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Abstract
Oesophageal junctional adenocarcinoma is a challeng-
ing and increasingly common disease. Optimisation of 
pre-operative staging and consolidation of surgery in 
large volume centres have improved outcomes, howev-
er the preferred adjunctive treatment approach remains 
a matter of debate. This review examines the benefits 
of neoadjuvant, peri-operative, and post-operative che-
motherapy and chemoradiotherapy in this setting in an 
attempt to reach an evidence based conclusion. Recent 
findings relating to the molecular characterisation of 
oesophagogastric cancer and their impact on therapeu-
tics are explored, in addition to the potential benefits 
of fluoro-deoxyglucose positron emission tomography 
(FDG-PET) directed therapy. Finally, efforts to decrease 
the incidence of junctional adenocarcinoma using early 
intervention in Barrett’s oesophagus are discussed, 
including the roles of screening, endoscopic mucosal 
resection, ablative therapies and chemoprevention.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Oesophageal adenocarcinoma; Junctional 
adenocarcinoma; Gastric adenocarcinoma; Peri-opera-
tive chemotherapy; Pre-operative chemoradiotherapy; 
Molecular profiling; Fluoro-deoxyglucose-positron emis-

sion tomography; Barrett’s oesophagus; Chemopreven-
tion 

Core tip: Cancer of the gastro-oesophageal junction 
is an increasingly common phenomenon. For patients 
with operable junctional cancer, the only curative treat-
ment option is surgery, however the optimal peri-opera-
tive treatment is controversial. We review the evidence 
supporting the use of chemotherapy and chemoradio-
therapy in the pre- and postoperative settings for these 
patients, and go on to highlight how current research 
into the molecular mechanisms underpinning gastro-
oesophageal cancer may lead to future effective treat-
ment options. 

Smyth EC, Cunningham D. Operable gastro-oesophageal junc-
tional adenocarcinoma: Where to next? World J Gastrointest 
Oncol 2014; 6(6): 145-155  Available from: URL: http://www.
wjgnet.com/1948-5204/full/v6/i6/145.htm  DOI: http://dx.doi.
org/10.4251/wjgo.v6.i6.145

INTRODUCTION
Adenocarcinoma of  the oesophagogastric junction 
presents an increasingly common dilemma in many af-
fluent countries, and the optimal treatment approach 
for patients with resectable disease is a matter of  some 
controversy[1]. In addition to surgery for their cancer, and 
depending on geographical location and physician prefer-
ence patients may undergo neoadjuvant, peri-operative, 
or post-operative chemotherapy, or pre- or post-operative 
chemoradiotherapy[2-4]. Unfortunately, despite improve-
ments in staging and patient selection, long term survival 
following resection remains relatively poor and further 
refinement of  treatment paradigms and novel therapeutic 
interventions are required. This aim of  this review is to 
assess the current status of  our knowledge on tumours 
of  the gastroesophageal junction with respect to tumour 
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biology and therapy and to examine how developments 
in targeted therapy, radiotherapy, screening, and chemo-
prevention may improve outcomes for patients with this 
disease. 

PERI-OPERATIVE CHEMOTHERAPY
In Western populations, many patients presenting with 
junctional adenocarcinoma have relatively locally ad-
vanced disease at presentation, and whilst there may be 
debate regarding the optimal treatment approach, there is 
agreement that something more than surgery is required 
to increase survival (Table 1). In Europe and selected 
United States academic centres, peri-operative chemo-
therapy is the treatment of  choice for these patients. This 
choice is based on the United Kingdom MRC MAGIC 
trial, which treated over 500 patients with stomach, junc-
tional or oesophageal tumours to either surgery alone or 
surgery plus peri-operative chemotherapy with epirubi-

cin, cisplatin and 5-fluorouracil (5-FU)[5]. Peri-operative 
chemotherapy led to a 37% reduction in the risk of  
progression following surgical resection and improved 5 
year survival from 23% in the surgery alone arm to 36% 
in those treated with chemotherapy (HR = 0.75, 95%CI: 
0.60-0.93; P = 0.009). In MAGIC one quarter of  patients 
had tumours of  the gastroesophageal junction (GEJ) or 
lower oesophagus and subgroup analysis demonstrates 
that the greatest benefit was seen in patients with junc-
tional tumours. These results are supported by the results 
of  the randomised phase Ⅲ FNCLCC/FFCD French 
study in which 224 patients were randomised to surgery 
alone or peri-operative cisplatin and 5-fluorouracil che-
motherapy[6]. The results from this study (in which 75% 
of  patients had junctional tumours) are remarkably simi-
lar to those seen in MAGIC, with an improvement in 5 
year overall survival from 24% to 38% (HR = 0.69, P = 
0.02) for the interventional arm. 

The aim of  peri-operative chemotherapy is two-fold; 
firstly to downstage the primary tumour with a view to 
obtaining an R0 resection, and secondly to treat occult 
micro-metastatic disease. The neoadjuvant component 
of  both MAGIC and the French study improved cura-
tive resection rates for patients in both these trials, in 
MAGIC 79.3% of  chemotherapy patients were curatively 
resected compared to 70.3% in the surgery alone arm 
(P = 0.03), these figures are 84% and 73% respectively 
for the FFCD trial (P = 0.04). That subclinical micro-
metastases are eliminated is demonstrated by the almost 
uniform 35%-37% reduction in disease recurrence which 
seen across the two studies. 

NEO-ADJUVANT CHEMOTHERAPY 
ALONE: IS IT ENOUGH?
Interestingly, a neo-adjuvant chemotherapy alone ap-
proach (with no post-operative component) does not 
appear to provide the same benefit to patients with 
oesophagogastric cancer. In the MRC OE02 study 802 
patients with primarily oesophageal cancer (two thirds 
adenocarcinoma) were randomised to surgery alone or 2 
cycles of  cisplatin and 5-FU prior to surgery[7,8]. Although 
this study did demonstrate a survival benefit for patients 
treated with chemotherapy regardless of  histology (5 
year survival 23% vs 17%, P = 0.03), these results are not 
consistent with the results of  the RTOG 8911 trial (n 
= 467) in which no difference was seen in the survival 
outcomes for a similar group patients treated with pre-
operative chemotherapy[9]. Consistent with the negative 
results of  the RTOG 8911 study are those of  the smaller 
EORTC 40954 trial (n = 144, of  whom half  were junc-
tional tumours). This study demonstrated an increase in 
the R0 resection rate following pre-operative cisplatin 
and 5-FU chemotherapy, but no improvement in overall 
survival[10]. These somewhat heterogeneous results have 
been combined in a meta-analysis which did demonstrate 
an improvement in survival for the neoadjuvant chemo-
therapy approach (HR = 0.90 for neoadjuvant chemo-
therapy, 95%CI: 0.81-1.00, P = 0.05)[11]. The benefit seen 
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  Trial Year % Junctional 
adenocarcinoma 

or lower 
oesophageal 

tumours

n Treatment Survival
(%)

  Peri-operative chemotherapy
     MAGIC[5] 2006 Adenocarcinoma 

100% 
503 Surgery 23.00

Lower 
oesophageal/GEJ 

26%

Peri-operative 
chemotherapy

36.30
(5-year-OS)

      FNCLCC-
      FFCD[6]

2011 Adenocarcinoma 
100%

224 Surgery 24

Lower 
oesophagus 11%, 

GEJ 64%

Peri-operative 
chemotherapy

38
(5-year-OS)

      OEO2[7,8] 2009 Adenocarcinoma 
66.5%

802 Surgery 17.10

Lower 1/3 and 
cardia 75%

Neoadjuvant 
chemotherapy

23.00
(5-year-OS)

  Pre-operative chemoradiotherapy 
      Stahl[13] 2009 Adenocarcinoma 

100%
126 Neoadjuvant 

chemotherapy
27.70

GEJ 100% Neoadjuvant 
chemoradiotherapy

47.40
(3-year-OS)

      Tepper[14] 2009 Adenocarcinoma 
75%

56 Surgery 1.79y

Distal 
oesophagus/GEJ 

100%

Neoadjuvant 
chemoradiotherapy

4.48y
(median OS)

      CROSS[15] 2012 Adenocarcinoma 
74% 

366 Surgery 44

Distal 1/3 
oesophagus 57, 

GEJ 24%

Neoadjuvant 
chemoradiotherapy

58
(3-year-OS)

  Post-operative chemoradiotherapy
    INT-0116[16] 2001 Adenocarcinoma 

100%
556 Surgery 41

Cardia 20% Adjuvant 
chemoradiotherapy

50
(3-year-OS)

Table 1  Selected trials of peri-operative therapy for 
junctional oesophageal adenocarcinoma

DFS: Disease free survival; GEJ: Gastroesophageal junction; OS: Overall 
survival; SCC: Squamous cell carcinoma.



appears to be due to the adenocarcinoma population 
(HR = 0.78, P = 0.014) as no significant difference was 
seen in the squamous cell carcinoma analysis. Therefore, 
although neoadjuvant chemotherapy alone for junctional 
tumours is not as clearly advantageous as treatment given 
both pre- and post-operatively, it is a reasonable choice if  
patients cannot tolerate post-operative chemotherapy. 

NEOADJUVANT CHEMORADIOTHERAPY: 
DOES MAXIMISING LOCAL CONTROL 
LEAD TO IMPROVED SURVIVAL?
Response rates to radiotherapy are high, and if  tumour 
downstaging in order to improve operative outcomes is 
the aim of  therapy then radiotherapy has clearly defined 
benefits. However, if  long term survival is the goal of  
treatment, many studies in junctional adenocarcinoma 
provide conflicting results. Analysis of  the results of  
these studies must be careful, with consideration given 
to the external validity or generalizability of  the data 
presented. Many trials present results based on both 
squamous cell carcinoma and adenocarcinoma patients 
between whom there are clear biological differences. 
Squamous cell carcinoma is exquisitely radiosensitive and 
may not require surgical resection if  a pathological com-
plete response is obtained following chemoradiotherapy. 
Adenocarcinoma is less likely to demonstrate such a 
response and will always require surgery in order to maxi-
mise the chance of  long term survival. As such, caution 
must be used when extrapolating results from clinical tri-
als as whole to biologically distinct patient groups. 

Older studies of  chemoradiotherapy for junctional 
cancers demonstrate mixed results. One of  the first trials 
of  neo-adjuvant cisplatin/5-FU based chemoradiother-
apy for junctional type adenocarcinoma demonstrated a 
significant increase in survival for patients treated with 
combined modality therapy compared to those treated 
with surgery alone (16 m vs 11 m, P = 0.01)[12]. However, 
interpretation of  these results should be made with care 
as this trial was small (n = 58), patients underwent lim-
ited staging by current standards (CXR and abdominal 
ultrasound only), and survival was poor in the control 
arm of  the study. Following this two other small studies 
also demonstrated a benefit to this combined modality 
approach; the POET study randomised 126 patients with 
junctional adenocarcinoma to pre-operative chemother-
apy and surgery or to induction chemotherapy followed 
by chemoradiotherapy and then surgery[13]. Survival was 
numerically improved by the addition of  chemoradio-
therapy (3 year survival 47% vs 28%, P = 0.07), but the 
study was underpowered due to low accrual and this did 
not reach statistical significance. CALGB 9781 (75% ad-
enocarcinoma) also utilized a tri-modality approach in its 
experimental arm and demonstrated statistically superior 
survival for chemoradiotherapy when compared to sur-
gery alone [Overall survival (OS) 4.5 years vs 1.8 years, P 
= 0.002], however the small number of  patients in this 
trial (n = 56) and the lack of  histological subgroup analy-

sis limit interpretation of  these interesting results[14]. 
The publication of  the phase Ⅲ randomised CROSS 

trial which compared chemoradiotherapy (weekly carbo-
platin and paclitaxel with 41.4 Gy radiotherapy in 23 frac-
tions over 5 wk) to surgery alone have lead to a paradigm 
shift in the treatment of  junctional cancers in many insti-
tutions[15]. Three hundred and sixty six patients with oe-
sophageal cancer (75% adenocarcinoma, 23% squamous 
cell carcinoma, 2% undifferentiated) were randomised, of  
whom the majority had tumours of  the distal oesophagus 
(58%) or gastroesophageal junction (24%). Overall sur-
vival results for chemoradiotherapy in CROSS are com-
pelling; survival was 24 mo for surgery alone compared 
to 49 mo for chemoradiotherapy (HR = 0.67, P = 0.003). 
However, several caveats apply. Firstly, the control arm 
in CROSS was surgery alone and the benefits of  chemo-
radiotherapy compared to a contemporary control such 
as neoadjuvant chemotherapy are unknown. Secondly, in 
the adjusted survival analysis, the benefit of  combination 
therapy is not significant for adenocarcinoma patients (P 
= 0.07), providing evidence that the overall results for the 
study were driven by the radiosensitivity of  the squamous 
cell carcinoma patient population. 

Chemoradiotherapy provides a clear advantage over 
chemotherapy alone in terms of  pathological complete 
response and local recurrence. In CROSS 29% of  pa-
tients overall demonstrated a complete response, however 
this was much more common in squamous cell cancers 
(49%) than in adenocarcinoma (23%). It is worth noting 
however, that although pathological complete response 
is an attractive endpoint, it is not necessary in order to 
achieve either tumour downstaging or an R0 resection, 
and that peri-operative chemotherapy alone can help to 
achieve both these endpoints as demonstrated in FN-
CLCC/FFCD and MAGIC[5,6]. Patients with junctional 
adenocarcinoma are also much more likely to harbour sys-
temic micro-metastatic disease, and there is some concern 
that the systemic chemotherapy dose in CROSS is insuf-
ficient to eliminate these. This concern is highlighted by 
the fact that patients in CROSS with N1 or greater staging 
at presentation did not appear to benefit from chemora-
diotherapy in the adjusted survival analysis (P = 0.21), im-
plying that those at high risk of  systemic relapse require a 
higher dose of  systemic therapy in addition to an effective 
local treatment. Ultimately, there is no doubt that chemo-
radiotherapy is an excellent and frequently curative treat-
ment for squamous cell carcinoma, and perhaps for very 
early node negative adenocarcinoma, but for patients with 
more locally advanced disease (who comprise the major-
ity of  patients seen), the evidence is less robust. A clinical 
trial comparing pre-operative chemoradiotherapy to peri-
operative chemotherapy is underway (NCT01726452) and 
may in time give clarification to this important issue. 

POST-OPERATIVE ADJUVANT 
CHEMORADIOTHERAPY 
Post-operative adjuvant chemoradiotherapy is a strategy 
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emission tomography-computed tomography (PET-CT) 
and laparoscopy (in particular for patients with type Ⅲ 
tumours) may prevent futile surgery in up to one fifth 
of  patients[19]. In order to build on these gains, it will 
be necessary to exploit the biology of  the disease with 
changes in treatment approach to targeted drugs and/or 
immunotherapies, strategies which have yielded immense 
returns in other malignancies such as melanoma[20-22]. Al-
though gastroesophageal cancer is currently treated as a 
single disease entity, this designation is based on anatomy, 
not biology and in future treatment paradigms may differ 
according to the underlying dysregulated molecular char-
acteristics rather than the spatial location. From an epide-
miological perspective, lower oesophageal and junctional 
cancers have a distinct set of  risk factors, quite separate 
from distal gastric cancer. Whereas antral cancers are 
endemic in high risk areas, strongly correlated with Helico-
bacter pylori (H. pylori) infection, associated with poor diet 
and high salt intake, proximal cancers do not appear to 
be related to H. pylori, but are associated with obesity and 
chronic reflux oesophagitis[23-26]. Despite these differences, 
junctional and distal tumours both progress through a 
predictable path of  histological changes en route to a Lau-
ren’s intestinal cancer phenotype and display similar bio-
logical behaviours. Ultimately junctional and distal cancers 
are more similar in nature to each other than to diffuse 
gastric cancer, a disease which when non-hereditary has 
no known epidemiological risk factors or precursor le-
sions, and which has a characteristic pattern of  infiltrative 
peritoneal spread[27,28]. 

