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Abstract

Background: A majority of patients with rectal cancer and metastasis are not eligible to curative treatment because
of an extensive and unresectable metastatic disease. Primary tumor resection is still debated in this situation. Rectal
surgery treats or prevents the symptoms and avoids the risk of acute complications related to the primary tumor.
Several studies on colorectal cancers seem to show interesting results in terms of survival in favor to the resection
of the primary tumor. To date, no randomized trial or even a prospective study has assessed the impact of primary
tumor resection on overall survival in patients with colorectal cancer with unresectable metastasis. All published
studies were retrospective and included colon and rectal cancers. Rectal cancer is associated with specific problems
related to the rectal surgery. Surgery is more complex, and may be source of more morbidity and postoperative
functional dysfunctions (stoma, digestive, sexual, urinary) than colic surgery. On the other hand, symptoms related
to the progression of rectal tumor are often very disabling: pain, rectal syndrome.

Methods/Design: GRECCAR 8 is a multicentre randomized open-label controlled trial aimed to evaluate the impact
on survival of the primary tumor resection in rectal cancer with unresectable synchronous metastasis. Patients must
undergo upfront systemic chemotherapy for at least 4 courses before inclusion. Patients with progressive metastatic
disease during upfront chemotherapy will be excluded from the study. Patients will be randomly assigned in a 1:1
ratio to Arm A: primary tumor resection followed by systemic chemotherapy versus Arm B: systemic chemotherapy
alone. Primary endpoint will be overall survival measured from the date of randomization to the date of death or to
the end of follow-up (2 years). Secondary endpoints will include progression-free survival, quality of life, toxicity of
chemotherapy, response of the primary tumor and metastatic disease to chemotherapy, postoperative morbidity
and mortality, rate of patient not eligible for postoperative chemotherapy (arm A), primary tumor related complications
and rate of emergency surgery (arm B). The number of patients needed is 290.
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Background
Colorectal cancer (CRC) is the second most common
cause of cancer deaths in Western countries and a signifi-
cant public health issue with 38,000 new cases and 16,000
deaths annually in France [1]. Rectal cancer accounts for
about one-third of colorectal cancers, with 14-18% of pa-
tients with synchronous metastatic disease (stage IV) at
first presentation [2]. In stage IV disease, a curative strat-
egy can only be proposed for selected patients when the
primary and distant metastases are both resectable with
20-50% rates of long-term survival and cure after
complete resection [1]. However, most (75-90%) metasta-
ses are unresectable leaning no curative option for these
CRC with synchronous metastases. The treatment strategy
will mostly be palliative, prolong survival with the best
quality of life. In these cases, palliative chemotherapy can
provide significant benefit in term of overall survival and
quality of life [3,4]. Improvement in systemic chemother-
apy have increased median survival from 9 months when
only 5-fluorouracil (5-FU) was available to more than
24 months combination chemotherapy and biological
agents [5-8]. But several studies suggested that primary
tumor resection was probably beneficial for those patients.

Impact on survival of primary tumor resection in patients
with CRC and unresectable metastases
Several studies have assessed the impact of primary
tumor resection for CRC with unresectable metastases
[9-27]. None of the published studies were randomized.
They were most often retrospective and reported by a
single-centre. The major drawback in these studies was
that surgery was offered to the patients with the best
performance status and the preferred treatment for the
other patients was chemotherapy alone. In addition, pa-
tients with extensive metastatic disease were more likely
to be offered chemotherapy rather than surgery. In con-
clusion, there are some biases in these studies, and the
results should be interpreted with caution. However,
despite these limitations, a significant improvement of
the median overall survival for the primary tumor resec-
tion group was observed in the majority of these studies.
Multivariable analysis found resection of the primary

tumor to be an independent favorable prognostic factor
[11,13-15,17,18,20,23,24,27,28]. The largest study was car-
ried out by Venderbosh et al. [28]. They retrospectively
analyzed two randomized trials, CAIRO and CAIRO II,
which were originally designed to investigate the impact of
chemotherapy on survival in patients with CRC and meta-
static disease. The outcomes, including overall survival
(OS) and progression-free survival (PFS), were analyzed
on the basis of whether patients underwent resection of
their primary lesion (n = 547) or not (n = 300) before
chemotherapy. Patients who entered the CAIRO and
CAIRO II study after resection of their primary tumor
had longer OS (16.7 vs. 11.4 months and 20.7 vs. 13.4
respectively). PFS was also longer (marginally for CAIRO:
6.7 vs. 5.9 months and 10.5 vs. 7.8 for CAIRO II). Ferrand
et al. published a study in 2013 using the data from the
FFCD 9601 trial, which was designed to evaluate four lines
of single agent chemotherapy regimen [29]. Out of the
216 patients with stage IV CRC, 156 patients had under-
gone resection of their primary tumor prior to entering
the study. Both median OS (16.3 vs. 9.6, p > 0.0001) and
PFS (5.1 vs. 2.9, p < 0.001) were significantly higher in the
resection group. The multivariate analysis showed resec-
tion of the primary tumor to be the strongest independent
prognostic factor for both OS and PFS. Although the ana-
lysis of the studies of Venderbosh et al. and Ferrand et al.
appears straightforward, the observations can be explained
by patient selection [28,29]. Indeed, in these two studies,
patients were enrolled either at diagnosis, or after recovery
from resection of the primary lesion. Therefore, neither
the indication for resection, nor the morbidity and mortal-
ity associated with the surgery, were recorded. In fact, the
denominator for the surgery cohort was patients who
underwent surgery and recovered sufficiently to receive
chemotherapy. We do not know how many patients
underwent surgery and experienced complications which
delayed chemotherapy, attenuated the course of chemo-
therapy, or rendered the administration of chemotherapy
impossible. Furthermore, we do not know how many pa-
tients died directly as a result of primary tumor resection.
A recent meta-analysis conducted by Stillwell et al., but
based on eight retrospective studies, has also shown an
improvement in the survival of patients who underwent
resection of their primary tumor compared to those
treated with chemotherapy alone, with an estimated stan-
dardized median difference of six months (p < 0.001) [30].
And recently, two retrospectives studies using a propensity
score analysis to limit biases also suggested the positive
impact on survival of primary tumor resection in these situ-
ations (OS: 17.9 months vs 7.9 months, p > 0.0001 [31] and
13.8 vs 6.3 months, p = 0.0001 [32]).

