
that the curing physician’s convictions can lead to partial or
unbalanced information and therefore guide the patient’s de-
cision. A recent work, however, reported that most decisions
on cancer treatment with uncertain evidence are indeed
patient-controlled or shared, while only 15.7 % are
physician-controlled [31], suggesting that such influence is
negligible.

Although not a primary objective, our study also suggests
that perioperatory chemotherapy has an important role. It
was associated with significantly better overall survival and
disease-free survival, and in some cases, long-term remis-
sion was also achieved. These data are consistent with the
results of a recent trial which demonstrated an advantage for
perioperatory chemotherapy with respect to surgery alone
[32]. This approach should therefore be considered in
the majority of patients, despite its potential disadvan-
tages [33], also allowing a better selection of patients
for resection [34, 35].

The clinical outcomes of the 31 patients in the chemo-
therapy group (median OS, 24 months) were comparable to
data reported in contemporary clinical trials of chemothera-
py, suggesting that it represents a reliable control population
[18, 36, 37]. This is likely due to the progressive introduc-
tion of new drugs and therapeutic schedules with good

activity, leading to a meaningful improvement in the prog-
nosis of advanced colorectal cancer patients.

The major limitation of the study is the small number of
patients, which reduces its clinical and statistical signifi-
cance. Inclusion criteria are indeed stringent, and the mono-
centric design allows a rigorous evaluation of a highly
selected patient population homogeneously treated and
followed-up, uncommon characteristics among retrospec-
tive studies.

In conclusion, this is the first retrospective study to
compare the clinical outcomes of colorectal cancer patients
treated in the same oncology centre by second surgery for
metastatic disease with a control group. The control group
comprised of patients fit for surgery who relapsed after
radical metastasectomy and refused a second resection even
though lesions were deemed resectable with radical intent.
The study shows a clear advantage in survival and time to
progression, confirmed by multivariate analysis, for the
second surgery group: some patients (4/29; 13.8 %) even
achieved long-term disease remission. It also suggests that
to achieve best results, surgery should be integrated with
perioperatory chemotherapy.

Therefore, in highly selected patients relapsing after rad-
ical surgery for metastatic colorectal cancer, a second meta-
stasectomy can be considered, especially as part of a
multimodal therapeutic strategy. Treatment-related mortality
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and morbidity are acceptable and counterbalanced by a
substantial survival advantage, with some patients experi-
encing long-term disease remission.
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