Molecular characterisation of  gastric cancer has moved 
forward in recent years, with several groups attempting 
to define molecular signatures which may correlate with 
Lauren’s pathological classification, provide information 
on prognosis or predict response to chemotherapy[29,30]. 
To date these approaches remain exploratory and require 
further validation in larger patient cohorts. Genome wide 
sequencing approaches have failed to identify many any 
significant driver mutations in oesophagogastric cancer; 
mutation rates in most well known oncogenes such as 
BRAF, KRAS and PIK3CA are relatively low and there-
fore it is difficult to determine whether they are associated 
with prognosis or response to chemotherapy[31,32]. Inter-
estingly, in one study specifically exploring the genomic 
landscape of  junctional adenocarcinoma almost half  (49%) 
of  recurrently mutated genes were unique to this tumour 
subsite when compared to previously reported mutations 
in gastric cancer[33]. Mutations are more frequent in key 
tumour suppressor genes such as p53 and ARID1A, but 
unfortunately these are currently more difficult to exploit 
therapeutically, although potentially actionable activating 
mutations have also been documented in genes such as 
FGFR4 and HGF[32,33]. Outside the spectrum of  activat-
ing driver mutations, a significant proportion of  gastro-
esophageal cancers demonstrate predominantly mutually 
exclusive amplification of  receptor tyrosine kinases which 
may be targeted successfully with novel agents[34]. Over 
one third of  cancers demonstrate amplification of  one 
of  ERBB2, MET, FGFR, KRAS or EGFR, and while it 

more often adopted for resected gastric cancers in the 
United States[16]. In the landmark INT0116 study 556 
patients were randomised to no treatment following 
surgery or to chemoradiotherapy consisting of  45 Gy 
with fluorouracil and leucovorin on a Mayo-type regimen 
schedule. A recently published 10 year follow up of  this 
study demonstrated a long term survival benefit -50% of  
patients treated with chemoradiotherapy survived for five 
years, compared to 41% who received no further treat-
ment with a 51% reduction in the risk of  recurrence and 
a 32% reduction in the risk of  death attributable to the 
interventional arm[17]. Although the majority (80%) of  
patients in the Intergroup study had true stomach can-
cers, approximately 20% had junctional adenocarcinoma, 
and for patients who have not undergone pre-operative 
treatment, this remains an evidence based treatment op-
tion. Of  significant concern is the fact that most patients 
in this study did not have an adequate surgical resection 
(although this is more significant for gastric patients as 
opposed to oesophageal), and therefore radiotherapy in 
the post operative setting may merely compensate for 
insufficient surgery. A second problem with adjuvant 
chemoradiotherapy relates to tolerability; post-operative 
morbidity associated with gastrectomy is significant, and 
preoperative therapy tends to be much more tolerable 
to patients than post-operative. For example, in MAGIC 
and the FNCLCC/FFCD trials of  peri-operative che-
motherapy more than 85% of  patients completed the 
neoadjuvant component of  therapy, compared to less 
than 50% who complete the post-operative treatment[5,6]. 
Furthermore, as many patients with junctional adenocar-
cinoma have relatively bulky tumours which benefit from 
downstaging withholding therapy until the post-operative 
period may disadvantage the patient if  attempting to 
achieve a curative R0 resection. Finally, although adjuvant 
chemotherapy alone as used in the ACTS-GC and CLAS-
SIC studies provides a well defined survival benefit, these 
trials were almost completely composed of  patients with 
resected gastric cancer, not junctional cancers, and also 
conducted in Asian populations with distinct surgical pat-
terns and pharmacogenomic profiles[4,18]. For these reason, 
we prefer a pre-operative treatment approach for most 
patients with junctional adenocarcinoma if  this is possible. 

STRATEGIES TO IMPROVE OUTCOMES: 
NOVEL TARGETS, IMAGING AND EARLY 
INTERVENTION
Understanding disease biology leads to new targets for 
drug development
Despite the fact that oesophagogastric cancer is most 
prevalent in the affluent West and frequently in patients 
of  higher socioeconomic status, survival remains me-
diocre. Although neoadjuvant or peri-operative therapy 
improves survival by over one third, relapse is com-
mon[5,6,15]. Interval improvement in outcomes have been 
due to stage migration which occurs as a result of  im-
proved staging, routine use of  pre-operative positron 
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appears that these cancers may be more clinically aggres-
sive, they may also potentially benefit from treatment with 
novel targeted drugs[34-36]. 

Trastuzumab, the monoclonal antibody targeting the 
human epidermal growth factor receptor 2 (HER-2) 
receptor tyrosine kinase, was the first targeted therapy 
do demonstrate efficacy in oesophagogastric cancer, 
with an improvement in median overall survival to an 
unprecedented 16 mo for patients with advanced HER2 
immunohistochemistry (IHC)3+ or IHC2+ fluorescence 
in situ hybridisation (FISH) positive tumours treated with 
chemotherapy plus trastuzumab[37]. This compares very 
favourably to median survival for similar patients treated 
with standard chemotherapy regimens which is generally 
less than one year[38,39]. In breast cancer, trastuzumab is 
associated with increased response rates and improved 
surgical outcomes when administered neoadjuvantly, 
and is curative in the adjuvant setting[40,41]. It is therefore 
a matter of  regret that no registration study for trastu-
zumab was performed in conjunction with peri-operative 
chemotherapy for resectable gastroesophageal cancer, 
where up to 25% of  patients with junctional cancers 
(who overexpress HER-2) could benefit[42]. However, for 
those who prefer a trimodality approach, a United States 
study will assess the benefits of  the addition of  trastu-
zumab to a CROSS like regimen of  chemoradiotherapy 
for patients with resectable HER-2 positive oesophageal 
cancer (NCT01196390). The addition of  pertuzumab (the 
monoclonal antibody inhibitor of  HER-2 dimerization) 
to trastuzumab therapy has led to significant gains in 
overall survival for patients with metastatic breast cancer, 
as has the anti-HER2 antibody drug conjugate TDM1, 
and both pertuzumab (NCT01774786) and TDM1 
(NCT01641939) are currently being evaluated in large, 
international randomised trials in HER2 positive gastric 
cancer in the first and second line setting respectively[43]. 
Therefore in future it is hoped it that these may play a 
role in the peri-operative setting. 

Other potential pathways of  interest for patients with 
gastroesophageal cancer include targeting angiogenesis, 
MET and fibroblast growth factor receptor (FGFR). 
Therapies targeting MET and FGFR, although promising 
from a preclinical perspective, have limited clinical evi-
dence for efficacy at this stage beyond anecdotal reports 
from early phase clinical trials. However, there is substan-
tial evidence to support an anti-angiogenic approach in 
operable gastroesophageal cancer. In a placebo controlled 
phase Ⅲ randomised trial the anti-VEGFR2 antibody 
ramicurumab led to a significant improvement in survival 
compared to best supportive care in previously treated 
advanced gastric cancer (OS 5.2 m vs 3.8 m HR = 0.78, 
P = 0.047)[44]. Interestingly, the benefit seen in terms of  
overall survival was comparable to that demonstrated in 
randomised studies of  cytotoxic therapies in the same 
setting[45]. Ramicurumab has also improved survival when 
added to paclitaxel in the second line setting resulting 
in a median overall survival of  an unprecedented 9.63 
m for previously treated patients (HR = 0.807, 95%CI: 
0.678-0.962; P = 0.0169)[46]. Furthermore, although in the 

phase Ⅲ randomised AVAGAST study for patients with 
advanced gastric cancer the addition of  bevacizumab to 
cisplatin-fluoropyrimidine chemotherapy did not lead to 
a benefit in terms of  overall survival, significant improve-
ments in response rate and progression free survival were 
seen in the experimental arm[47]. As the goal of  therapy in 
the peri-operative setting is to maximise response rate in 
order to achieve an R0 resection, then the addition of  be-
vacizumab to peri-operative chemotherapy would appear 
to be a rational choice. This approach has been adopted 
in the large United Kingdom MRC ST03 trial, which will 
evaluate the addition of  bevacizumab to peri-operative 
epirubicin, cisplatin and capecitabine chemotherapy 
(NCT00450203). This study completed recruitment of  
over one thousand patients in late 2013 and preliminary 
results are expected within the next two years. 

IMAGE DIRECTED THERAPY: LARGER 
PATIENT COHORTS ARE NEEDED TO 
VALIDATE THIS PROMISING BIOMARKER
The routine use of  PET-CT is helpful in staging patients 
with potentially operable junctional adenocarcinoma 
and may decrease the rate of  futile surgery by identify-
ing patients with CT-occult metastatic disease[19]. PET-
CT has the potential to become a useful tool in assessing 
early response to treatment in oesophagogastric cancer, 
however studies evaluating this as a predictor of  response 
have been small and lack validation. In the MUNICON I 
study of  54 patients with oesophageal cancer who failed 
to demonstrate a metabolic response following one cycle 
neoadjuvant chemotherapy (defined as ≤ 35% decrease 
in SUV) no patient had a histological response and medi-
an survival for these patients was significantly worse than 
those who had a metabolic response (HR = 2.18, 95%CI: 
1.32-3.62, P = 0.002)[48]. In the follow up MUNICON 
Ⅱ study patients who failed to demonstrate a metabolic 
(PET) response to a single cycle of  pre-operative chemo-
therapy were treated with salvage chemoradiotherapy[49]. 
Although this did increase the pathological response rate 
compared to chemotherapy alone in the previous study 
it did not improve the R0 resection rate, and PET-non 
responders had almost half  the rate of  2 year progres-
sion free survival of  metabolic responders (64% for PET 
responders and 33% for PET non-responders (HR = 
2.22, P = 0.035), highlighting the aggressive disease biol-
ogy of  non-responding patients. Unfortunately despite 
these intriguing findings the small number of  patients in 
the MUNICON studies preclude these changing clinical 
practice and larger clinical trials will be required in order 
to do this; the CALGB group have initiated a study in 
which over two hundred patients with junctional adeno-
carcinoma are randomised induction chemotherapy with 
either FOLFOX (oxaliplatin plus fluorouracil) or carbo-
platin and paclitaxel with interval PET being performed 
following three cycles of  treatment (NCT01333033). 
Patients who fail to respond on PET (≤ 35% reduction 
in SUV) will cross over to the alternate treatment arm 
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of  the study for concurrent chemoradiotherapy. The 
primary endpoint of  this study is to increase the rate of  
pathological complete response in the initial PET non-
responders to 20%, with progression free and overall 
survival being secondary endpoints. The UK MRC ST03 
study (NCT00450203) which is evaluating the addition 
of  bevacizumab to peri-operative chemotherapy is also 
performing a PET substudy which may provide further 
important information on this topic. 

DECREASING CANCER RELATED 
MORTALITY WITH EARLY 
INTERVENTION
By the time symptoms such as dysphagia become appar-
ent for patients with junctional adenocarcinoma the dis-
ease is often well established and frequently not amenable 
to surgery. Additionally, for those who are suitable for an 
operative approach the morbidity associated with such 
invasive surgery and peri-operative therapy is such that 
many patients may be excluded from curative treatment 
due to co-morbidity or performance status. However, 
for the small number of  patients who are diagnosed with 
early stage cancers endoscopic resection may provide 
comparable results to surgical resection with less morbid-
ity[50,51]. For patients with intramucosal carcinoma or high 
grade dysplasia with visible lesions endoscopic resection 
in a high volume centre is recommended with subsequent 
management dictated by the depth of  tumour invasion 
on pathology[52]. Radiofrequency ablation is recommend-
ed for patients with early cancer or high grade dysplasia 
with no visible lesions/flat lining and for complete eradi-
cation of  residual visible Barrett’s oesophagus following 
endoscopic mucosal resection[51-55]. Based on randomised 
trial data, endoscopic resection of  the entire Barrett’s 
mucosa does not appear to provide any increased benefit 
over endoscopic resection of  only visible lesions and ra-
diofrequency ablation of  the remainder of  visible areas 
of  Barrett’s[56]. The case for endoscopic intervention is 
less clear for patients with low grade dysplasia, although 
there is clear evidence that ablative therapies can eradicate 
low grade dysplasia, given the low incidence of  progres-
sion of  such lesions to overt malignancy the benefit of  
this approach to patients is not definitively proved[52,57-60]. 
A randomised trial (SUrveillance vs RadioFrequency abla-
tion - SURF) is currently addressing this issue[61]. 

Based on the non-operative interventions which are 
successful in treating Barrett’s oesophagus it has been 
suggested that population screening for this condition 
could decrease oesophageal cancer related mortality. Al-
though previously the rate of  conversion was frequently 
estimated at approximately 0.5% annually the true rate 
is likely to be less than this[62,63]. Two recently published 
large population based studies containing almost twenty 
thousand patients between them estimate the risk to be 
between 0.12%-0.38% per annum[64,65]. If  rates of  con-
version of  Barrett’s oesophagus to oesophageal adeno-
carcinoma are indeed this low, stratification of  patients 

into high and low risk patient groups for screening will 
be necessary in order to maximise benefits to screened 
patients while optimising resource utilization. Ameri-
can Gastroenterological Association Guidelines suggest 
screening for Barrett’s neoplasia only in persons with 
multiple risk factors such as chronic reflux, hiatus hernia, 
age ≥ 50, male sex, white race, elevated body mass index, 
and intra-abdominal body fat distribution, and British 
Society of  Gastroenterology guidelines broadly concur 
with these, recommending surveillance in persons with 
at least of  the above three risk factors, and also in those 
with a first degree relative with Barrett’s oesophagus or 
oesophageal adenocarcinoma[52,66]. The recommendation 
to screen first degree relatives is based on research dem-
onstrating that familial clustering of  Barrett’s oesophagus 
is not uncommon, with up to 28% first degree relatives 
of  patients with oesophageal junctional adenocarcinoma 
or Barrett’s with high grade dysplasia also demonstrat-
ing a Barrett’s mucosa[67,68]. Recent gene wide association 
studies have confirmed this genetic propensity with Bar-
rett’s associated loci demonstrated in the MHC and on 
Ch16q24[69]. With respect to risk stratification of  patients 
for consideration of  endoscopy, there is some evidence 
that the frequency of  symptoms of  gastroesophageal re-
flux influences the risk of  oesophageal adenocarcinoma 
(≥ once per week symptoms odds ratio 4.9 ≥ daily 
symptoms odds ratio 7.4), however, as up to 40% of  pa-
tients with oesophageal cancer have no history of  reflux, 
focusing solely on symptomatic patients will have limited 
benefits with respect to mortality[70,71]. As the potential 
morbidity of  endoscopic surveillance not insignificant, 
novel non-invasive techniques for screening for Barrett’
s have been developed. These include a capsule sponge 
(Cytosponge) where the patients ingests a gelatin capsule 
containing a mesh which is attached to a string, which is 
then withdrawn through the oesophagus collecting cells 
which are identified as Barrett’s using an immunohisto-
chemical marker[72]. In a prospective cohort study of  504 
patients who had undergone 3 mo or more acid suppres-
sion therapy in the previous five years compared to the 
gold standard of  endoscopic surveillance, the sensitivity 
and sensitivity of  the Cytosponge were 73% and 94% 
for 1 cm or more circumferential length Barrett’s and 
90% and 94% for clinically relevant segments of  2 cm 
or more. However, given the low incidence of  Barrett’s 
in the population studied (3%), clearly improved patient 
selection for screening is required.