Impact on quality of life of primary tumor resection in
patients with CRC and unresectable metastases
Quality of life is a critical aspect of palliative treatment.
All previous studies evaluating the impact of primary
tumor resection for patients with unresectable metastases
have focused on survival and morbidity. Quality of life has
never been specifically assessed, although it can be im-
pacted by several parameters. Firstly, it may be impacted
by the symptoms related to primary tumor and resulting
complications. This is particularly true with rectal cancer,
which is known for its disabling symptoms (pelvic pain,
rectal syndrome, digestive hemorrhage, obstruction or ab-
scess) when the primary tumor is progressing. Quality of
life may also be impacted by postoperative morbidity after



Cotte et al. BMC Cancer  (2015) 15:47 Page 3 of 10
resection of the primary tumor or emergency surgery
for complications related to the primary tumor. For rectal
tumors - probably more than for colon tumors - morbidity
and postoperative functional disorders (stoma, digestive,
urinary or sexual disorders) are frequent and have an im-
pact on quality of life. Chemotherapy tolerability, which
may be different according to the presence or absence of
the primary tumor, is another aspect of palliative treat-
ment that may impact on quality of life.

Complications related to unresected primary tumors
Unresected primary tumors can lead to tumor complaints
and complications linked to the growth of the primary
tumor, such as obstruction, perforation or bleeding. Emer-
gency surgery was associated with high morbidity and
even mortality [17,25,33-35]. The risk of local complica-
tions related to a tumor left in situ during chemotherapy
varied from 8.5% to 30% and the highest risk was of ob-
struction (6-29%) [10,17,23,36-41]. These results need to
be interpreted with caution, as they come from dated
retrospective series that involved very few patients sup-
ported over long periods of time with heterogeneous
chemotherapy regimens. In addition, many of these series
included patients with for whom the primary tumor com-
plicated primary tumors or who were symptomatic at first
presentation [10,42,43]. With recent advances in systemic
chemotherapy, the risks and benefits of an immediate or
deferred surgical strategy have changed. In contrast to the
response rates of 5-FU and leucovonrin of approximately
15%, combinations with modern chemotherapy, such as
infusional fluorouracil/leucovorin with oxaliplatin or irino-
tecan have yielded response rates of 50% and disease con-
trol rates of 85% in prospective clinical trials [5,44].
Furthermore, adding the targeted agent bevacizumab and/
or cetuximab to the above combinations has been shown
to obtain a clinically significant improvement in response
rates [4,6,7,45,46]. In the area of effective chemotherapy,
the risk of primary tumor related complications and the
subsequent need for emergency colectomy and/ or other
primary tumor related interventions is low, less than 15%
in most series. In the series reported by Muratore et al.
and Poultsides et al. in which patients were mainly treated
with effective chemotherapy (oxaliplatin, irinotecan, tar-
geted agent) and had asymptomatic or uncomplicated pri-
mary tumors at presentation, the risk of complications
was close to 10%, which can be explained by the response
of the primary tumor to chemotherapy observed [47,48].

Management of chemotherapy in the presence of the
primary tumor
There are no specific studies in the literature that have
evaluated the influence of the in situ primary tumor on
chemotherapy tolerance and safety. In the EORTC phase
III study, which showed an improvement in 3-year
progression-free survival with perioperative FOLFOX
based chemotherapy, compared to surgery alone in patients
with initially resectable liver metastases (<4 metastases), for
34% of patients the primary tumor was in place at
randomization and no increased toxicity was reported in
these patients [49]. In several retrospective studies, no dif-
ference in chemotherapy toxicity was observed, regardless
of whether or not the primary tumor was in place
[15,16,50]. Bevacizumab has been associated with a 1%
to 2% incidence of gastrointestinal perforation in pro-
spective clinical trials [51,52]. In the study reported by
Poultsides et al., 48% of the patients received bevacizu-
mab and only two of the five perforations observed (all at
the site of the primary tumor) occurred during bevacizu-
mab therapy; one patient experienced perforation 6 months
after the final administration of bevacizumab, whereas two
were naïve to this agent [48]. Although the small number
of patients who developed this complication precludes
drawing any definitive conclusions, bevacizumab did not
appear to increase the rate of perforation. One other aspect
is the efficacy of the chemotherapy in presence of the pri-
mary tumor. Whether or not the primary tumor has an
impact on chemotherapy efficacy is debated. A recent
retrospective study on 409 patients with metastatic colo-
rectal cancer treated by chemotherapy suggested that beva-
cizumab improved overall survival only for patient who
were operated before chemotherapy for primary tumor re-
section [53]. For patients without K-RAS mutation, anti-
EGFR antibodies are also a possibility, although no study
has yet examined the effect of these antibodies in patients
with a metastatic CRC and a primary tumor in place [4].