CHEMOPREVENTION
The effects of  aspirin therapy on the risk of  cancer oc-
currence have been demonstrated in the multiple ob-
servational studies; use of  aspirin is associated with a 
significantly decreased risk of  cancer death in patients 
both with and without pre-existing malignancies[73,74]. The 
prostaglandin pathway is dysregulated in the development 
of  oesophageal cancer, as increased expression of  cyclo-
oxygenase 2 (COX-2) has been demonstrated in Barrett’
s oesophagus and inhibition of  COX-2 activity leads 
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to growth inhibition of  oesophageal cancer cell lines 
in vitro[75,76]. Inhibition of  COX-1 (and modification of  
COX-2 activity) using high dose (≥ 325 mg/d) aspirin 
appears to decrease the risk of  developing Barrett’s oe-
sophagus in a case control study (OR = 0.36; P = 0.001), 
and a meta-analysis of  multiple cohort studies confirms 
that aspirin (OR = 0.64, 95%CI: 0.52-0.79) or other 
NSAID (HR = 0.65, 95%CI: 0.50-0.85) use is associated 
with a lower risk of  oesophageal adenocarcinoma[77,78]. 
The large UK ASPECT trial (NCT00357682) has re-
cruited over 2500 patients with Barrett’s oesophagus 
and randomised these to aspirin plus acid suppression 
therapy vs acid suppression therapy alone; the results of  
this study are eagerly awaited. A further large randomised 
worldwide study (Add-Aspirin) will begin recruitment in 
2014 to assess whether aspirin given following surgical 
resection of  oesophageal cancer will decrease the risk of  
recurrent disease. Although the epidemiological evidence 
for risk reduction due to aspirin is compelling, due to the 
lack of  randomised data available, the potential toxicity 
associated with aspirin use, and potential biases of  the 
current data, neither the American Gastroenterological 
Association nor the British Society of  Gastroenterology 
recommend routine use of  aspirin as a chemopreventa-
tive measure for decreasing the risk of  Barrett’s or oe-
sophageal adenocarcinoma, although screening patients 
for cardiovascular risk factors for which aspirin therapy 
may be indicated is warranted[52,67].

CONCLUSION
Junctional adenocarcinoma is a challenging disease. The 
rate of  its rapid increase in prevalence does not appear to 
have peaked, and if  levels of  obesity also continue to es-
calate worldwide it is likely to become a significant global 
health issue. Although precursor lesions exist which are 
amenable to curative therapy, identification of  at risk 
patients who would benefit from screening is currently 
difficult. Once an invasive cancer is established it is clear 
that for most patients further therapy in addition to sur-
gery will help improve survival. Whether this is peri-op-
erative chemotherapy or neoadjuvant chemoradiotherapy 
is a matter of  contention. This question has been difficult 
to answer in a straightforward manner due to the design 
of  previous clinical trials, where patients with junctional 
adenocarcinoma have been treated alongside patients 
with squamous cell carcinoma of  the proximal oesopha-
gus or distal gastric cancers. For the purpose of  clarity we 
believe that any future trials should not include squamous 
cell cancers, which have an entirely different disease biol-
ogy, and if  including distal gastric cancers are powered 
for a relevant subset analysis. Exploitation of  the un-
derlying molecular aberrations seen in oesophagogastric 
cancer, in particular amplification of  receptor tyrosine 
kinases may lead to significant improvements in survival 
- however use of  these agents is at this time predomi-
nantly limited to the metastatic setting. Increased uptake 
of  PET directed therapy may allow superior selection of  
patients for intensified pre-operative regimens or imme-

diate resection in the absence of  response and this widely 
available biomarker is currently underutilised. Finally, it 
is hoped developments in the field of  chemoprevention 
using the widely available and inexpensive medications 
such as aspirin may decrease the risk of  progression of  
Barrett’s oesophagus to overt malignancy at low cost and 
toxicity. 
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Abstract
At the time of diagnosis, 25% of patients with colorec-

tal cancer (CRC) present with synchronous metastases, 
which are unresectable in the majority of patients. 
Whether primary tumor resection (PTR) followed by 
chemotherapy or immediate chemotherapy without 
PTR is the best therapeutic option in patients with 
asymptomatic CRC and unresectable metastases is a 
major issue, although unanswered to date. The aim of 
this study was to review all published data on whether 
PTR should be performed in patients with CRC and 
unresectable synchronous metastases. All aspects of 
the management of CRC were taken into account, es-
pecially prognostic factors in patients with CRC and un-
resectable metastases. The impact of PTR on survival 
and quality of life were reviewed, in addition to the 
characteristics of patients that could benefit from PTR 
and the possible underlying mechanisms. The risks of 
both approaches are reported. As no randomized study 
has been performed to date, we finally discussed how 
a therapeutic strategy’s trial should be designed to pro-
vide answer to this issue. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Colorectal surgery; Che-
motherapy; Colorectal primary tumor; Survival; Liver 
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Core tip: The present review aimed to analyze all pub-
lished data on whether primary tumor resection should 
be performed before chemotherapy administration in 
patients with colorectal cancer and unresectable syn-
chronous metastases.
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INTRODUCTION
With nearly 150000 new cases in the United States annu-
ally (about 1 million in developed countries) and 55000 
annual deaths (about 500000 in developed countries), 
colorectal cancer (CRC) stands as the second leading 
cause of  cancer death in Western countries and a sig-
nificant public health issue[1]. In approximately 20% of  
patients, distant metastases are already present at the time 
of  diagnosis[2]. The liver is the most common metastatic 
site. Surgery plays an important role in the treatment of  
patients with limited metastatic disease with 20%-50% 
rates of  cure and long-term survival after complete R0 
resection[3]. However, for the majority (75%-90%) of  
these CRC patients with synchronous liver metastases 
(SLM), there are no curative options, but a significant 
benefit in median overall survival (OS) and quality of  
life can be achieved with palliative systemic treatment, 
namely effective chemotherapy regimens and targeted 
biotherapies[4,5].

Patients with CRC and unresectable SLM may pres-
ent with a variable degree of  symptoms of  their primary 
tumor. The indication of  palliative primary tumor resec-
tion (PTR) prior to the initiation of  systemic treatment is 
obvious in patients with primary tumor-related symptoms 
or complications (obstruction, bleeding, or perforation). 
However, in asymptomatic CRC patients with unresect-
able SLM, the indication of  PTR as initial management 
remains questionable and its effect on survival and qual-
ity of  life is uncertain. No randomized trial has answered 
to these questions to date[6-13]. 

Historically, many surgeons have advocated PTR, 
mainly to avoid potential related complications such as 
bleeding, perforation or obstruction and because it al-
lows precise tumor staging[14,15]. However, during the 
past decade, several highly active systemic agents have 
become available for the treatment of  metastatic CRC 
patients. These agents have increased the median sur-
vival duration from 9 to 12 mo with 5-fluorouracil alone, 
to 24 mo with the addition of  modern cytotoxic and 
targeted agents[16-20]. Owing to the increased efficacy of  
chemotherapy on metastatic CRC as well as on primary 
tumor[21], complications from unresected primary tumor 
have become relatively infrequent. Therefore, there is a 
tendency among surgeons not to perform PTR in case 
of  unresectable metastases. The possible influence of  
PTR on survival of  patients with CRC and unresectable 
SLM has never been assessed properly. It has been sug-
gested that PTR, in the setting of  unresectable metastatic 
disease, was related to prolonged survival on multivariate 
analysis in the majority of  these series[6-10,12,13,22]. Never-
theless, most studies reporting an association between 
PTR and prolonged survival have been limited by nu-
merous selection biases. In addition, whether these two 
strategies impact patient’s quality of  life has never been 

evaluated. Finally, the relative low post-operative morbid-
ity rates reported after laparoscopic resection in stage Ⅳ 
CRC[23-25] and the progress in perioperative management 
of  these patients, have reinforced the debate between the 
two strategies (PTR vs no PTR). While waiting for a ran-
domized study, the objective of  the present work was to 
review the state of  the art on the management of  CRC 
patients with unresectable synchronous metastases, with 
particular focus on PTR.

TREATMENT OF METASTATIC 
COLORECTAL CANCER
When metastases of  CRC patients are restricted to the 
liver, possible curative treatment can be obtained by 
surgical resection of  the metastases. Patients with oligo-
metastases restricted to the lungs may also be candidates 
for surgical resection. Complete surgical resection of  
metastatic lesions substantially improves overall survival 
rates to around 35%-60% in selected patients[3]. Even 
extra-hepatic disease is no longer a contraindication for 
surgery in selected patients[26]. Hyperthermic intraperito-
neal chemotherapy is a promising treatment in selected 
patients with limited peritoneal carcinomatosis and long 
term survival can be achieved[27]. In all other cases, CRC 
patients with unresectable metastases are treated with 
systemic combination chemotherapy regimens. Most 
common combinations are oxaliplatin or irinotecan in 
addition to a fluoropyrimidine (capecitabine or 5-fluoro-
uracil). Since the last decade, targeted biotherapies have 
been possibly administered in addition, such as antian-
giogenic therapy (i.e., bevacizumab) and anti-epidermal 
growth factor receptor antibodies (i.e., panitumumab and 
cetuximab) in the setting of  KRAS wild-type tumors. 
These systemic chemotherapeutic combinations have 
raised response rates to 40%-75% resulting in a median 
overall survival rate of  approximately 24 mo[5,19,28,29]. With 
current chemotherapy regimens, around 20% of  the tu-
mors initially judged unresectable have been converted 
to resectable, leading to secondary curative surgery and 
similar prognosis than in patients who underwent surgery 
for initially resectable liver metastases[3,30]. 

IMPACT OF PRIMARY TUMOR 
RESECTION ON THE SURVIVAL OF 
PATIENTS WITH COLORECTAL CANCER 
AND UNRESECTABLE SYNCHRONOUS 
LIVER METASTASES 
In patients with asymptomatic primary tumor and un-
resectable SLM, PTR prior to the initiation of  systemic 
treatment is questioned. Its effects on survival and quality 
of  life are uncertain[6-18,31,32]. No randomized control trial 
has been conducted to date. 

Several studies have been performed to analyze the 
survival in patients with unresectable stage Ⅳ CRC un-
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dergoing PTR, in comparison with those who did not 
(Table 1). All were non-randomized and most were sin-
gle-center and retrospective. In addition, the major draw-
back of  these studies is that patients with a better World 
Health Organization performance status (WHO-PS) and 
better prognosis at baseline (less metastatic sites involved) 
were more likely to undergo surgery. Conversely, patients 
with extensive disease were more likely to be offered che-
motherapy rather than surgery thus standing as a major 
selection bias. Similarly, only patients with good WHO-
PS were able to tolerate a complete course of  potentially 
toxic chemotherapeutic agents such as irinotecan and 
oxaliplatin. Another limitation is that reported data on 
the use of  systemic therapy are scarce, which hardens the 
assessment of  the influence of  PTR on outcome. De-
spite these limitations, the median OS was improved in 

resected patients in the vast majority of  studies. 
Our group recently reported a 10-year retrospective 

experience of  the management of  metastatic colonic 
cancer in chemotherapy-eligible patients, managed in 6 
Parisian university hospitals[33]. The primary aim of  this 
study was to compare outcomes, including survival, in 
208 patients with unresectable distant metastases under-
going either PTR (n = 85) or systemic chemotherapy (n 
= 123) as their initial treatment. Most patients had not 
received targeted therapy as first-line treatment. Median 
OS was nearly 9 mo longer after PTR than after initial 
systemic chemotherapy (30.7 mo vs 21.9 mo, adjusted 
HR=  0.56; P = 0.031). In this series, the 2 groups were 
different with respect to baseline carcinoembryonic anti-
gen (CEA) level, which was lower in the colectomy group 
(P = 0.008), suggesting a lower disease burden[33]. Despite 
similar rates of  chemotherapy administration, the second-
ary curative resection rate was higher in the PTR group 
than in patients treated with initial chemotherapy (32.9% 
vs 20.3%; P = 0.04), suggesting a lower metastatic burden 
and other potential unmeasured differences contribut-
ing to a greater response to chemotherapy. In an effort 
to take into account these differences, a propensity score 
was performed and used for adjustment. On multivariate 
analysis, first-intent PTR, secondary curative resection, 
well-differentiated primary tumor, liver-only metastases 
and addition of  targeted therapy were independently as-
sociated with survival. After adjusting on the propensity 
score quartiles, as well as for the quantitative value of  this 
score, these five factors were still independently associ-
ated with survival[33].

A recent meta-analysis of  8 retrospective comparative 
studies including 1062 patients has reported an improve-
ment in the survival of  those with palliative PTR, with an 
estimated median gain of  6 mo (standardized HR = 0.55; 
95%CI: 0.29-0.82; P < 0.001)[8]. The initial heterogene-
ity between the studies was amended after excluding one 
study[34], in which survival was not the primary endpoint. 
The authors also reported that PTR was not associated 
with increased secondary resectability of  metastases fol-
lowing chemotherapy, in comparison with patients treated 
with chemotherapy alone (HR = 0.85; 95%CI: 0.4-1.8, P 
= 0.66)[8].

Venderbosch et al[12] performed a retrospective analy-
sis of  two phase Ⅲ studies (CAIRO and CAIRO2), 
investigating the prognostic and predictive value of  PTR 
in patients with synchronous stage Ⅳ CRC treated with 
systemic therapy. In the CAIRO study, 258 patients un-
derwent PTR (vs 141 who did not) and showed increased 
median OS (16.7 mo vs 11.4 mo, respectively; HR = 0.61; 
P < 0.0001) and progression-free survival (PFS) (6.7 mo 
vs 5.9 mo, respectively; HR = 0.74; P = 0.004). Similarly, 
in the CAIRO2 study, 289 patients underwent PTR (vs 
159 who did not) and showed increased median OS (20.7 
vs 13.4 mo; HR = 0.65; P < 0.0001) and PFS (10.5 mo vs 7.8 
mo; HR = 0.78; P = 0.014)[12]. A major limitation of  these 
results consisted in the fact that the decision of  PTR was 
made prior to study inclusion. Besides, no information 
about the reasons for non-resection were provided, such 
as absence of  symptoms, unresectability of  the primary 
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  Ref. Study 
period

Resection/
No resection

No.of 
patients

OS
(mo)

P  value

  Scoggins et al[82] 1985-1997 Resection   66     14.5 0.59
No resection   23     16.6

  Tebbutt et al[34] 1990-1999 Resection 280  14 0.08
No resection   82       8.2

  Ruo et al[44] 1996-1999 Resection 127  16 < 0.001
No resection 103   9

  Michel et al[90] 1996-1999 Resection   31  21 0.718
No resection   23  14

  Law et al[35] 1996-1999 Resection 150    7 < 0.001
No resection   30    3

  Benoist et al[79] 1997-2002 Resection   32  23 NS
No resection   27  22

  Stelzner et al[45] 1995-2001 Resection 128      11.4 < 0.0001
No resection   58      4.6

  Konyalian et al[36] 1991-2002 Resection   62  13 < 0.0001
No resection   47    5

  Costi et al[91] 1994-2003 Resection   83    9 < 0.001
No resection   47    4

  Yun et al[37] 1994-2004 Resection 283     15.3 < 0.001
No resection   93      5.3

  Kaufman et al[92] 1998-2003 Resection 115  22 < 0.0001
No resection   69    3

  Galizia et al[38] 1995-2005 Resection   42     15.2 0.03
No resection   23     12.3

  Evans et al[70] 1999-2006 Resection   45   11 < 0.0001
No resection   57   2

  Bajwa et al[39] 1999-2005 Resection   32  14 0.005
No resection   35    6

  Mik et al[40] 1996-2000 Resection   52   21 NS
No resection   82  14

  Frago et al[93] 2004-2008 Resection   12     23.7 0.008
No resection   43      4.4

  Aslam et al[41] 1998-2007 Resection 366    14.5 < 0.005
No resection 281        5.83

  Chan et al[11] 2000-2002 Resection 286  14 < 0.001
No resection 125    6

  Seo et al[94] 2001-2008 Resection 114  22 0.076
No resection   83  14

  Karoui et al[33] 1998-2007 Resection 128     30.7 0.031
No resection   85     21.9

  Ferrand et al[22] 1997-2001 Resection 156    16.3 < 0.0001
No resection   60      9.5

Table 1  Median survival (mo) in patients with unresectable 
metastatic colorectal cancer, according to whether primary 
tumor resection was performed or not

OS: Overall survival.
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WHICH PATIENTS WITH COLORECTAL 
CANCER AND UNRESECTABLE 
SYNCHRONOUS LIVER METASTASES 
ARE LIKELY TO BENEFIT FROM PRIMARY 
TUMOR RESECTION?
Some comparative studies conducted multivariate analysis 
to determine which clinical, tumor and therapy variables 
were associated with survival between patients managed 
by primary surgery or immediate chemotherapy[10] (Table 
2). In addition to PTR, several factors were found to have 
independent prognostic influence: age, American society 
of  anesthesiology (ASA) score, WHO-PS, preoperative 
CEA levels, primary tumor location, size and differentia-
tion, extent of  metastatic liver spread, peritoneal dissemi-
nation and extra-hepatic metastases. Other independent 
factors have been less frequently reported, such as serum 
albumin, alkaline phosphatase levels, lymph node involve-
ment, ascites, number of  metastatic sites and the adminis-
tration of  targeted therapy. Some works also emphasized 
that tumor burden (primary tumor and/or metastatic 

tumor, poor patient condition and/or symptomatic me-
tastases requiring rapid initiation of  systemic treatment. 
Obviously, many differences were likely to stand between 
patients undergoing PTR or not. However, on multivariate 
analysis, PTR remained a significant prognostic factor in 
the CAIRO2 study and in the subgroup of  patients with 
one metastatic site in the CAIRO study[12].