Morbidity of primary tumor resection in the setting of
unresectable metastasis
For patients operated for their primary tumor as part of
their initial management, the question of the potential
extra-risk of postoperative morbidity associated with the
resection of the tumor in metastatic setting should be ad-
dressed. Several studies have suggested that resection of
the primary tumor in the presence of metastatic disease is
associated with high postoperative morbidity and mortal-
ity rates [17,28]. One study by Stelzner et al. reported that
15 out of 128 patients (11.7%) patients died within 30 days
of surgery [17]. However, in this study many of these pa-
tients were symptomatic and underwent emergency sur-
gery. The same series found a 27.8% mortality rate in
patients who underwent emergency surgery compared to a
7.3% mortality rate for elective procedures (p = 0.002). The
high postoperative mortality rate of 4.6% reported by Scog-
gins et al. included patients who were symptomatic at the
time of resection and the patients who died after surgery
were found to have severe carcinomatosis [9]. These mor-
tality rates were higher than those found in a recently-
published meta-analysis in which collectively, perioperative
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mortality was 1.7% (95% CI 0.7%-3.9%) [30]. This lower
mortality rate can be accounted for by the fact that most
patients within this meta-analysis were asymptomatic and
were managed electively. In this meta-analysis, postopera-
tive morbidity occurred in 68 of 299 patients for a pool pro-
portion of 23% (95% CI 18.5-21.8). The most frequent
complication was wound infection which could be managed
conservatively; however, in some instances, a major compli-
cation arose requiring additional surgery. Anastomotic leak-
age, occurring in 1.7% of patients (5/299 patients) in the
series included, is more commonly a significant complica-
tion of rectal cancer resection. It often leads to sepsis, signifi-
cantly prolongs hospital stays and delays or even precludes
the administration of chemotherapy [30]. With modern
management (perioperative immunonutrition, laparoscopic
resection, enhanced recovery after surgery), the morbidity of
an elective rectal surgery for an asymptomatic patient with
unresectable metastasis is probably not so high as it was
described in the literature in the past.
Patient selection for primary tumor resection
Surgery should be avoided in patients with rapidly pro-
gressing tumors [54]. Progression during preoperative
chemotherapy should be regarded as a biological marker
for poor prognosis and an indication for administering
second-line chemotherapy before considering surgery
[49]. Progression during first-line chemotherapy occurs
in about 5-10% of patients [55-57]. Stelzner et al. con-
ducted a multivariable analysis, which showed that the
resection of the primary tumor in CRC with unresect-
able metastases was a predictor of prolonged survival, and
that chemotherapy was the only treatment-related factor
associated with prolonged survival on an intention-to-
treat basis [17]. They therefore concluded that chemother-
apy should be the first treatment step for these patients,
selecting a group of patients who might benefit from a de-
ferred resection of the primary tumor. In another study,
they demonstrated the feasibility of this option in patients
with resectable rectal cancer and unresectable metastases
[58]. In a small cohort of 22 patients, 7 patients without
tumoral progression under first-line chemotherapy finally
underwent resection of their primary tumor and showed a
higher median overall survival than patients without resec-
tion (27.2 months vs. 12.4 months, p = 0.017). There
were no post-operative deaths in this study. In case of
palliative treatment where the option of complex sur-
gery on a primary rectal tumor is envisaged, chemo-
therapy should be the first treatment and surgery
should only be proposed when there is no progression
during preoperative chemotherapy. Patients with a
poor prognosis due to progressing disease are thereby
spared the risks of major rectal surgery with unneces-
sary surgical complications.
Methods/Design
Protocol overview
This study is a multicentre randomized open-label con-
trolled trial aimed to evaluate the impact on survival of the
primary tumor resection in rectal cancer with unresectable
synchronous metastasis (Figure 1- Flow chart study).
Patients will be randomly assigned in a 1:1 ratio to Arm A:
primary tumor resection followed by systemic chemothe-
rapy versus Arm B: systemic chemotherapy alone.

Participants
The institutional sponsor is the HCL-DRC (Hospices Civils
de Lyon- Département de la Recherche Clinique). This
study is supported by the French Research Group of Rectal
Cancer Surgery (GRECCAR) and the French Federation of
Surgical Research (FRENCH). Patients will be included
from 25 centres in France (see the list of participating cen-
tres in acknowledgments section). All patients must fulfil
the following criteria: resectable rectal cancer with unre-
sectable metastasis and no progression during upfront
chemotherapy. The complete inclusion and exclusion
criteria are given Table 1.

Randomization
After upfront chemotherapy without tumoral progression,
if the patient has given informed, written consent and
meets inclusion criteria, he will be randomized, using an
interactive Web response system. Randomization will be
balanced and stratified by investigating centre and localisa-
tion of the primary tumor (high versus middle/low rectal
cancer).

Treatments
Chemotherapy
Patients will receive systemic chemotherapy according to
standard local practices. The choice of the different
chemotherapy regimens and the management of the med-
ical treatment are left to the investigator’s appreciation
throughout the patient’s treatment. The investigator will
be able to choose the type of chemotherapy considered as
the most effective in light of current scientific data and the
patient’s general health or nutritional status after discus-
sion and validation by each MDT (Multidisciplinary
Team). The most common combinations are oxaloplatin
or irinotecan plus capecitabine or 5-FU with or without
bevacizumab. In cases of K-RAS wild-type tumors, anti-
epidermal growth factor receptor (EGFR) antibodies pani-
tumumad and cetuxiamb can be used.
Before inclusion, patients will receive upfront chemo-

therapy for at least four cycles. If patients are already
undergoing systematic chemotherapy, inclusion is pos-
sible if no progression has been observed during the
last four courses of chemotherapy. If the patient has re-
ceived no treatment at all, they must receive at least



Figure 1 GRECCAR 8-Flow chart.
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four courses of systemic chemotherapy in order to as-
sess disease control under chemotherapy. If there is no
progression during the chemotherapy, the patient can
be included. In case of disease progression, the chemo-
therapy regimen must be switched, and patient can be
included if there is no disease progression after four
courses of chemotherapy. If eligible, patients can be
included in another trial of first line metastatic CRC.
After randomization in Arm A, chemotherapy will

start within 4 weeks after surgery. Bevacizumab should
not be administered during the six weeks before and
after surgery. In Arm B, chemotherapy will start within
three weeks after randomization. If complications occur,
emergency surgery can be performed according to the
local practices of each investigator center.

Surgical resection
Primary tumor resection will be performed within 3 weeks
after randomization. Immunonutrition will be given seven
days prior to primary tumor resection following the 2011
HAS labeled French clinical guidelines. Mechanical bowel
preparation will be performed before surgery according to
the local practices of each investigator center. Primary
tumor resection will be performed by laparoscopy (recom-
mended) or by laparotomy according to the local prac-
tices of each investigator centre. The type of resection
(coloanal or colorectal anastomosis, abdominoperineal
resection, delayed anastomosis, …) is let at the investi-
gator’s discretion but must fulfill with the oncological
quality criteria.
Radiotherapy
Radiotherapy or chemoradiotherapy is authorised in both
arms if necessary, for downstaging in Arm A before
surgery or for symptomatic control in Arm B.
Outcomes and assessments
Primary outcome
Overall survival will be measured from the date of
randomization to the date of death or to the end of
follow-up (2 years).



Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

• Non-complicated primary tumor (i.e. tumor without obstruction,
bleeding, abscess or perforation requiring emergency surgery
and/or contra-indicating first-line chemotherapy)

• Rectal tumor operated before inclusion

• Unresectable synchronous metastases • Resectable metastases

• Rectal adenocarcinoma (<15 cm from the anal verge) with few or no
symptoms and unresectable metastasis (assessed by the investigator)
unsuitable for curative treatment

• Symptoms related to the rectal tumor requiring first intention rectal
surgery (appreciated by investigator)

• No known unresectable primary tumor (with clear margin > 1 mm)
on CT-scan and MRI

• Contra-indication for surgery

• No disease progression under chemotherapy (for at least 4 cycles) • Complicated (obstruction, bleeding, abscess, perforation) primary
tumor requiring emergency surgery and/or contra-indicating first
line-chemotherapy

• Assessment of KRAS status before randomization (wild type or mutated)

• ECOG performance status 0-1 • Non-resectable primary tumor (with wild margin)

• Life expectancy without cancer >2 years • Under nutrition (albumin < 30 g/l)

• White blood cell count≥ 3 × 109/L, with neutrophils≥ 1,5 × 109/L, platelet
count≥ 100 × 109/L, hemoglobin≥ 9 g/dL (5,6 mmol/l)

• Peritoneal carcinomatosis

• Total bilirubin≤ 1.5 x ULN (upper limit of normal), ASAT and ALAT≤ 2.5 ×
ULN, alkaline phosphatase ≤ 1.5 × ULN, serum creatinine≤ 1.5 × ULN

• Disease progression under chemotherapy (RECIST 1.1 criteria)

• Age ≥ 18 years≤ 75 years • Known hypersensitivity reaction or specific contraindications to any of
the components of study treatments

• Patients with childbearing potential should use effective contraception
during the study and the following 6 months

• Clinically relevant coronary artery disease or history of myocardial
infarction in the last 12 months, or high risk of uncontrolled arrhythmia

• Covered by a Health System where applicable, and/or in compliance
with the recommendations of the national laws in force relating to
biomedical research

• Pregnancy (absence to be confirmed by ß-hCG test) or breast-feeding

• Signed written informed consent obtained prior to any study-specific
screening procedure

• Previous malignancy in the last 5 years
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Secondary outcomes
Progression-free survival, quality of life, toxicity of chemo-
therapy, response of the primary tumor and metastatic
disease to chemotherapy, time to disease progression, rate
of secondary curative resection, postoperative morbidity
and mortality, rate of patient not eligible for postoperative
chemotherapy (arm A), primary tumor related complica-
tions and rate of emergency surgery with post-operative
morbidity and mortality associated (arm B).

Pre-therapeutic work-up
Patients eligible for the study will be seen in clinics fol-
lowing upfront chemotherapy to check the inclusion and
exclusion criteria. The patient will be required to give
written informed consent to participate to the study be-
fore any non-routine screening tests or evaluations are
conducted. The following assessments should be per-
formed: Performance Status, quality of life (EORTC
QLQ-C30, QLQ-CR29), colonoscopy with biopsy, KRAS
mutation assessment, thoraco-abdominopelvic CT scan,
rectal MRI or endorectal ultrasonography, laboratory
exams: serum CEA, CA19-9; haemoglobin, leukocytes,
neutrophils, platelets, glycemia, AST, ALT, LDH, total
bilirubin, alkalin phosphatase, serum albumin, total
protein, plasmatic APTT, PT and INR; creatininemia
and creatinine clearance.

Follow-up
The postoperative morbidity and mortality will be assessed.
Postoperative morbidity is defined as surgical or medical
complications that occur within 30 days after surgical
intervention. The evaluation of postoperative morbidity
and mortality will be assessed in the primary tumor resec-
tion arm (arm A) and in the chemotherapy arm (arm B)
for patients who require emergency surgery. The post-
operative complications will be evaluated according to the
Clavien-Dindo Classification of Surgical Complication and
graded 0 to V [59]. Chemotherapy toxicity will be graded
according to the National Cancer Institute Common Tox-
icity Criteria for Adverse Events (NCI-CTC-AE V4.0) in
both treatment arms.
The response to systemic chemotherapy of the primary

rectal cancer will be evaluated after 4 courses of chemo-
therapy, and at one and two year after randomization in
the chemotherapy arm B using MRI or endorectal ultra-
sound (maximal sizes and tumoral volume evaluated by
MRI). The response rate of the metastatic disease will be
evaluated in both treatment arms after 4 cycles of
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chemotherapy and then every three months by CT scan
and analyzed using the RECIST 1.1 criteria [60]. Time to
disease progression is defined as the lapse of time be-
tween the date of randomization and the first date of
progression (clinical or imaging) of the metastatic dis-
ease in both treatment arms, or of the primary rectal
tumor in the chemotherapy arm (arm B). The rate of
secondary curative resection will be assessed in both
treatment arms and will concern resection of both the
primary tumor and the metastatic disease. Those rates
will be estimated at 12 months and for the whole follow-
up period. After surgery, progression will be defined as
an obvious appearance of a recurrence on imaging (CT
and/or MRI and/or PET) or proven by biopsy. Primary
tumor complications such as obstruction, bleeding, ab-
scess and perforation will be collected in the chemother-
apy arm (arm B). The rate of primary tumor related
complications will be assessed at 1 month after the ad-
ministration of the first cycle of chemotherapy and then
every 3 months during follow-up (clinical and using im-
aging). The rate of emergency surgery related to the rec-
tal cancer will be assessed in the chemotherapy control
arm (arm B).
For all patients, follow-up assessment will be performed

until progression and/or death. For the purposes of the
study, overall survival and progression-free survival will be
assessed at 2 years. For patients included in the present
trial, the follow-up will be systematic and performed
throughout the two-year period according to good clinical
practice.
Every 3 months during the 2 years, the following investi-