Finaly, Ferrand et al[22] recently performed an analysis 
of  260 patients included in the Fédération Francophone 
de Cancérologie Digestive 9601 phase Ⅲ trial, which 
compared different first-line single-agent chemotherapy 
regimens in patients with stage Ⅳ CRC. Two-year OS 
and 6-mo PFS were significantly better in the resection 
group than in the non-resection group (24% vs 10%; P 
< 0.0001 and 38% vs 22%; P = 0.001, respectively). The 
gain of  OS was 6.8 mo. These results remained signifi-
cant even after exclusion of  the 49 patients with rectal 
cancer. In multivariate analysis, PTR was the most signifi-
cant prognostic factor (HR = 0.42; 95%CI: 0.30-0.60, P 
< 0.0001). In this study, 4 factors were associated with a 
decreased survival: poor WHO-PS, multiple metastatic 
sites, proximal colonic primary tumor and high baseline 
alkaline phosphatase level.
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  Ref. Resection/No 
resection

No. of
patients

OS
(mo)

P  value PTR on multivariate 
analysis [95%CI]

Other independent prognostic factors

  Tebbutt et al[34] Resection 280 14 0.08 No WHO-PS < 2, no peritoneal dissemination, low 
phosphatase alkaline and serum albumin levelsNo resection   82      8.2

  Law et al[35] Resection 150    7 < 0.001 OR = 0.42 (0.27–0.66)1 
P < 0.001

Unilobar LM involvement, no ascites, no 
chemotherapyNo resection   30     3

  Stelzner et al[45] Resection 128     11.4 < 0.0001 HR = 0.50 (0.27–0.90) 
P = 0.0212

No chemotherapy, ASA score < 3, WHO-PS < 2, 
CEA level, age < 75 yr, extent of metastases, extent of 

primary tumor
No resection   58      4.6

  Konyalian et al[36] Resection   62 13 < 0.0001 HR = 0.3 (0.2–0.6)
P < 0.00013

Liver involvement < 50%
No resection   47 5

  Yun et al[37] Resection 283 15.3 < 0.001 HR = 0.53 (0.38–0.73)
P < 0.001

Metastatic site ≤ 1, high CEA level, chemotherapy, 
well-differentiated primary tumorNo resection   93 5.3

  Galizia et al[38] Resection   42 15.2 0.03 OR = 3.91 (2.83-4.99)
0.26 (0.20-0.35)1 P = 0.001

WHO-PS < 2, liver involvement < 50%
No resection   23 12.3

  Bajwa et al[39] 
  

Resection   32 14 0.005 OR = 0.26 (0.13-0.52) 
P = 0.0001

Left sided primary tumor, unique primary tumor
No resection   35 6

  Mik et al[40] Resection   52 21 NS HR = 0.58 (0.36–0.82)1 
P = 0.004

Unilobar LM involvement
No resection   82 14

  Aslam et al[41] 
  

Resection 366    14.5 < 0.005 P < 0.001 Age < 80 yr, non-locally advanced primary tumor, N 
+ stageNo resection 281       5.83

  Karoui et al[33] 
  

Resection 128   30.7 0.031
-

HR = 0.56 (0.38–0.83)1 
P = 0.004

Secondary curative resection, well-differentiated 
primary tumor, anti-VEGF treatment, no extra-

hepatic metastases
No resection   85    21.9

  Platell et al[83] Resection 243 - HR = 0.51 (0.37–0.69) 
P = 0.0001

Chemotherapy, radiotherapy, ASA score < 3
No resection   70 -

  Venderbosch et al[12] 
  

Resection 286 14 < 0.001 HR = 0.73 (0.58-0.93) 
P = 0.01

-
No resection 125  6

  Ferrand et al[22] Resection 156    16.3 < 0.0001 HR = 0.42 (0.30-0.60)
P < 0.0001

WHO-PS < 2, distal colon or rectal primary tumor, 
one metastatic site and alkaline phosphatase 

≤ 300 UI/L No resection   60     9.5

Table 2  Prognostic factors associated with overall survival in patients with unresectable metastatic colorectal cancer, according to 
whether primary tumor resection was performed or not

1For readability of the Table, some ORs and HRs have been recalculated with “ No resection” as reference for the multivariate analysis of survival; 2exclud-
ing postoperative mortality and complicated primary tumor; 3PTR was independently associated with increased survival probability, while adjusting on 
patient’s age, sex and degree of hepatic tumor involvement. OS: Overall survival; PTR: Primary tumor resection; OR: Odds ratio; HR: Hazard ratio; LM: 
Liver metastases; ASA: American society of anesthesiology; CEA: Carcinoembryonic antigen; VEGF: Vascular-endothelial growth factor; WHO-PS: World 
health organization performance status; NS: Not significant.
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disease) was significantly related to survival[22,33-42]. Bilobar 
liver metastases were associated with decreased survival 
compared to unilobar location, the risk of  cancer-related 
death being five-fold increase in case of  > 50% liver in-
volvement[35,36,38,40]. Similarly, peritoneal and omental me-
tastases are significantly related to poorer survival[34]. 

Furthermore, several studies reported multivariate 
analysis of  predictive factors affecting outcome after PTR 
in patients with CRC and unresectable SLM. The main 
factors influencing outcome were the extent of  liver dis-
ease[42-46], age[43,47,48] and tumor differentiation[31,37] (Table 3).

The results of  the study by Vibert et al[47] suggested that 
patients older than 70 years with elevated aspartate amino-
transferase enzymes may not benefit from palliative PTR 
and could be offered chemotherapy if  suitable. A retrospec-
tive review of  503 palliative PTR found that predictors of  
survival included serum CEA level, degree of  differentiation 
of  the tumor, successful PTR and the use of  chemothera-
py[37]. In another study, age > 65, the presence of  carcino-
matosis and extensive bilobar liver involvement were not 
only associated with decreased survival after PTR, but with 
increased morbidity and mortality as well[43]. Kuo et al[49] 
suggested that patients older than 65 with multiple-site me-
tastases, intestinal obstruction, preoperative CEA levels > 
500 ng/mL, lactate dehydrogenase > 350 units/L, hemo-
globin < 10 g/dL, or liver tumor burden > 25% exhibited 
worse survival following surgery than those without.

To summarize, most of  studies suggested that liver 
burden > 50% and extra-hepatic metastatic disease 
(peritoneal carcinomatosis, lung metastases) were poor 
prognostic factors in patients with CRC and unresectable 
SLM, as well as advanced age and poor WHO-PS. Inter-
estingly, this appears to have remained unchanged with 
time despite the advances in the surgery and systemic 
therapy. Thus, patient selection is a critical issue, and the 
decision for PTR should take into account these prog-
nostic factors.

UNDERLYING HYPOTHESES FOR 
INCREASED SURVIVAL IN PATIENTS 
UNDERGOING PTR 
Reasons why PTR is associated with better outcomes in 

patients with CRC and unresectable metastases are still 
unclear. The improvement in survival following PTR may 
be attributed to a better response to chemotherapy after 
reduction of  tumor burden. This has been demonstrated 
by the proven benefit of  resecting primary renal and 
ovarian tumors in the presence of  metastatic disease[50,51]. 
Survival of  resected patients might also be improved 
because they are less likely to develop obstruction and 
perforation, complications known to carry heavy opera-
tive mortality and morbidity[8]. Besides, surgical removal 
of  primary tumor may restore immunocompetence, even 
at a metastatic stage, as shown in a murine model xeno-
grafted with 4T1 mammary carcinoma[52].

It has been suggested that the interaction between 
primary tumor and target organs of  metastasis dictates 
the progression from micro- to macrometastases[53]. 
Indeed, the primary tumor may induce, in these distant 
organs, a prosperous environment to enhance the growth 
of  metastatic deposit (seed and soil theory). Vascular en-
dothelial growth factor receptor 2 (VEGFR-2) expressing 
circulating tumor cells settle in the pre-metastatic niches, 
previously colonized by hematopoietic cells expressing 
VEGFR-1[54]. The recent study by van der Wal et al[55] 

suggested that PTR could prevent the liver parenchyma 
from soiling from micrometastases. Indeed, the authors 
demonstrated that the expression levels of  angiogenetic 
markers (CD31, VEGF-A, VEGFR-1, VEGFR-2, Pla-
cental Growth Factor, Hypoxia-induced Factor 1 alpha, 
Angiopoietin-2 and its receptor Tie-2, all assessed using 
reverse transcription-polymerase chain reaction) were 
higher in the liver parenchyma adjacent to metastases, 
both in patients with simultaneous resection of  both their 
primary tumor and liver metastases, and in those who 
underwent metastases removal several months after PTR. 
Moreover, the simultaneous resection group showed the 
highest Ang-2/Ang-1 (proangiogenic) ratio both in the 
metastases and the adjacent liver. These results suggested 
that in the presence of  the primary tumor, the liver pa-
renchyma adjacent to metastases provided an angiogenic 
prosperous soil for metastatic tumor growth and may 
explain the association of  PTR with improved survival[55]. 
These results are also in concordance with the prognostic 
role of  anti-VEGF based treatment we found on multi-
variate analysis in our series[33].
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  Ref. Metastatic spread No. of patients Prognostic factors or predictive factors of postoperative morbimortality

  Rosen et al[43] Liver, Peritoneum 125 Age < 65 yr, limited LM, no peritoneal carcinomatosis
  Ruo et al[44] Liver, peritoneum, retroperitoneal 

lymph nodes, lung, bone, brain
123 Liver involvement < 25%

  Stelzner et al[45] Mainly liver 186 WHO-PS, ASA grade, low CEA level, metastatic load, chemotherapy
  Vibert et al[47] Liver   80 Serum AST level < 50 IU/l, age < 75 yr
  Yun et al[37] Liver, peritoneum, lung 503 CEA level, well-differentiated primary tumor, chemotherapy
  Kleespies et al[46] Mainly liver, lung, 

peritoneum
233 Liver involvement < 50%, chemotherapy, pT4 and/or N+ stage

  Costi et al[48] Mainly liver, peritoneum   71 Age < 80 yr, nodal stage 
  Stillwell et al[31] Liver and extra-hepatic 379 Nodal stage < N2, well-differentiated primary tumor, no postoperative 

complications, no apical lymph-node

Table 3  Prognostic factors after primary tumor resection on multivariate analyzes

LM: Liver metastases; ASA: American society of anesthesiology; CEA: Carcinoembryonic antigen; WHO-PS: World health organization performance status.
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In contrast, several studies based on PET-scan and 
histology showed an increased growth of  liver metastases 
following PTR, as determined by an increased vascular 
density, proliferation rate, and metabolic growth rate[56-59]. 
These data suggest that the outgrowth of  metastatic dis-
ease may, at least partly, be downregulated by the primary 
tumor, notably by inhibiting metastatic angiogenesis. 
In mouse models, pulmonary metastases showed rapid 
progression after PTR, which was considered to be the 
result of  depletion of  the antiangiogenic compound 
angiostatin produced by the primary tumor[53,56,60]. After 
PTR, antiangiogenic effects disappear, and metastases 
undergo an “angiogenic switch”, leading to angiogenesis 
and enhanced tumor growth[60]. In addition, major sur-
gery induces a transient immunodepression which may 
promote tumor growth[61,62]. Romano et al[63] reported that 
29% of  CRC patients had lymphocytopenia at baseline. 
In comparison, 14 d after surgery, values below normal 
range for total lymphocyte count and helper T-cells were 
found in 44% and 53% of  cases, respectively. Recovery 
of  postoperative surgery-related lymphocytopenia oc-
curred late only in patients with normal count at baseline. 
In a rat model, perioperative restoration of  lymphocyte 
proliferation levels either by levamisole or maleic anhy-
dride-divinyl ether-2 resulted in fewer hepatic metastases, 
suggesting the critical role of  immunomodulation in the 
development of  metastases[64,65]. Notably, perioperative 
blood transfusions have been shown to exert an immu-
nosuppressive effect on patients with CRC and are inde-
pendently associated with a poor prognosis[66,67].

However, these pro-tumoral effects seem to be coun-
terbalanced by previously described anti-tumoral effects 
of  PTR, as most studies have reported an association 
between PTR an improved outcome. Overall, it seems 
ethically relevant to perform a clinical trial comparing 
PTR to conservative strategy, as data remains controver-
sial regarding PTR consequences on tumor evolution. 
Indeed, influence of  primary tumor on angiogenesis of  
metastases are based on experimental studies, which does 
not necessarily translate clinically into a modification of  
patient survival. Studies that showed an advantage of  
PTR had such selection bias that interpretation of  their 
findings are difficult, even with the use of  multivariate 
analyzes or propensity scores. Definitive response regard-
ing the interest of  PTR in stage Ⅳ CRC patients could 
only be obtained with a randomized trial with selective 
inclusion criteria and comparable arms.

IMPACT OF PRIMARY TUMOR 
RESECTION ON QUALITY OF LIFE OF 
PATIENTS WITH COLORECTAL CANCER 
AND UNRESECTABLE SYNCHRONOUS 
LIVER METASTASES
The effect of  PTR and chemotherapy on quality of  life 
has never been specifically evaluated. In the palliative 
care setting, determining the effect of  PTR on quality of  

life would help clinicians and patients deciding the most 
adapted primary strategy. Primary-related symptoms or 
complications, postoperative morbidity following PTR 
(either electively or for complications), total length of  
hospital stay and tolerability of  chemotherapy (accord-
ing to the presence or absence of  the primary tumor) 
may all contribute to impact quality of  life. They should 
thus stand as secondary endpoints in a future prospective 
randomized study evaluating the impact of  PTR in CRC 
patients with unresectable synchronous metastases. Qual-
ity of  life could be assessed in both arms with the use of  
validated questionnaires such as the european organiza-
tion for research and treatment of  cancer quality of  life 
questionnaire core 30 (EORTC QLQ-C30) and EORTC-
CR29, at baseline and after initiation of  treatment (surgery 
or chemotherapy) with longitudinal follow-up.

WHAT ARE THE RISKS OF 
UNRESECTED PRIMARY TUMOR-
RELATED COMPLICATIONS UNDER 
CHEMOTHERAPY?
PTR has been traditionally advocated in the setting of  
metastatic CRC, to prevent symptoms and complications 
linked to primary tumor, such as obstruction, perfora-
tion or bleeding. Emergency surgery is associated with 
high morbidity and even mortality[45,68-70]. The risk of  
local complications related to tumor left in situ, during 
initial chemotherapy, varied from 8.5% to 30% and was 
dominated by the risk of  obstruction (6%-29%) (Table 4). 
These results require cautious interpretation, as they came 
from old retrospective series that involved few patients 
supported for long periods with heterogeneous chemo-
therapy regimens. In addition, many of  these series have 
included patients with primary tumor-related symptoms 
or complications at initial presentation[33,44,71].

With recent advances in systemic chemotherapy, the 
risks and benefits of  immediate or deferred surgical strategy 
have changed. In contrast to the response rates of  approxi-
mately 15% to 5-fluorouracil, combinations with modern 
chemotherapy regimens, such as infusional 5-fluoroura-
cil/leucovorin with oxaliplatin or irinotecan, have yielded 
response rates of  50% and disease control rates of  85% in 
prospective clinical trials[72,73]. Furthermore, the addition of  
the targeted agents bevacizumab or cetuximab to the above 
combinations has provided clinically significant improve-
ment in response rates[5,28,29,74]. In the setting of  these ef-
fective chemotherapy regimens, the risk of  primary tumor-
related complications and the need of  subsequent urgent 
intervention are low, less than 15% in most series (Table 4). 

In series in which patients were mainly treated with 
effective chemotherapy (oxaliplatin, irinotecan, targeted 
agents) and had asymptomatic or uncomplicated primary 
tumor at presentation, the risk of  complications was in-
ferior to 10%, which can be explained by the significant 
tumor response to chemotherapy[21,75,76]. In addition, the 
risk of  emergency colectomy for complications varies 
from 2% to 29%, with a rate of  less than 7% in the two 
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most recent series. In a series reporting 233 consecutive 
patients treated with primary chemotherapy, 26 (11%) 
patients developed a complication related to the primary 
tumor: colonic obstruction in 18 cases (9 effectively 
treated with a colonic stent), perforation in 5 cases, and 
pelvic pain in 3 patients with rectal cancer[76]. Among the 
26 patients with a complication, only 16 (7%) required an 
intervention. In this series, no factor was correlated with 
the risk of  primary tumor-related complication requiring 
an intervention under chemotherapy.

Lastly, in a phase Ⅱ trial, McCahill et al[77] recently re-
ported a major morbidity rate of  16.3% (14 patients) in 86 
patients with an intact primary tumor, receiving a chemo-
therapy by FOLFOX and bevacizumab. Primary tumor-
related complications occurred in the first 12 mo following 
inclusion in 83.3% of  cases. It consisted in 10 surgical 
interventions for primary tumor-related symptoms and two 
deaths attributed to complications of  the intact primary. 
Among these 10 surgeries, indications were colonic obstruc-
tion in eight, perforation in one and abdominal pain in one. 
Six interventions were performed in emergency, three im-
plicated performing definitive stoma and one postoperative 
death occurred. Four more patients had primary-related-
complications, including two cases of  bowel obstruction, 
which were managed without surgery, accounting for minor 
morbidity. In balance, 27 (31.4%) patients suffered from 
chemotherapy-related events and eight patients underwent 
a surgical resection with curative intent[77].

Although the expected risk is low, primary tumor-
related complications may require urgent colonic stenting, 
or surgery with stoma creation, and may delay or even 
preclude chemotherapy administration. These risks should 
be clearly explained to patients before choosing between 
first-intention PTR or chemotherapy; and close follow-up 
performed to minimize their eventual proper consequences.

IS CHEMOTHERAPY-RELATED TOXICITY 
INCREASED IN THE PRESENCE OF THE 
PRIMARY TUMOR?
No specific studies have explored whether the presence 

or absence of  the primary tumor could influence che-
motherapy tolerance and safety. In the EORTC phase Ⅲ 
study[78], comparing perioperative FOLFOX chemothera-
py with surgery alone, in patients with initially resectable 
liver metastases (≤ 4 metastases), no increased toxicity 
was reported in patients (34%) who had the primary tu-
mor in place at the time of  randomization. In several ret-
rospective studies, no difference in chemotherapy-related 
toxicity was reported, regardless of  whether the PT was 
in place or not[6,39,79].

Bevacizumab has been associated with a 1%-2% gas-
trointestinal perforation in prospective clinical trials[17,80]. 
Most bevacizumab-related perforations were observed 
in the first 3 mo of  treatment, especially within the first 
month. It may occur throughout the entire gastrointesti-
nal tract, including the site of  the primary tumor. In the 
study reported by Poultsides et al[76] 48% of  the patients 
received bevacizumab. Only two of  the five perforations 
observed (all at the site of  the primary tumor) occurred 
during bevacizumab therapy and one patient experienced 
perforation 6 mo after the last administration of  bevaci-
zumab, whereas two had never received it. Although the 
small number of  patients who developed this complica-
tion may have precluded definitive conclusions, bevaci-
zumab have not appeared to significantly increase the rate 
of  perforation. Our group has reported similar results 
in a retrospective multicentric study[33]. In a recent study, 
among 86 patients receiving FOLFOX + bevacizumab 
without PTR, 23 (27%) had serious adverse events, in-
cluding 4 (5%) chemotherapy-related deaths and 6 life-
threatening toxicities[77]. Although not reported as serious 
adverse events but as primary tumor-related major mor-
bidities, two patients had a bowel perforation, which was 
likely to be facilitated by bevacizumab.

For patients with KRAS wild-type tumor, anti-EGFR 
antibodies are also a possibility, although no study has 
yet examined the effect of  these antibodies in metastatic 
CRC patients with the primary tumor in place[5]. Accord-
ingly, in the particular case of  colon cancer with unre-
sectable SLM and a primary tumor in place, the literature 
does not currently justify a strategy different from that 
for CRC in general[81]. 
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  Ref. No. of patients Primary tumor-related 
complications (%)

Type of complication during chemotherapy Surgery required for 
complication (%)Obstruction Bleeding Perforation

  Scoggins et al[82]   23        9  2 (9) 0 0   9 
  Sarela et al[71]   24     29   4 (17) 0 0 21
  Ruo et al[44] 103     29 30 (29) 0 0 29
  Tebbut et al[34]   82     23 11 (13) 3 (4%) 5 (6) 10
  Michel et al[90]   23     22   5 (22) 0 0 22
  Benoist et al[79]   27     15   4 (15) 0 0 15
  Muratore et al[75]   35         8.5 2 (6) 1 (3%) 0   3
  Galizia et al[38]   23     30   4 (17) 1 (4%) 2 (9) 17
  Evans et al[70]   52     23 3 (6)   9 (17%) 0   2
  Poultsides et al[76] 233     11              18 (8) 0 5 (2)   7
  Karoui et al[33] 123     19  21 (17) 0 2 (2) 12
  McCahill et al[77]   86     16  10 (12) 0 1 (1) 12

Table 4  Complications related to in situ tumor in patients with unresectable stage IV colorectal cancer treated with chemotherapy 
as initial management  n  (%)
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Overall, no data suggest that the presence of  the 
primary tumor increases the toxicity of  chemotherapy. 
Chemotherapy modalities, combined or not with targeted 
agents, should be the same as in the metachronous set-
ting.

WHAT IS THE RISK OF COMPLICATIONS 
AFTER PALLIATIVE PRIMARY TUMOR 
RESECTION IN THE METASTATIC 
SETTING?
Several studies suggested that PTR was associated with 
high postoperative morbidity and mortality rates in the 
presence of  metastases[12,45,82] (Table 5). One study report-
ed that 15 of  128 patients (11.7%) patients died within 30 
d postoperatively[45]. However, in this study many patients 
were symptomatic and underwent emergency surgery. 
The same series found a 27.8% mortality rate in patients 
who had emergency surgery vs only 7.3% mortality rate 
with elective procedure (P = 0.002)[45]. The high postop-
erative mortality rate of  5% reported by Scoggins et al[82] 
included patients who were symptomatic at the time of  
resection and the patient who died after surgery were 
noted to have severe carcinomatosis. 

These mortality rates were higher that noted in the 
recently published meta-analysis where collectively, peri-
operative mortality was 1.7% (95%CI: 0.7-3.9)[8]. This 
lower mortality rate can be accounted for the preeminent 
number of  patients that were asymptomatic and man-
aged electively. In this meta-analysis, postoperative mor-
bidity occurred in 23% (95%CI: 18.5-21.8) of  patients. 
The most frequent complication was wound infection 
and could be mostly managed conservatively; however, 
in some instances, major complication arose whereby pa-
tients required additional surgery as management. Anas-
tomotic leakage, occurring in 1.7% of  patients, is more 
commonly a significant complication of  rectal cancer 
resection. It often leads to sepsis, significantly prolongs 

hospital stay and delay or even precludes chemotherapy 
administration[8].

In a recent large monocentric series, this same group 
analyzed the postoperative outcomes in 379 CRC patients 
with unresectable synchronous metastases undergo-
ing PTR[31]. In the postoperative period, mortality and 
morbidity rates were 9.2% and 48.3%, respectively. Post-
operative surgical and medical complication rates were 
35.6% and 25.3%, respectively. Among these patients, 33 
required one or more reinterventions in the same admis-
sion to manage these complications. The most common 
surgical complications included wound infections and the 
most common medical complications comprised respira-
tory events followed by cardiac events. However, 45% of  
patients were aged of  more than 70 years in this series, 
60% had a locally advanced primary tumor and nearly 
30% had rectal cancer[31]. 

These results need to be interpreted with caution as 
these studies suffered from several limitations. Firstly, 
morbidity rates were not always separated between minor 
and severe complications. Secondly, inclusion periods 
were very long and progresses in surgery and postopera-
tive care have not been taken into account. In a recent 
series of  313 patients treated for unresectable synchronous 
stage IV CRC over different time periods, Platell et al[83] re-
ported that the 30-d postoperative mortality (12.6% vs 
2.7%, P = 0.036) and the duration of  hospital stay (13 
d vs 9 d, P = 0.026) have decreased significantly from 
1996-2002 to 2003-2009 periods, despite increased num-
bers (28% vs 46.4%, P = 0.001) of  patients with severe 
comorbidity (i.e., ASA score 3 or 4). Another limitation 
resides in the heterogeneity of  populations, as studied 
patients included those with symptomatic or locally 
advanced primary tumor, patients with rectal primary, 
patients with advanced age and severe comorbities, those 
with extensive and extra-hepatic metastatic spread or 
patients with poor general condition[8,31]. Fourthly, in all 
but two studies[31,46], there was no mention of  the use of  
laparoscopy in patients electively undergoing PTR, which 
has been convinced to decrease postoperative morbid-
ity compared to laparotomy. Indeed, in several phase Ⅲ 
trials, overall surgical morbidity following elective colec-
tomy for cancer was 0.7%-3% and 20%-28%, in patients 
operated with laparoscopy and laparotomy, respective-
ly[84]. Finally, one should note that in all series reporting 
the postoperative outcome after PTR in stage Ⅳ CRC 
patients, there was no mention of  the use of  periopera-
tive immunonutrition which has also been demonstrated 
to improve postoperative outcomes in patients operated 
for various types of  digestive cancers[85].

Few studies have performed a multivariate logistic 
regression analysis to determine independent factors as-
sociated with postoperative mortality and morbidity in 
patients with stage IV CRC. In the series reported by 
Stelzner et al[45] postoperative mortality (11.7%) was not 
associated with PTR but was significantly related to ASA 
score IV (ASA score III, 7% vs ASA score IV, 26.4%, 
P = 0.002), higher age (≤ 75 years, 7.6% vs > 75 years, 
20%, P = 0.015) and emergency operations (27.8%, vs elec-
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  Ref. Study 
period

No.
of patients

Mortality 
(%)

Morbidity 
(%)

  Scoggins et al[82] 1985-1997   66 5 30
  Rosen et al[43] 1984-1998 120 6    22.5
  Tebbutt et al[34] 1990-1999 280 NM 13
  Ruo et al[44] 1996-1999 127 2 21
  Michel et al[90] 1996-1999   31 0 NM
  Benoist et al[79] 1997-2002   32 0 19
  Stelzner et al[45] 1995-2001 128  11.7 -
  Galizia et al[38] 1995-2005   42 0 21
  Evans et al[70] 1999-2006   45 16 NM
  Bajwa et al[39] 1999-2005   32 3 22
  Kleespies et al[46] 1996-2002 233   4.7 46
  Mik et al[40] 1996-2000   52   7.7 40
  Costi et al[48] 1994-2003   71   8.5 24
  Stillwell et al[31] 1984-2004 379   9.2    48.3

Table 5  Postoperative outcome after primary tumor resection 
in patients with unresectable stage IV colorectal cancer

NM: Not mentioned.
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tive, 7.3%, P = 0.002). In the largest series of  379 resected 
patients with an unresectable stage Ⅳ CRC, Stillwell et al[31] 
found that at multivariate analysis, 30-d postoperative 
mortality was independently associated with medical 
complications (P < 0.001), emergency interventions (P = 
0.001) and age (≥ 70 years, P = 0.007). Conversely, pa-
tients with liver-only metastases were less likely to die in 
the postoperative period than those with advanced local 
disease and/or extra-hepatic disease (P = 0.004). In this 
large series, emergency interventions were also linked to 
morbidity, a fact that is well established in literature[45,68-70]. 
In another series, independent determinants of  an in-
creased postoperative morbidity (total rate of  46%) were 
primary rectal cancer, hepatic tumor involvement > 50%, 
and comorbidity > 1 organ[46].

To summarize, after palliative PTR in metastatic pa-
tients, most studies suggested that baseline characteristics 
(age, WHO-PS, comorbidity, ASA score), advanced local 
and metastatic disease and rectal primary tumor to be 
related to postoperative morbidity and mortality. Taken 
together, these findings suggest that one issue for a phase 
Ⅲ study would be to assume that the acceptable risks 
of  postoperative mortality and severe morbidity rates 
would be less than 10% and 30%, respectively. These 
rates could be even lower with the use of  laparoscopic 
approach, which is known to improve short-term out-
comes, including postoperative morbidity, compared 
to open surgery[23-25,86]. Besides, perioperative nutrition 
should be systematically recommended. Finally, these an-
ticipated morbidity and mortality rates are those expected 
in a population of  selected patients, constituted after the 
exclusion of  patients which would not be likely to benefit 
from PTR (patients in poor general condition, with se-
vere comorbidities, rectal cancer, extra-hepatic metastatic 
disease, complicated primary tumor).