gations will be performed: clinical assessment (performance
status); tumor assessment by CT-scan with contrast en-
hancement or MRI if CT scan is impossible (kidney failure,
allergy to iodine) or insufficient to characterize lesions; CEA
measurement (CA19-9 optional); survival status; additional
cancer therapy; assessments of chemotherapy toxicities and
quality of life (EORTC QLQ-C30, QLQ-CR29).
Sample size and statistical considerations
According to the three retrospective analyses from ran-
domized studies (FFCD 6901, CAIRO and CAIRO II), a
15% improvement in overall survival at 2 years is expected
in the surgical group. Taking the worst-case hypothesis
(i.e. high survival in the control arm = 25%) and in order
to obtain 80% power with a two-side alpha level of 5%,
with a follow-up period of 2 years, 138 patients are re-
quired per arm. To allow for potential drop-outs, 145 pa-
tients will be included per arm. A total of 290 patients will
be included. Each patient will participate and be followed
up for 2 years from their randomization date. The recruit-
ment period is planned for 36 months, in 25 centres. The
total duration of the study will be 5 years.
Ethical considerations, information giving and written
informed consent
The study protocol was approved by the Institutional
Review Board: the Sud Est IV ethics committee on the
September 23rd, 2014 and by the French National Agency
for Medicine and Health Products Safety (ANSM) on the
June 3rd, 2014. The Ethical approval was given for all par-
ticipating centres. The research carried out will be on ac-
cordance with the Helsinki Declaration and ICH GCP
Guidelines. The study complies with the principles of the
Data Protection Act. This study is supported by a grant
from the French ministry of health (PHRC-K13-069). The
study has been registered on the ClinicalTrial.gov website
under the identification number NCT02314182.
For each patient recruited into the study, written in-

formed consent is essential prior to inclusion into the
study after extensive information about the intent of the
study, the study regimen, potential associated risks and
side effects as well as potential alternative therapies. The
investigator will not undertake any diagnostic measures
specifically required for the clinical trial until valid con-
sent has been obtained.

Discussion
Exclusive systemic chemotherapy is most often used to
treat patient with rectal cancer and unresectable metasta-
sis. During this treatment, patients may require emergency
surgery to treat complications related to the primary (ob-
struction, bleeding or perforation). Such unplanned opera-
tions are associated with higher operative morbidity and
mortality to scheduled procedures for stage IV disease.
Many surgeons have advocated resection of the primary
mainly to avoid these complications however this surgery
may delay the start of chemotherapy. Some studies re-
ported that resection of the primary in case of unresect-
able metastatic disease prolonged survival. These studies
were non-randomized and the majority were single-
centre and retrospective. The major drawback of these
non-randomized studies was that the patients selected
for surgery were those with a better performance status
and better prognosis. Furthermore, the impact of pri-
mary tumor resection on quality of life has not been
assessed. All published studies included colon and rec-
tal cancers, but the issues are different for these two lo-
calizations. Surgery for rectal cancer seems more complex
and may result in increased morbidity and postoperative
functional disorders (stoma, digestive, sexual, urinary)
compared to colonic surgery. On the other hand, symp-
toms related to the progression of rectal tumor are often
severely disabling (pain, rectal syndrome) and difficult to
control. There is currently a French multicentre study un-
derway named CLIMAT- PRODIGE 30 (Pr M. Karoui,
Paris, Pitié-Sapétrière Hospital) studying this specific
problem of palliative resection in colon cancer (rectal
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cancers are excluded). Whether or not resection of the
primary tumor in palliative care is beneficial remains
a clinical dilemma. To date, no randomized trial has
assessed the impact of primary tumor resection on overall
survival and quality of life in patients with CRC and unre-
sectable metastases. GRECCAR 8 is a dedicated prospect-
ive randomized study looking into the specific problem of
rectal cancer to evaluate the impact of primary tumor
resection in rectal cancer with unresectable metastases.

Abbreviations
CRC: colorectal cancer; 5-FU: 5-fluoro-uracil; GRECCAR: French Research Group
of Rectal Cancer Surgery; FRENCH: French Federation of Surgical Research;
MDT: Multidisciplinary team; EGFR: Epidermal growth factor receptor; HAS: High
authority for health; EORTC: European Organisation for Research and Treatment
of Cancer; CT: Computed tomography; MRI: Magnetic resonance imaging;
CEA: Carcinoembryogenic antigen; CA19-9: Carbohydrate antigen 19–9;
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDH: Lactate
deshydrogenase; APTT: Activated partial thromboplastin time; PT: Prothrombin
time; INR: International normalized ratio; NCI-CTC-AE: National Cancer Institute
Common Toxicity Criteria for Adverse Events; RECIST: Response evaluation
criteria in solid tumors; PET: Positron emission tomography; ANSM: French
National Agency for Medicine and Health Products Safety.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
EC and LV have been involved in drafting the manuscript; EC, LV, GP, GB,
SBD, YF and OG have been involved in the study conception and design,
revising the manuscript and have given final approval of the version
published.

Authors’ information
EC is the study coordinator, obtained the grant and is responsible for the
present paper.

Acknowledgements
The authors thank the funding source the PHRC from the French National
Cancer Institute (INCa).

Participating centres
1. Pr Eddy Cotte, Centre Hospitalier Lyon-Sud, Pierre-Bénite, eddy.cotte@chu-lyon.fr
2. Pr Eric Rullier, Hopital Saint André, Bordeaux, eric.rullier@chu-bordeaux.fr
3. Pr Philippe Rouanet, Institut du Cancer de Montpellier, Montpellier,
philippe.rouanet@icm.unicancer.fr
4. Pr Yves Panis, Hopital Beaujon, Clichy, yves.panis@bjn.aphp.fr
5. Pr Jean-Jacques Tuech, CHU Rouen, jean-jacques.tuech@chu-rouen.fr
6. Dr Cécile De Chaisemartin, Institut Paoli-Calmettes, Marseille, dechaisemartin@ipc.
unicancer.fr
7. Pr Igor Sielezneff, Hopital la Timône, Marseille, igor.sielezneff@ap-hm.fr
8. Dr Sylvain Kirzin, CHU Toulouse, Kirzin.s@chu-toulouse.fr
9. Pr Jean-luc Faucheron, Hopital A. Michallon, Grenoble, JLFaucheron@chu-
grenoble.fr
10. Pr Denis Pezet, CHU Clermont-Ferrand, dpezet@chu-clermontferrand.fr
11. Pr Christophe Mariette, CHRU Lille, christophe.mariette@chru-lille.fr
12. Pr Jean-Marc Regimbeau, CHU Amiens, regimbeau.jean-marc@chu-amiens.fr
13. Pr Michel Rivoire, Centre Léon Bérard, Lyon, michel.rivoire@lyon.
unicancer.fr
14. Dr Jéremie Lefevre, Hopital Saint Antoine, Paris, jeremie.lefevre@sat.aphp.fr
15. Pr Bernard Meunier, CHU Rennes, Bernard.meunier@chu-rennes.fr
16. Dr Gaël Deplanque, Hopital Saint Joseph, Paris, gdeplanque@hpsj.fr
17. Pr Jack Porcheron, CHU St Etienne, jack.porcheron@chu-st-etienne.fr
18. Pr Pablo Ortega-Deballon, CHU Dijon, Pablo.ortega-deballon@chu-dijon.fr
19. Pr Marc Pocard, Hopital Lariboisière, Paris, marc.pocard@lrb.aphp.fr
20. Dr Jean-Marc Bereder, CHU Nice, bereder.jm@chu-nice.fr
21. Dr Bernard Baranger, Institut Curie, Paris, Bernard.baranger@curie.net
22. Pr Serge Evrard, Institut Bergonié, Bordeaux, s.evrard@bordeaux-unicancer.fr
23. Pr Jacques Paineau, Institut de Cancérologie de l’Ouest, Nantes, jacques.
paineau@ico.unicancer.fr
24. Pr Reza Kianmanesh, CHU Reims, rkianmanesh@chu-reims.fr
25. Dr David Tougeron, CHU Poitiers, david.tougeron@chu-poitiers.fr