SPECIFIC ISSUES OF RECTAL CANCER
By its particular location in the pelvis, rectal cancer differs 
from colon cancer on several points: first, unresected rec-
tal tumors can lead to disabling symptoms (pelvic pain, 
rectal syndrome) and local related complications such as 
urinary obstruction, perforation with pelvic abscess or 
recto vaginal fistula that can be disastrous and difficult to 
manage; secondly, for locally advanced mid and/or low 
rectal tumors (i.e., staged cT3, T4 and/or cN-positive dis-
ease) neoadjuvant treatment  (short-course radiotherapy 
(RT) or long-course chemoradiotherapy) has been dem-
onstrated to decrease the risk of  local recurrence with 
no effect on survival; finally rectal resection with total 
mesorectal excision is a demanding surgery with high 
postoperative complications rates (which may delay or 
even preclude chemotherapy administration), risk of  
long-term functional disorders (digestive, sexual, urinary) 
that can negatively impact on quality of  life and lead to 
permanent stoma in up to 20% of  operated patients[87]. 

In patients with rectal cancer and synchronous unre-
sectable metastases, up-front chemotherapy administra-
tion before considering the need to resect the primary 

tumor may represent an attractive therapeutic option for 
the following reasons: surgery (with or without neoad-
juvant treatment) is avoided in patients with rapidly pro-
gressive metastatic disease which should be regarded as 
a biological marker for poor prognosis and an indication 
for administering second-line treatment. In a retrospec-
tive study of  22 patients with rectal cancer and unresect-
able synchronous metastases, Stelzner et al[88] reported 
that, in patients  without progression under first-line 
chemotherapy,  median OS was significantly increased in 
patients who underwent PTR compared to those with 
the primary tumor left in place (27.2 mo vs 12.4 mo, P = 
0.017). In addition, systemic chemotherapy has also an 
effect on primary tumor in rectal carcinoma. In a phase 2 
trial evaluating neoadjuvant capecitabine and oxaliplatin 
before chemoradiotherapy and total mesorectal exci-
sion in 105 patients with locally advanced rectal cancer, 
Chua et al[89] emphasized that morphological reevaluation 
after neoadjuvant chemotherapy showed an objective 
response in 78 patients (74%). Based on these results, 
patients could receive short-course RT or even no RT 
at all before rectal surgery in case of  partial or complete 
radiological response after neoadjuvant chemotherapy. In 
conclusion, for patients with rectal cancer and unresect-
able SLM, it seems relevant that chemotherapy should be 
the first treatment and surgery should only be proposed 
when there is no progression during preoperative chemo-
therapy. Patients with a poor prognosis due to progressive 
metastatic disease are thereby spared the risks of  major 
rectal surgery with a long hospital stay and unnecessary 
surgical complications.

DISCUSSION: WHAT DESIGN FOR A 
STUDY ATTEMPTING TO ANSWER THIS 
ISSUE?
Whether PTR should be performed prior chemotherapy 
administration in unresectable stage Ⅳ CRC patients 
remains unknown. When the primary tumor is not re-
sected and uncomplicated (asymptomatic) and the pa-
tient has started with palliative chemotherapy, the rate 
of  unplanned or emergency surgery is relatively low and 
therefore does not warrant surgery of  the primary in 
future patients. This relative low rate of  primary tumor-
related complications under chemotherapy may be partly 
explained by the effectiveness of  chemotherapy regimens 
and targeted agents. With regard to survival, most retro-
spective studies favor PTR, but results are likely to be in-
fluenced by selection biases. These studies suggested that 
liver burden > 50%-75%, extra-hepatic metastatic disease 
(peritoneal carcinomatosis, lung metastases), advanced 
age and poor WHO-PS were poor prognostic factors in 
CRC patients with unresectable SLM even for those who 
undergo PTR. These factors, in addition to rectal primary 
location, have also been reported to be associated with 
high postoperative mortality and morbidity following 
PTR. In summary, data from the literature highlight that 
patient selection taking into account all the above men-
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tioned factors is a critical issue for a future randomized 
trial aiming to determine whether OS is improved by PTR 
in patients with CRC and unresectable liver metastastic. 

Definition of  metastases unresectability is also a criti-
cal issue. Among patients with CRC liver metastases, no 
consensual precise definition of  resectability or unresect-
ability has been reached to date[3]. The resectability of  
liver metastases may differ from one hospital to another, 
depending on the available equipment and the level of  
surgical expertise. The definition also depends, under-
standably, on patient-specific data, such as general health, 
comorbidities, nutritional status, and more specifically, the 
presence of  a possible underlying liver disease. For these 
reasons and to provide a rigorous framework, a relevant 
definition of  liver metastases unresectability would be the 
inability to achieve a macroscopically complete resection 
(with clear margins) of  all metastases, in one- or two-
stage, without compromising postoperative liver function 
because of  the insufficiency of  either the remaining liver 
volume or biliary and venous vascularization and drain-
age. Unresectability of  liver metastases would have to be 
assessed on a helical or multi-slice abdominal CT-scan 
with contrast enhancement, or liver MRI if  CT is im-
possible (kidney failure, allergy to iodine) or insufficient 
to characterize lesions[81]. Radiological criteria for liver 
metastases unresectability would gather involvement of  
all hepatic veins, or both portal branches, or one portal 
branch and the controlateral hepatic vein(s), and a pre-
dictable post-hepatectomy liver volume < 25%-30%. 

Then, all eligible patients would be randomized to un-
dergo either PTR followed by chemotherapy ± targeted 
agent or chemotherapy ± targeted agent without PTR. 
Randomization would be stratified according to the study 
center and the metastatic liver involvement (≤ 50% vs > 
50%) as determined by the pretreatment CT-scan or liver 
MRI staging. 

The primary endpoint would be the difference in OS 
between the two treatment arms. Secondary endpoints 
would be quality of  life, rate of  primary tumor-related 
complications in the arm with chemotherapy alone and 
postoperative morbidity in the PTR arm. Besides, the 
tolerability of  chemotherapy, objective tumor response, 
PFS, time to metastatic progression and the rate of  sec-
ondary curative resection (R0) of  both the primary and 
metastases should be assessed in both treatment arms.

No randomized study has been performed yet. The 
entire international community wishes to answer this 
question. One should emphasized that since 2010 until 
today, 14 papers on the present subject have been pub-
lished including 9 individual series, 5 reviews or meta-
analyses, 1 editorial and 1 guidelines from the French 
authorities. In all these publications, the need to perform 
a randomized trial evaluating the impact of  PTR on sur-
vival in patients with CRC and unresectable metastases is 
underlined. 

CONCLUSION
The present review assessed whether OS and quality of  

life are improved in patients with asymptomatic unresect-
able metastatic CRC treated with surgery followed by 
chemotherapy vs chemotherapy alone with the primary 
in place. Reported data from the literature support the 
view that PTR should be discussed and validated by a 
phase III trial in selected patients: asymptomatic primary 
tumor, age ≤ 70 years, WHO-PS < 2, no extra-hepatic 
metastatic disease, liver burden of  less than 50%. In these 
patients, PTR, when performed laparoscopically and after 
preoperative immuno-nutrition, may lead to an increased 
OS. In all other cases, reported postoperative mortality 
and morbidity rates related to PTR are high and up-front 
chemotherapy with the primary tumor left in place may 
represent the more reasonable option.
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Abstract
In an attempt to improve upon the end results obtained 
in treating colorectal cancer it was apparent that the 
earlier the diagnosis that could be obtained, the better 
the chance for obtaining desired results. In the case of 
more advanced tumors typified by later stage colorectal 
cancer, surgical debulking is an important part of the 
treatment strategy. Here the use of additional therapeu-
tic modalities including chemotherapy and present day 
immunotherapy has failed to accomplish the desired im-
provements that have been sought after. Adjuvant ther-
apy, has offered little to the overall survival. The concept 
of early detection is now recognized as the initial step in 
reaching proper end results and can readily be demon-
strated from colorectal cancer studies. Here survival has 
been found to be a reflection of the stage at which the 
tumor is first identified and treated. When specific mono-
clonals targeting colorectal cancer are employed diagnos-
tically, we have been able to demonstrate detection of 
colorectal cancer at its inception as a premalignant lesion, 
such that genotypic features can be identified before the 
phenotypic appearance of cancer can be noted.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Monoclonal antibodies; 
Immunohistochemistry; Antibody dependent cell cyto-
toxicity; Tumor associated antigens

Core tip: The ideal monoclonal antibody to be employed 
in cancer management is one targeting an immunogen-
ic protein expressed in a specific cancer system. Those 
presently employed in cancer management, target a 
growth factor or carbohydrate antigen seen in both 
cancer and normal tissue. Their value as such is limited. 
The monoclonals described herein are directed against 
colon cancer tumor associated antigen and have value 
in both diagnostic and therapeutic uses for controlling 
this disease.

Arlen M, Arlen P, Coppa G, Crawford J, Wang X, Saric O, 
Dubeykovskiy A, Molmenti E. Monoclonal antibodies that target 
the immunogenic proteins expressed in colorectal cancer. World 
J Gastrointest Oncol 2014; 6(6): 170-176  Available from: URL: 
http://www.wjgnet.com/1948-5204/full/v6/i6/170.htm  DOI: http://
dx.doi.org/10.4251/wjgo.v6.i6.170

INTRODUCTION
For most malignancies such as colorectal cancer, the ear-
lier the diagnosis the better the chance for offering the 
patient the opportunity to be cured[1-5]. The addition of  
additional methods to help improve survival, especially in 
the post operative period, have offered little to achieve a 
better response[6-9]. In order to define methods for earlier 
intervention, we began to look at behavioral patterns 
seen in various stages of  colorectal cancer, attempting 
to define those patterns related to tumor antigen expres-
sion. We were able as such, to identify and characterize 
a unique group of  immunogenic proteins that appeared 
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to be expressed in all colorectal carcinomas that were ex-
amined. These tumor (associated) antigens were found to 
be present in all stages of  colorectal tumor development, 
from inception to metastasis. Following the separation 
of  these proteins from pooled tumor cell membranes, 
monoclonal antibodies targeting these proteins were 
developed. Hybridomas were produced by injection of  
BALBc mice with the antigens/proteins so obtained. 

By employing those monoclonal antibodies derived 
against the tumor proteins, it appeared that the antigen, 
noted to be expressed in the earliest stages of  tumor 
development, continued to be present throughout later 
stages of  progression of  tumor growth. As a result, we 
were able to define the appearance of  genetic alterations 
occurring in normal appearing cells that first character-
ized the transformation process. This initial pattern of  
cellular transformation was typified by the expression of  
immunogenic tumor proteins in the earliest stages of  ge-
notypic transformation when phenotypic features still ap-
peared normal by standard HE. As with the invasive cell 
which sheds its antigen into the serum, the premalignant 
cell similarly sheds antigen into the stool which can easily 
be identified by a stool enzyme-linked immunosorbent 
assay (ELISA). Tissue biopsies studied by immunohisto-
chemistry to define cells expressing tumor antigen and ex-
amination of  stool for the presence of  tumor antigen can 
now offer the asymptomatic patient the opportunity for 
proper screening. As a result one can now offer a practi-
cal process for early detection of  a developing malignancy 
when optimum results can almost always be anticipated.

We now believe that it is possible to define the pres-
ence or absence of  colon cancer during the screening 
process of  the asymptomatic patient. If  validated by our 
studies, the need to employ colonoscopy would be mark-
edly reduced and relegated to those patients where there 
is a high likely hood for defining an early malignancy or 
when biopsy is required for confirmation of  as well as 
staging of  the disease process.  

As noted above, the early premalignant cells undergo-
ing transformation, as well as polypoid tumors and larger 
malignancies do shed tumor antigen into the stool where 
they can be detected by stool ELISA using our colon tu-
mor monoclonals. This procedure can be used as a con-
firmatory measure to determine whether colonoscopy is 
or is not indicated as a follow up in post op patients in 
order to detect early developing lesions as well as possible 
anastomotic recurrences. 

These same antibodies, used for detecting colon spe-
cific tumor associated antigens, also have therapeutic ef-
ficacy. Should the clinical work up of  a malignant lesion 
demonstrate spread of  tumor, the monoclonals that were 
employed for diagnosis of  the tumor marker, can now 
be delivered intravenously to target those cells producing 
tumor antigen and destroy them through the process of  
antibody dependent cell cytotoxicity (ADCC).

DISCUSSION
At the present time, most of  the tumor markers em-

ployed commercially for tumor detection and diagnosis 
are non specific. Those clinically available, best serve 
to monitor the response to the therapy being employed 
rather than to detect and diagnose the presence of  a le-
sion. Those markers that appear in the serum are mostly 
derived from carbohydrate antigens that are shed into 
the serum. They are not only expressed by the tumor, 
but also by adjacent normal tissue that may have been ef-
fected by an ongoing inflammatory process[10-12].

 In order to detect the presence of  colon tumors at 
the ideal time, it is important to be able to define a spe-
cific marker or family of  markers on the tumor when 
clinical symptoms were minimal if  not totally absent. 
Such markers have been shown to best be represented by 
one or several immunogenic proteins or glycoproteins ex-
pressed on the cell surface membrane and found to shed 
into the serum as well as surrounding tissue. Those im-
munogenic proteins that characterize colon cancer have 
been isolated and characterized by our group at Precision 
Biologics. Pooled allogeneic specimens of  colon cancer 
were used to retrieve tumor membrane proteins, separate 
them by molecular weight and then skin test the patient 
to define that specific group of  proteins producing 
delayed cutaneous sensitivity. Further separation by iso-
electrophoresis yielded three distinct glycoproteins that 
proved to represent oncofetal proteins first expressed in 
the fetus and later in a mutated form, representing specif-
ic colon cancer proteins that help induce a mild immune 
response. The failure to achieve a full immune response 
proved to be due to minimal expression of  antigen in the 
tumor that was necessary to induce a proper immune re-
sponse. 

Using monoclonal antibodies developed against these 
immunogens, a serum ELISA was also developed that is 
capable of  identifying shed markers with a high degree 
of  sensitivity and specificity[13]. The monoclonal anti-
bodies that specifically target these tumor proteins, have 
demonstrated that these proteins serve both as diagnostic 
markers and a therapeutic targets[14].

It is well known that of  the many methods being de-
veloped to control the more aggressive colon lesions, not 
only does one rely on newer chemotherapeutic agents, 
but additionally through enhancement of  the immune 
system. This can be accomplished by combining che-
motherapy with a monoclonal antibody such as the one 
directed against the epidermal growth factor 1[15]. The 
process of  adding an immunotherapeutic agent to stan-
dard chemotherapeutic drugs does rely on the nature of  
the antigen expressed by the tumor. This of  course can 
be accomplished by immunohistochemical analysis of  the 
tumor. The same effective monoclonal antibody that de-
tected the presence of  the tumor antigen/marker in the 
biopsy specimen can then be used intravenously along 
with chemotherapy, to attack the marker as a therapeutic 
target. In such combinations, the chemotherapeutic agent 
may serve to minimize the presence of  any shed blocking 
material from the tumor to secondarily enhancing the im-
mune response. Such enhancement in immune reactivity 
frequently helps the host defense mechanisms to control 
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disease progression[16-19]. 
When a primary colon tumor is confined to the mu-

cosa of  the bowel, cure is just about guaranteed by surgi-
cal removal. However, when the tumor is found to  pen-
etrate into the muscular layers of  the bowel, or invades 
the serosal surface with regional nodes possibly being 
involved, the opportunity for cure diminishes (Figure 1). 
Here additional modalities of  therapy are essential if  im-
provement in survival is to be accomplished.

The size of  a tumor mass becomes part of  the overall 
picture of  how the lesion is viewed regarding its manage-
ment. A greater host immune response is required in the 
more advanced cases as typified by bulky disease. This 
almost always necessitates surgical debulking to eliminate 
the larger number of  tumor cells that are required to be 
brought under control. The presence of  bulky tumor is 
in addition, frequently associated with a source of  inhibi-
tory surface molecules. When shed from the tumor cell 
membrane into the serum, these molecules function to 
inhibit those immunosurveillance mechanisms needed for 
helping to eliminate existing tumor cells that may have 
remained in the region of  surgical resection or among 
those cells having entered the circulation[20]. As a conse-
quence, a greater host immune response is required in the 
more advanced cases which is usually typified by bulky 
disease. There is little disagreement as such, that the abil-
ity to achieve an improved cure rate depends on early 
diagnosis and when possible, complete removal of  the 
existing tumor. 

The concept for achieving the early diagnosis of  a 
malignant lesion was espoused by Lee Hartwell of  the 
Fred Hutchinson Cancer Center, who evaluated proce-
dures for achieving such early diagnosis as the more ef-
fective way of  curing cancer. He looked at later stages of  
disease in solid tumor malignancies, where chemotherapy 
was employed to help improve survival. In such situa-
tions he found that this approach rarely resulted in cure, 
especially when the primary lesion had undergone the 
process of  metastasis[21].

Hartwell stressed the need for finding a tumor pro-
tein expressed early in the onset of  disease, functioning 
in a manner that the Pap smear had accomplished for 

cervix cancer. When such a tumor protein, functioning 
as a marker, could be detected by a monoclonal antibody, 
the clinical course of  the disease would be altered in fa-
vor of  an almost guaranteed cure. Larry Norton of  the 
Sloan Kettering Cancer Center emphasized that if  the 
tumor markers that Hartwell was hoping to find were 
immunogenic, then the monoclonal antibody that could 
determine the presence of  the malignant lesion would be 
the same monoclonal that when delivered intravenously, 
would hunt, seek and destroy any cell in the metastatic 
setting that presented with such a marker. Essentially 
the presence of  immunogenic tumor associated antigens 
(TAA’s) on the cell surface membrane serve to illustrate 
the tumor in the form of  a coin displaying two sides. 
On the reverse side of  the coin, the proper monoclonal 
can detect the tumor antigen as a diagnostic marker. The 
antigen on the opposite (head) side of  the coin would 
now act as a therapeutic target for tumor destruction by 
utilizing the same monoclonal antibody delivered intrave-
nously (Figure 2).

Such tumor immunogenic proteins (TAA’s) were iso-
lated from a number of  different malignancies including 
colon cancer and later characterized at Precision Biolog-
ics. The monoclonals that were derived from colon can-
cer antigen and later used to immunize BALBc mice for 
hybridoma production, are presently being tested clini-
cally for both diagnostic and therapeutic efficacy. They 
have been found to be capable of  detecting the earliest 
lesion in a manner illustrated by Figure 2. These colon 
tumor specific monoclonals are capable of  functioning to 
diagnose the presence of  the colon malignancy by both 
immuno-histochemistry of  the resected specimen as well 
as serum ELISA. Should the tumor have invaded the 
blood stream, the metastatic lesions resulting from such 
invasion can now be effectively targeted. Extrapolating 
from animal studies with colon cancer transplants, meta-
static foci from of  these tumors can now be approached 
thru intravenous infusion of  the monoclonal antibody 
with doses of  the IgG1 delivered Ⅳ at 4-5 mg/kg. Phase 
ⅡB studies are now in progress with these antibodies. 

When Ariel Hollinshead (1985)[22] employed pooled 
allogeneic tumor membrane antigen for treating a variety 
of  malignant lesions, it became apparent that when the 
antigen was delivered at threshold levels and specifically 
for the malignancy expressing suboptimal levels of  in-
nate antigen, that the immune system could be shifted 
from one of  performing immune-surveillance to that 
of  providing a therapeutic mechanism for attacking and 
destroying the tumor, resulting in improvement in sur-
vival[23,24]. 

Clinical studies employing pooled allogeneic tumor 
antigen in the form of  a vaccine, defined by its ability to 
turn on both cell and humoral immunity, resulted in im-
proved survival over those where patients underwent sur-
gery alone. In order to achieve an optimum response, the 
antigen had to be delivered at doses of  between 750 and 
1000 µg in 3 divided doses, given along with an oil based 
adjuvant. This allowed the now homogenized antigen to 
remain at the site of  delivery for an extended period of  
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Figure 1  Correlating the extent of local tumor progression with survival in 
colorectal cancer.
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cess of  malignant transformation occurs several months 
before phenotypic features of  cancer can be detected[26].  
Obviously during resection of  a primary colon lesion by 
colectomy, it is essential for the pathologist to guarantee 
that transformed colonocytes not be left behind in the 
margins of  resection that are to be re-anastomosed. This 
appears to be best achieved by employing IHC with the 
monoclonal antibodies targeting colon tumor antigen. 
Along with the standard HE protocol. We plan to have 
antibody kits available in the OR so that frozen sections 
taken from margins of  bowel following colectomy can be 
obtained for IHC. 

Tumor antigen structure was analyzed, defined and 
characterized following immunoprecipitation of  the 
pooled allogeneic colon cancer membrane material that 
had been used as a vaccine. Mass spectroscopy indicated 
that there were three separate antigens, seen alone and in 
combination in various colon cancers, each representing 
an oncofetal protein needed in the development of  the 
human GI tract. These proteins were usually turned off  
as the fetus matured by re: methylation of  the gene. In 
the adult, the onset of  malignant transformation of  the 
cell occurs via an oncogenic mutation. This appears to 
result in a modification of  the protein structure through 
a mutation in the synthetic pathway or possibly thru a 
post translational modification of  the oncofetal protein. 
The resulting tumor protein was found then to be immu-
nogenic and serves to characterize the tumor system in 
which it is expressed.  The immunogenic proteins that we 
identified were shown to be related to MUC5ac, A33, and 
CEAcam 5,6. While our monoclonals clearly define these 
proteins on Immunohistochemistry, commercial mono-
clonals used to define the known non modified antigens 
(oncofetal proteins) failed to recognize expression of  the 
modified antigen in the malignant system.

All of  the monoclonals that we have developed fit into 
a unique class of  IgG’s that are both diagnostic as well as 
therapeutic in solid tumor malignancies. Mutated MUC5c 
antigen is defined by monoclonal Neo-101 and its newer 
version Neo 102, CEAcam5,6 by monoclonal 16C3/Neo 
201 and altered A33 by monoclonal 31.1. To date no other 
anti-tumor IgG monoclonals have been found capable of  
performing in a similar fashion. The epidermal antibodies 
targeting epidermal growth factor Ⅰ and II all have cor-
responding targets in normal tissue. 

time.
To define the nature of  the tumor protein or proteins 

capable of  inducing enhancement in tumor recognition, 
monoclonals were developed in BALBc mice. Three of  
the antibodies obtained from the fusion and subsequent 
hybridoma development showed specificity for colon 
cancer. There was minimal if  any evidence of  cross re-
activity of  these antibodies to the surrounding normal 
colonic tissue. When employed for therapy, first chimeric 
and then the humanized or human version of  the anti-
bodies were produced. 

In reviewing the nature of  the clinical response ob-
tained following the initial trials employing pooled colon 
cancer antigen, all patients immunized had a strong de-
layed cutaneous hypersensitivity response as previously 
noted. This was response was associated with enhance-
ment in cellular immunity as well a strong humoral 
response in most patients, with resulting high serum 
titers of  an IgG1 targeting the antigen expressed on the 
tumor cells[25]. Those among the 10%-20% of  patients 
showing signs of  recurrent disease after immunization, 
were found to be unable to mount the needed humoral 
response needed to control the tumor. The cell lmediated 
immunity almost appeared to function in a bystander 
manner. The monoclonals described above that were 
developed from the original Hollinshead tumor antigen 
were then specifically produced GMP for initiation of  
food and drug administration (FDA) clinical trails. The 
IgG1 format developed for the trials was found to func-
tion in the same manner as those antibodies found in 
the host circulation in response to administration of  the 
tumor vaccine.

A detailed analysis of  the monoclonals so produced 
against the colon antigen revealed each to be capable 
of  inducing a strong ADCC response. Similarly, these 
mAbs showed effectiveness in a serum ELISA with a 
high degree of  sensitivity and specificity. Using Immuno-
histochemistry (IHC) to define expression of  antigen in 
the tissue under examination, cells that have undergone 
the initial genotypic changes can now be clearly defined 
even though the phenotypic features of  cancer are not 
yet available for recognition by the pathologist.  Studies 
to date have suggested that the colonocytes adjacent to a 
malignant lesion, have for the most part undergone geno-
typic transformation (Figure 3). It appears that this pro-
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Figure 2  Depicts the ideal monoclonal antibody that 
can define the presence of a tumor associated antigen 
for diagnosis by Immunohistochemistry and then when 
delivered Ⅳ, can hunt and destroy the tumor which con-
tains the diagnostic marker. IHC: Immunohistochemistry; 
TAA: Tumor associated antigen; ELISA: Enzyme-linked im-
munosorbent assay.
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Knowing that the targeted antigen in colorectal cancer 
can result in tumor destruction, animal studies prior to 
initiation of  clinical trials using therapeutic monoclonals, 
were devised to demonstrate in vivo tumor destruction 
Figure 4.

The ADCC response for most of  the Precision 
monoclonals, range from 50%-70% tumor destruction in 
a 6-8 h. period of  time, at an effector to tumor (E:T) ra-
tio of  80-100:1 to over 90% with monoclonal 31.1. When 
these antibodies are delivered intraperitoneally in the 
animal model following establishment of  tumor growth 
10 d after subcutaneous administration of  10-20 million 
tumor cells in the thigh of  nude mice, more than 50% 

of  the animals were found to have a marked reduction in 
size the tumor mass. This can be seen at 10-15 d after im-
munization. The dosage of  intraperitoneal IgG delivered 
along with human effector cells to assure an optimum 
ADCC response, was found to require approximately 400 
µg in the animal model or an equivalent of  approximately 
400 mg in a 70 kg patient, this represents about 4-5 mg/
kg of  monoclonal antibody delivered at about 1 mg/min.

Considering the lack of  toxicity following Ⅳ adminis-
tration of  our monoclonals in phase Ⅰ FDA therapeutic 
trial, we began phase Ⅱ studies. One of  the problems 
encountered in the original GMP antibody preparation 
for FDA was that NEO-101 mAb was expressed at low 
levels and therefore not suitable for commercial produc-
tion.  Using a newer expression system, we are now able 
to produce the new monoclonal at a significantly higher 
level. Of  interest was that while the sequence of  the new-
ly produced antibody, NEO-102 was virtually unchanged, 
we did see an approximate a definite improvement in 
ADCC as well as improvement in the quality of  staining 
where background staining was virtually eliminated.  This 
new version of  the mAb, NEO-102 is being utilized in 
phase Ⅱ and is being tested in escalating doses. Phase 
Ⅱb has been designed to test the optimum dose of  
NEO-102 in combination with chemotherapy[27].

As mentioned above, the antibodies developed at 
Precision Biologics have their clinical efficacy in their 
capability of  defining the tumor marker expressed in 
the tumor cell as a target for tumor detection as well 
as destruction. In tracing the pattern of  expression of  
these markers, it became readily apparent that they were 
expressed not only in the later stages of  tumor devel-
opment where they could serve as an ideal therapeutic 
target, but at a time when genotypic changes were taking 
place in the normal but transforming cell, as noted above, 
and where the features of  malignancy could not be read-
ily recognized by the pathologist. We are now looking at 
the issue of  Field Effect with regard to the genetic altera-
tions occurring at the time of  tumor induction. As such 
we are attempting to define the extent of  premalignant 
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Figure 3  Reveals expression of tumor antigen in those colonocytes adjacent to the malignant lesion where the colonocytes appear normal by H and E.
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Figure 4  Animal models (nude mice) growing human malignancy to com-
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while the lower animal model having had a much smaller tumor mass at 10 d 
received mAb NPC-1.
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alterations surrounding the primary lesion[28]. 
In terms of  colon cancer, the mechanism for tumor 

induction whether by virus or carcinogen, probably ef-
fects an area in the bowel resulting in a pattern of  geno-
typically altered colonocytes expressing tumor antigen, 
the so called Field Effect as noted above. Within this 
Field, further mutations lead to the eventual appearance 
of  the early polypoid changes that may suppress the ge-
notypically altered surrounding colonocytes. This polyp-
oid lesion then continues with further mutational changes 
leading to the eventual appearance of  an infiltrating colo-
nocytic lesion. Resection of  the polypoid lesion, leaving 
the altered colonocytic field intact, could then result in 
further progression of  cellular changes in the premalig-
nant cells. Such a concept, if  proven correct as per an 
ongoing study at North Shore University Hospital and 
Precision Biologics will assist the pathologist, at the time 
of  bowel resection, to define the extent of  the Field Ef-
fect by immuno histochemistry. 

In our ongoing therapeutic trials, phase Ⅱb is in the 
process of  initiation with the addition of  chemotherapy 
to the therapeutic monoclonals being employed. It is 
generally agreed upon that Immunochemotherapy can 
be more effective than either chemotherapy or immuno-
therapy when employed alone. In general chemotherapy 
can diminish the immune inhibitory effect derived 
from the tumor and enhances the overall therapeutic 
response[29,30]. Finally we have prepared an alpha particle 
labeled NEO-102 monoclonal antibody to be introduced 
at a later date as part of  the overall therapeutic approach 
to tumor control.

The availability of  monoclonals targeting an immu-
nogenic protein expressed in all phases of  colon cancer 
development should be useful for both diagnosis and 
therapy and should have a major impact on how colon 
cancer is treated and the outcome that can be expected.
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Abstract
AIM: To review the clinical trials for the development 
in drugs for chemotherapeutic treatment of colorectal 
cancer (CRC).

METHODS: A systematic review identified random-
ized controlled trials (RCTs) assessing drugs for the 
treatment of CRC or adenomatous polyps from www.
clinicaltrials.gov. Various online medical databases were 
searched for relevant publications.

RESULTS: Combination treatment regimens of stan-
dard drugs with newer agents have been shown to 
improve overall survival, disease-free survival, time 
to progression and quality of life compared to that 
with standard drugs alone in patients with advanced 
colorectal cancer. The FOLFOXIRI regimen has been 
associated with a significantly higher response rate, 
progression-free survival and overall survival compared 
to the FOLFIRI regimen. 