Author details
1Department of Digestive Surgery, Hospices Civils de Lyon, Centre Hospitalier
Lyon-Sud, Pierre-Bénite, France. 2Université Lyon 1, EMR 3738, Lyon-Sud/
Charles Mérieux Medical University, Oullins, France. 3Hospices Civils de Lyon,
Unité de Recherche Clinique, Pôle IMER, Lyon, France. 4Department of
Gastroenterology, Hospices Civils de Lyon, Centre Hospitalier Lyon-Sud,
Pierre-Bénite, France.

Received: 12 December 2014 Accepted: 29 January 2015

References
1. Belot A, Grosclaude P, Bossard N, Jougla E, Benhamou E, Delafosse P, et al.

Cancer incidence and mortality in France over the period 1980–2005.
Rev Epidemiol Sante Publique. 2008;56(3):159–75.

2. Verberne CJ, de Bock GH, Pijl ME, Baas PC, Siesling S, Wiggers T. Palliative
resection of the primary tumour in stage IV rectal cancer. Colorectal Dis.
2012;14(3):314–9.

3. Golfinopoulos V, Salanti G, Pavlidis N, Ioannidis JP. Survival and disease-
progression benefits with treatment regimens for advanced colorectal
cancer: a meta-analysis. Lancet Oncol. 2007;8(10):898–911.

4. Tol J, Koopman M, Cats A, Rodenburg CJ, Creemers GJ, Schrama JG, et al.
Chemotherapy, bevacizumab, and cetuximab in metastatic colorectal
cancer. N Engl J Med. 2009;360(6):563–72.

5. Tournigand C, Andre T, Achille E, Lledo G, Flesh M, Mery-Mignard D, et al.
FOLFIRI followed by FOLFOX6 or the reverse sequence in advanced colorectal
cancer: a randomized GERCOR study. J Clin Oncol. 2004;22(2):229–37.

6. Van Cutsem E, Kohne CH, Hitre E, Zaluski J, Chang Chien CR, Makhson A,
et al. Cetuximab and chemotherapy as initial treatment for metastatic
colorectal cancer. N Engl J Med. 2009;360(14):1408–17.

7. Van Cutsem E, Rivera F, Berry S, Kretzschmar A, Michael M, DiBartolomeo M,
et al. Safety and efficacy of first-line bevacizumab with FOLFOX, XELOX,
FOLFIRI and fluoropyrimidines in metastatic colorectal cancer: the BEAT
study. Ann Oncol. 2009;20(11):1842–7.

8. Zampino MG, Magni E, Massacesi C, Zaniboni A, Martignetti A, Zorzino L,
et al. First clinical experience of orally active epidermal growth factor
receptor inhibitor combined with simplified FOLFOX6 as first-line treatment
for metastatic colorectal cancer. Cancer. 2007;110(4):752–8.

9. Scoggins CR, Meszoely IM, Blanke CD, Beauchamp RD, Leach SD.
Nonoperative management of primary colorectal cancer in patients with
stage IV disease. Ann Surg Oncol. 1999;6(7):651–7.

10. Ruo L, Gougoutas C, Paty PB, Guillem JG, Cohen AM, Wong WD. Elective
bowel resection for incurable stage IV colorectal cancer: prognostic
variables for asymptomatic patients. J Am Coll Surg. 2003;196(5):722–8.

11. Tebbutt NC, Norman AR, Cunningham D, Hill ME, Tait D, Oates J, et al.
Intestinal complications after chemotherapy for patients with unresected
primary colorectal cancer and synchronous metastases. Gut. 2003;52(4):568–73.

12. Michel P, Roque I, Di Fiore F, Langlois S, Scotte M, Teniere P, et al.
Colorectal cancer with non-resectable synchronous metastases: should the
primary tumor be resected? Gastroenterol Clin Biol. 2004;28(5):434–7.

13. Mik M, Dziki L, Galbfach P, Trzcinski R, Sygut A, Dziki A. Resection of the
primary tumour or other palliative procedures in incurable stage IV
colorectal cancer patients? Colorectal Dis. 2010;12(7 Online):e61–7.

14. Law WL, Chan WF, Lee YM, Chu KW. Non-curative surgery for colorectal cancer:
critical appraisal of outcomes. Int J Colorectal Dis. 2004;19(3):197–202.

15. Bajwa A, Blunt N, Vyas S, Suliman I, Bridgewater J, Hochhauser D, et al.
Primary tumour resection and survival in the palliative management of
metastatic colorectal cancer. Eur J Surg Oncol. 2009;35(2):164–7.

16. Benoist S, Pautrat K, Mitry E, Rougier P, Penna C, Nordlinger B. Treatment
strategy for patients with colorectal cancer and synchronous irresectable
liver metastases. Br J Surg. 2005;92(9):1155–60.

17. Stelzner S, Hellmich G, Koch R, Ludwig K. Factors predicting survival in stage
IV colorectal carcinoma patients after palliative treatment: a multivariate
analysis. J Surg Oncol. 2005;89(4):211–7.

18. Karoui M, Roudot-Thoraval F, Mesli F, Mitry E, Aparicio T, Des Guetz G, et al.
Primary colectomy in patients with stage IV colon cancer and unresectable



Cotte et al. BMC Cancer  (2015) 15:47 Page 9 of 10
distant metastases improves overall survival: results of a multicentric study.
Dis Colon Rectum. 2011;54(8):930–8.

19. Kaufman MS, Radhakrishnan N, Roy R, Gecelter G, Tsang J, Thomas A, et al.
Influence of palliative surgical resection on overall survival in patients with
advanced colorectal cancer: a retrospective single institutional study.
Colorectal Dis. 2008;10(5):498–502.

20. Konyalian VR, Rosing DK, Haukoos JS, Dixon MR, Sinow R, Bhaheetharan S,
et al. The role of primary tumour resection in patients with stage IV
colorectal cancer. Colorectal Dis. 2007;9(5):430–7.

21. Chan TW, Brown C, Ho CC, Gill S. Primary tumor resection in patients
presenting with metastatic colorectal cancer: analysis of a provincial
population-based cohort. Am J Clin Oncol. 2010;33(1):52–5.

22. Costi R, Mazzeo A, Di Mauro D, Veronesi L, Sansebastiano G, Violi V, et al.
Palliative resection of colorectal cancer: does it prolong survival? Ann Surg
Oncol. 2007;14(9):2567–76.

23. Yun HR, Lee WY, Lee WS, Cho YB, Yun SH, Chun HK. The prognostic factors
of stage IV colorectal cancer and assessment of proper treatment according
to the patient’s status. Int J Colorectal Dis. 2007;22(11):1301–10.

24. Galizia G, Lieto E, Orditura M, Castellano P, Imperatore V, Pinto M, et al.
First-line chemotherapy vs bowel tumor resection plus chemotherapy for
patients with unresectable synchronous colorectal hepatic metastases.
Arch Surg. 2008;143(4):352–8. discussion 358.

25. Evans MD, Escofet X, Karandikar SS, Stamatakis JD. Outcomes of resection
and non-resection strategies in management of patients with advanced
colorectal cancer. World J Surg Oncol. 2009;7:28.

26. Frago R, Kreisler E, Biondo S, Salazar R, Dominguez J, Escalante E. Outcomes
in the management of obstructive unresectable stage IV colorectal cancer.
Eur J Surg Oncol. 2010;36(12):1187–94.

27. Aslam MI, Kelkar A, Sharpe D, Jameson JS. Ten years experience of
managing the primary tumours in patients with stage IV colorectal cancers.
Int J Surg. 2010;8(4):305–13.

28. Venderbosch S, de Wilt JH, Teerenstra S, Loosveld OJ, van Bochove A,
Sinnige HA, et al. Prognostic value of resection of primary tumor in
patients with stage IV colorectal cancer: retrospective analysis of two
randomized studies and a review of the literature. Ann Surg Oncol.
2011;18(12):3252–60.

29. Ferrand F, Malka D, Bourredjem A, Allonier C, Bouche O, Louafi S, et al.
Impact of primary tumour resection on survival of patients with colorectal
cancer and synchronous metastases treated by chemotherapy: results from
the multicenter, randomised trial Federation Francophone de Cancerologie
Digestive 9601. Eur J Cancer. 2013;49(1):90–7.

30. Stillwell AP, Buettner PG, Ho YH. Meta-analysis of survival of patients with
stage IV colorectal cancer managed with surgical resection versus chemo-
therapy alone. World J Surg. 2010;34(4):797–807.

31. Gresham G, Renouf DJ, Chan M, Kennecke HF, Lim HJ, Brown C, et al.
Association between palliative resection of the primary tumor and overall
survival in a population-based cohort of metastatic colorectal cancer
patients. Ann Surg Oncol. 2014;21(12):3917–23.

32. Ishihara S, Hayama T, Yamada H, Nozawa K, Matsuda K, Miyata H, et al.
Prognostic impact of primary tumor resection and lymph node dissection
in stage IV colorectal cancer with unresectable metastasis: a propensity
score analysis in a multicenter retrospective study. Ann Surg Oncol.
2014;21(9):2949–55.

33. Legendre H, Vanhuyse F, Caroli-Bosc FX, Pector JC. Survival and quality of
life after palliative surgery for neoplastic gastrointestinal obstruction.
Eur J Surg Oncol. 2001;27(4):364–7.

34. Longo WE, Virgo KS, Johnson FE, Oprian CA, Vernava AM, Wade TP, et al.
Risk factors for morbidity and mortality after colectomy for colon cancer.
Dis Colon Rectum. 2000;43(1):83–91.

35. Makela J, Haukipuro K, Laitinen S, Kairaluoma MI. Palliative operations for
colorectal cancer. Dis Colon Rectum. 1990;33(10):846–50.

36. Costi R, Di Mauro D, Veronesi L, Ardizzoni A, Salcuni P, Roncoroni L, et al.
Elective palliative resection of incurable stage IV colorectal cancer: who
really benefits from it? Surg Today. 2011;41(2):222–9.

37. Kleespies A, Fuessl KE, Seeliger H, Eichhorn ME, Muller MH, Rentsch M, et al.
Determinants of morbidity and survival after elective non-curative
resection of stage IV colon and rectal cancer. Int J Colorectal Dis.
2009;24(9):1097–109.

38. Rosen SA, Buell JF, Yoshida A, Kazsuba S, Hurst R, Michelassi F, et al. Initial
presentation with stage IV colorectal cancer: how aggressive should we be?
Arch Surg. 2000;135(5):530–4. discussion 534–535.
39. Stillwell AP, Buettner PG, Siu SK, Stitz RW, Stevenson AR, Ho YH. Predictors of
postoperative mortality, morbidity, and long-term survival after palliative resection
in patients with colorectal cancer. Dis Colon Rectum. 2011;54(5):535–44.

40. Vibert E, Bretagnol F, Alves A, Pocard M, Valleur P, Panis Y. Multivariate
analysis of predictive factors for early postoperative death after colorectal
surgery in patients with colorectal cancer and synchronous unresectable
liver metastases. Dis Colon Rectum. 2007;50(11):1776–82.

41. Yamamura T, Tsukikawa S, Akaishi O, Tanaka K, Matsuoka H, Hanai A, et al.
Multivariate analysis of the prognostic factors of patients with unresectable
synchronous liver metastases from colorectal cancer. Dis Colon Rectum.
1997;40(12):1425–9.

42. Karoui M, Soprani A, Charachon A, Delbaldo C, Vigano L, Luciani A, et al.
Primary chemotherapy with or without colonic stent for management of
irresectable stage IV colorectal cancer. Eur J Surg Oncol. 2010;36(1):58–64.

43. Sarela AI, Guthrie JA, Seymour MT, Ride E, Guillou PJ, O’Riordain DS.
Non-operative management of the primary tumour in patients with
incurable stage IV colorectal cancer. Br J Surg. 2001;88(10):1352–6.

44. Goldberg RM, Sargent DJ, Morton RF, Fuchs CS, Ramanathan RK, Williamson
SK, et al. A randomized controlled trial of fluorouracil plus leucovorin,
irinotecan, and oxaliplatin combinations in patients with previously
untreated metastatic colorectal cancer. J Clin Oncol. 2004;22(1):23–30.

45. Emmanouilides C, Sfakiotaki G, Androulakis N, Kalbakis K, Christophylakis C,
Kalykaki A, et al. Front-line bevacizumab in combination with oxaliplatin,
leucovorin and 5-fluorouracil (FOLFOX) in patients with metastatic colorectal
cancer: a multicenter phase II study. BMC Cancer. 2007;7:91.

46. Ychou M, Viret F, Kramar A, Desseigne F, Mitry E, Guimbaud R, et al. Tritherapy
with fluorouracil/leucovorin, irinotecan and oxaliplatin (FOLFIRINOX): a phase II
study in colorectal cancer patients with non-resectable liver metastases. Cancer
Chemother Pharmacol. 2008;62(2):195–201.

47. Muratore A, Zorzi D, Bouzari H, Amisano M, Massucco P, Sperti E, et al.
Asymptomatic colorectal cancer with un-resectable liver metastases: immediate
colorectal resection or up-front systemic chemotherapy? Ann Surg Oncol.
2007;14(2):766–70.

48. Poultsides GA, Servais EL, Saltz LB, Patil S, Kemeny NE, Guillem JG, et al.
Outcome of primary tumor in patients with synchronous stage IV colorectal
cancer receiving combination chemotherapy without surgery as initial
treatment. J Clin Oncol. 2009;27(20):3379–84.

49. Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM, Rougier P, et al.
Perioperative chemotherapy with FOLFOX4 and surgery versus surgery alone
for resectable liver metastases from colorectal cancer (EORTC Intergroup trial
40983): a randomised controlled trial. Lancet. 2008;371(9617):1007–16.

50. Eisenberger A, Whelan RL, Neugut AI. Survival and symptomatic benefit
from palliative primary tumor resection in patients with metastatic
colorectal cancer: a review. Int J Colorectal Dis. 2008;23(6):559–68.

51. Giantonio BJ, Catalano PJ, Meropol NJ, O’Dwyer PJ, Mitchell EP, Alberts SR,
et al. Bevacizumab in combination with oxaliplatin, fluorouracil, and
leucovorin (FOLFOX4) for previously treated metastatic colorectal cancer:
results from the Eastern Cooperative Oncology Group Study E3200. J Clin
Oncol. 2007;25(12):1539–44.

52. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim W,
et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for
metastatic colorectal cancer. N Engl J Med. 2004;350(23):2335–42.

53. Ghiringhelli F, Bichard D, Limat S, Lorgis V, Vincent J, Borg C, et al.
Bevacizumab efficacy in metastatic colorectal cancer is dependent on
primary tumor resection. Ann Surg Oncol. 2014;21(5):1632–40.

54. Vigano L, Capussotti L, Barroso E, Nuzzo G, Laurent C, Ijzermans JN, et al.
Progression while receiving preoperative chemotherapy should not be an
absolute contraindication to liver resection for colorectal metastases. Ann
Surg Oncol. 2012;19(9):2786–96.

55. Adam R, Pascal G, Castaing D, Azoulay D, Delvart V, Paule B, et al. Tumor
progression while on chemotherapy: a contraindication to liver resection for
multiple colorectal metastases? Ann Surg. 2004;240(6):1052–61. discussion
1061–1054.

56. Allen PJ, Kemeny N, Jarnagin W, DeMatteo R, Blumgart L, Fong Y.
Importance of response to neoadjuvant chemotherapy in patients
undergoing resection of synchronous colorectal liver metastases. J
Gastrointest Surg. 2003;7(1):109–15. discussion 116–107.

57. Gruenberger B, Tamandl D, Schueller J, Scheithauer W, Zielinski C, Herbst F,
et al. Bevacizumab, capecitabine, and oxaliplatin as neoadjuvant therapy for
patients with potentially curable metastatic colorectal cancer. J Clin Oncol.
2008;26(11):1830–5.



Cotte et al. BMC Cancer  (2015) 15:47 Page 10 of 10
58. Stelzner S, Hellmich G, Jackisch T, Ludwig K, Witzigmann H. Selective
surgical treatment of patients with rectal carcinoma and unresectable
synchronous metastases based on response to preoperative chemotherapy.
J Gastrointest Surg. 2008;12(7):1246–50.

59. Dindo D, Demartines N, Clavien PA. Classification of surgical complications:
a new proposal with evaluation in a cohort of 6336 patients and results of a
survey. Ann Surg. 2004;240(2):205–13.

60. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New response evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer. 2009;45(2):228–47.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods/Design
	Trial registration

	Background
	Impact on survival of primary tumor resection in patients with CRC and unresectable metastases
	Impact on quality of life of primary tumor resection in patients with CRC and unresectable metastases
	Complications related to unresected primary tumors
	Management of chemotherapy in the presence of the primary tumor
	Morbidity of primary tumor resection in the setting of unresectable metastasis
	Patient selection for primary tumor resection

	Methods/Design
	Protocol overview
	Participants
	Randomization
	Treatments
	Chemotherapy
	Surgical resection
	Radiotherapy

	Outcomes and assessments
	Primary outcome
	Secondary outcomes
	Pre-therapeutic work-up
	Follow-up

	Sample size and statistical considerations
	Ethical considerations, information giving and written informed consent

	Discussion
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Participating centres
	Author details
	References