CONCLUSION: Oxaliplatin plus intravenous bolus fluo-
rouracil and leucovorin has been shown to be superior 

for disease-free survival when compared to intravenous 
bolus fluorouracil and leucovorin. In addition, oxaliplatin 
regimens were more likely to result in successful surgi-
cal resections. First line treatment with cetuximab plus 
fluorouracil, leucovorin and irinotecan has been found 
to reduce the risk of metastatic progression in patients 
with epidermal growth factor receptor-positive colorec-
tal cancer with unresectable metastases. The addition 
of bevacizumab has been shown to significantly in-
crease overall and progression-free survival when given 
in combination with standard therapy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Metastasis; Chemothera-
py; 5-fluorouracil; Leucovorin; Epidermal growth factor 
receptor inhibitor

Core tip: A systematic review was undertaken to 
identify randomized controlled trials (RCTs) assessing 
synthetic drugs for the treatment of colorectal cancer 
and/or adenomatous polyps from various medical data-
bases, including clinicaltrials.gov, and a total of around 
2300 RCTs were screened. After reviewing data from 
RCTs of synthetic drugs, alone or in combination with 
biological agents, for the treatment of colorectal cancer, 
it was concluded that combination regimens of stan-
dard chemotherapeutic drugs with new cytotoxic and 
targeted agents have led to an increase in overall and 
progression-free survival and have also contributed to 
increased rates of resectability and improved health-
related quality of life in patients.
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INTRODUCTION
Colorectal cancer (CRC) is a malignant neoplasm arising 
from the lining of  the large intestine (colon and rec-
tum). It is the third most common cancer in males and 
the second in females. Countries such as Australia, New 
Zealand, Canada, the United States and parts of  Europe 
have the highest incidence rates, whereas China, India, 
parts of  Africa and South America have the lowest risk 
of  colorectal cancer in the world[1]. This geographical 
variation in incidence across the world can be attributed 
to differences in the consumption of  red and processed 
meat, fiber and alcohol as well as body weight and physi-
cal activity[2-7]. However, the incidence of  colorectal 
cancer is increasing in Japan and other Asian countries 
as there has been a shift towards westernized diets and 
lifestyles[2]. The survival rate for colorectal cancer var-
ies with stage of  disease at diagnosis and typically varies 
from 90% for cancers detected at the localized stage 
to 10% for distant metastatic cancer. The incidence of  
colorectal cancer has been known to increase with age. 
The likelihood of  colorectal cancer diagnosis increases 
progressively from a younger age (< 40 years) and rises 
sharply after the age of  50 years[8,9]. Several factors such 
as poor quality diets[10], lack of  physical activity, obesity[11], 
cigarette smoking[12] and heavy alcohol consumption[13] 
are associated with an increased risk of  colorectal can-
cer. An individual with a history of  adenomatous polyps 
or inflammatory bowel disease has an increased risk of  
developing colorectal cancer compared to an individual 
with no history of  either[12,14]. 

Colorectal cancer includes malignant growths from 
the mucosa of  the colon and rectum. Cancer cells may 
eventually spread to nearby lymph nodes and subse-
quently to more remote lymph nodes and other organs in 
the body like the liver and lungs, among others. The treat-
ment, prognosis and survival rate largely depends on the 
stage of  disease at diagnosis. Screening for colorectal can-
cer is particularly effective. Screening can prevent cancer 
from occurring as it can detect adenomatous polyps that 
can be successfully removed[15]. Treatment for colorectal 
cancer varies by tumor location and stage at diagnosis. 
Surgical removal of  tumor and nearby lymph nodes is 
the most common treatment for early stage (stage Ⅰ or 
Ⅱ) colorectal cancer. For patients with late-stage disease, 
chemotherapy alone or in combination with radiation 
therapy is often given before or after surgery.

MATERIALS AND METHODS
A systematic review was undertaken to identify random-
ized controlled trials (RCTs) assessing drugs for the treat-
ment of  colorectal cancer and/or adenomatous polyps 
from www.clinicaltrials.gov. Trials with unknown status 
were excluded. The following electronic databases were 
searched for RCTs of  clinical effectiveness: MEDLINE, 
Medline In-Process and EMBASE. A separate literature 
search was undertaken to identify relevant articles from 
various online databases such as PubMed. The search was 

conducted using the following key words and phrases: 
colon cancer, colorectal cancer, clinical trials and drugs in 
colon/colorectal cancer.

RESULTS
The search identified 1663 RCTs of  synthetic drugs, 
alone and/or in combination with biological agents, in-
cluding on-going, completed and suspended/withdrawn/
terminated studies in colorectal cancer.

Fluoropyrimidines
Fluoropyrimidines are anti-metabolite agents widely 
used in the treatment of  various cancers. The principal 
mechanism of  action of  fluoropyrimidines has been con-
sidered to be the inhibition of  thymidylate synthase. The 
response to 5-fluorouracil (5-FU) as a first line mono-
therapy is low, so it is given in combination with other 
cytotoxic agents, like oxaliplatin and irinotecan. 5-FU is 
commonly given either as a bolus injection with leucovo-
rin (folinic acid) or a continuous infusion. While 5-FU 
bolus treatment favors RNA damage, continuous treat-
ment with 5-FU favors DNA damage[16]. 5FU when given 
orally is associated with unpredictable levels in the plasma 
with extensive interpatient and intrapatient variability[17]. 
The primary cause of  variability in plasma levels is the 
extensive first pass metabolism of  the drug in the gut 
wall and liver. It was also thought to result from its erratic 
intestinal absorption due to a difference in concentration 
of  dihydropyrimidine dehydrogenase or DPD (rate-limit-
ing enzyme involved in 5-FU metabolism) in the mucosa. 
This problem can be overcome by administration of  a 
fluorouracil that is not catabolized by DPD[18] and the 
coadministration of  oral fluorouracil with an inhibitor of  
DPD[19]. Prodrugs of  5-FU are absorbed intact through 
the gastrointestinal mucosa and undergo enzymatic acti-
vation by one or more enzyme systems to release 5-FU 
intracellularly.

Multi-drug chemotherapy
The Gruppo Oncologico Nord Ovest (GONO) con-
ducted a phase Ⅲ study involving 244 patients with pre-
viously untreated metastatic CRC, comparing fluoroura-
cil, leucovorin, oxaliplatin and irinotecan (FOLFOXIRI) 
with infusional fluorouracil, leucovorin and irinotecan 
(FOLFIRI). The results of  the study demonstrated that 
the FOLFOXIRI regimen was associated with a signifi-
cantly higher response rate, progression-free survival and 
overall survival compared to the FOLFIRI regimen[20]. In 
a phase Ⅱ study of  44 patients with unresectable meta-
static colorectal cancer, neoadjuvant chemotherapy with 
fluorouracil, leucovorin and oxaliplatin (FOLFOX4) was 
associated with a high response rate, thus allowing for 
successful resection of  disease in a portion of  patients[21]. 

Oxaliplatin is a diaminocyclohexane platinum com-
pound that acts by impairing DNA replication and 
induces cellular apoptosis[22,23]. In the National Surgical 
Adjuvant Breast and Bowel Project C-07 trial involving 
2409 patients, oxaliplatin plus intravenous bolus fluo-
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rouracil and leucovorin was superior for disease-free 
survival (HR = 0.82; 95%CI: 0.72-0.93; P = 0.002) when 
compared to intravenous bolus fluorouracil and leucovo-
rin. Treatment with oxaliplatin significantly improved 
overall survival in patients younger than 70 (HR = 0.80; 
95%CI: 0.68-0.95; P = 0.013), while no positive effect 
was evident in older patients. In this study, treatment with 
oxaliplatin in patients > 60 years and females was associ-
ated with increased incidence of  bowel wall injury[24]. In 
another trial involving 2246 patients who had undergone 
curative resection for stage Ⅱ or Ⅲ colon cancer, the rate 
of  disease-free survival at three years was 78.2% (95%CI: 
75.6-80.7) in the group given fluorouracil and leucovorin 
(FL) plus oxaliplatin and 72.9% (95%CI: 70.2-75.7) in the 
FL group[25]. In the National Cancer Institute-sponsored 
trial N9741 involving 1508 patients with locally advanced 
or metastatic colorectal cancer, oxaliplatin plus fluoro-
uracil and leucovorin (FOLFOX4) was found to be more 
likely to produce a complete response than treatment 
with irinotecan plus fluorouracil and leucovorin (IFL) or 
irinotecan plus oxaliplatin (IROX). In addition, oxalipla-
tin regimens were more likely to result in successful surgi-
cal resections[26]. However, severe gastrointestinal toxicity 
and high mortality rates were observed with combination 
regimens containing daily bolus 5-FU/LV and oxaliplatin 
or irinotecan[27].

Irinotecan, a semisynthetic derivative of  the natural 
alkaloid camptothecin, acts by inhibiting the action of  
topoisomerase I. Although in a previous study combina-
tion treatment with irinotecan plus weekly bolus IFL had 
proven superior to fluorouracil and leucovorin in patients 
with metastatic CRC[28], it did not result in a statistically 
significant improvement in either disease-free or overall 
survival in patients with stage Ⅲ colon cancer[29]. In a 
phase Ⅰ/Ⅱ study involving 23 patients with metastatic 
colorectal cancer, treatment with capecitabine plus oxali-
platin and irinotecan was well tolerated and the recom-
mended daily dose of  capecitabine was 1400 mg/m2[30].

Capecitabine
Capecitabine, an oral prodrug of  doxifluridine (prodrug 
of  5-FU), is absorbed through the gastrointestinal mu-
cosa[18].  Oral capecitabine in combination with intrave-
nous irinotecan was an active regimen in a phase Ⅱ study 
involving 65 patients with previously untreated metastatic 
colorectal cancer[31]. A Dutch Colorectal Cancer Group 
(DCCG) phase Ⅲ trial involving 820 patients with ad-
vanced colorectal cancer evaluated sequential versus com-
bination chemotherapy with a fluoropyrimidine, irinote-
can and oxaliplatin. In the DCCG trial, capecitabine plus 
irinotecan appeared to be a feasible first-line treatment; 
however, combination treatment did not significantly im-
prove overall survival compared to the sequential use of  
cytotoxic drugs in advanced CRC[32,33]. In a Roswell Park 
Cancer Institute phase Ⅰ/Ⅱ study involving 25 patients 
with stage Ⅱ or Ⅲ rectal cancer, weekly intravenous ox-
aliplatin with daily oral capecitabine and radiotherapy was 
associated with a greater rate of  pathological responses 
and demonstrated to be an effective neoadjuvant combi-

nation[34]. Capecitabine when administered in combina-
tion with perifosine showed promising clinical activity 
compared with single agent chemotherapy in a phase Ⅱ
RCT involving 381 patients with previously untreated 
metastatic CRC[35]. Results of  a phase Ⅱ study involving 
146 patients with Stage T3 or T4 rectal cancer who re-
ceived preoperative chemoradiotherapy with capecitabine 
plus oxaliplatin demonstrated significant clinical activity 
and acceptable toxicity[36]. This regimen is currently being 
evaluated in a phase Ⅲ randomized trial.

Ftorafur (tegafur) is a prodrug which is coadminis-
tered with an inhibitor of  DPD (uracil). Coadministra-
tion allows for better bioavailability and uniform absorp-
tion[37]. In a RCT of  1608 patients, uracil/ftorafur (UFT) 
was associated with a higher convenience of  care; thus, 
patients perceived adjuvant treatment with UFT plus leu-
covorin as more convenient than standard Ⅳ treatment 
with fluorouracil and leucovorin[38]. However, both thera-
pies achieved similar disease-free and overall survival[39]. 
In the adjuvant treatment of  610 patients with stage Ⅲ 
colon or rectal cancer, postoperative treatment with UFT 
was successfully tolerated and improved relapse-free and 
overall survival in patients with rectal cancer; however, 
the expected benefits were not observed in colon cancer 
(HR = 0.89)[40]. In a phase Ⅱ RCT involving 58 elderly 
patients (range, 75 to 90 years) (range, 75 to 90 years) 
with measurable disease and no prior chemotherapy for 
metastatic disease, the UFT plus leucovorin regimen was 
moderately well tolerated and its activity was comparable 
to intravenous fluorouracil plus leucovorin, although 
there was increased GI toxicity in most patients[41,42]. 

Epidermal growth factor receptor inhibitors
Epidermal growth factor receptor (EGFR), a 170 kD 
transmembrane glycoprotein, is a member of  the tyrosine 
kinase receptor family, ErbB. It is known to be overex-
pressed in malignancies of  multiple tissues, including 
those of  the colon, breast, lung and head and neck[43]. 
EGFR acts by affecting cell proliferation and survival 
and therefore has been known to contribute to metastatic 
progression[44]. Anti-EGFR therapies include monoclonal 
antibodies to EGFR and tyrosine kinase inhibitors.

In a multicenter phase Ⅱ trial of  74 patients with 
metastatic colorectal cancer, cetuximab seemed to 
positively interact with oxaliplatin and capecitabine[45]; 
however, its correct use in first-line treatment needs to 
be assessed in phase Ⅲ trials. In another phase Ⅱ study 
of  344 patients with metastatic colorectal cancer, cetux-
imab in combination with fluorouracil, leucovorin and 
oxaliplatin (FOLFOX4) demonstrated a higher overall 
response rate (46% vs 36%)[46] and significantly improved 
progression-free survival (HR = 0.567, P = 0.0064) com-
pared to FOLFOX4 alone[47]. First line treatment with 
cetuximab plus fluorouracil, leucovorin and irinotecan 
was found to reduce the risk of  metastatic progression in 
a Phase Ⅲ study of  1198 patients with epidermal growth 
factor receptor-positive colorectal cancer with unresect-
able metastases[48]. A significant increase in resectability 
was demonstrated by cetuximab in a phase Ⅱ study of  
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colorectal cancer, clinicians and researchers still face chal-
lenges in the detection and management of  the disease. 
Further clarification of  the pathology of  colorectal can-
cer at the molecular level may improve treatment options. 
The ultimate goal of  scientists and clinicians in the field 
of  cancer research is aimed not only at long-term survival 
of  patients with this condition but also improvement of  
health-related quality of  life. Pharmacological treatment 
of  colorectal cancer has increased the rate of  survival. 
While incorporation of  new cytotoxic drugs and targeted 
agents has widened the treatment options for patients 
with metastatic colorectal cancer, combination regimens 
of  standard chemotherapeutic drugs with newer agents 
have led to an increase in overall as well as progression-
free survival. These newer combination regimens have 
contributed to increased rates of  resectability in patients 
with potentially resectable tumors as well as improved 
health-related quality of  life. Technology has improved 
the precision of  radiation delivery to deep seated tumors. 
In order to gain the most benefit from these newer che-
motherapeutic regimens and technologies, it is imperative 
to incorporate well-designed, multicenter studies with 
internationally standardized detection protocols in clini-
cal trials with close collaboration between researchers and 
clinicians to cope with the vast quantity of  data generated.
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Abstract
AIM: To give a comprehensive review of current litera-
ture on robotic rectal cancer surgery.

METHODS: A systematic review of current literature 
via  PubMed and Embase search engines was per-
formed to identify relevant articles from january 2007 
to november 2013. The keywords used were: “robotic 
surgery”, “surgical robotics”, “laparoscopic computer-
assisted surgery”, “colectomy” and “rectal resection”. 

RESULTS: After the initial screen of 380 articles, 20 pa-
pers were selected for review. A total of 1062 patients 
(male 64.0%) with a mean age of 61.1 years and body 
mass index of 24.9 kg/m2 were included in the review. 

Out of 1062 robotic-assisted operations, 831 (78.2%) 
anterior and low anterior resections, 132 (12.4%) in-
tersphincteric resection with coloanal anastomosis, 98 
(9.3%) abdominoperineal resections and 1 (0.1%) Hart-
mann’s operation were included in the review. Robotic 
rectal surgery was associated with longer operative time 
but with comparable oncological results and anastomotic 
leak rate when compared with laparoscopic rectal surgery. 

CONCLUSION: Robotic colorectal surgery has con-
tinued to evolve to its current state with promising re-
sults; feasible surgical option with low conversion rate 
and comparable short-term oncological results. The 
challenges faced with robotic surgery are for more high 
quality studies to justify its cost.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Rectal cancer; Robotics; Minimal invasive 
surgery; Systematic review; Rectal surgery

Core tip: This systematic review summarizes current 
evidence on the role of robotic surgery for the treat-
ment of rectal cancer. It is a timely article as minimal 
invasive surgery has proven to benefit patients with 
colonic cancers but conventional laparoscopic surgery 
for the treatment for rectal cancer remains controver-
sial due to its steep learning curve. Robotic-assisted 
surgery has technological advances, which may have 
the potential to overcome some of the limitations of 
conventional laparoscopic surgery.
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INTRODUCTION
Minimally invasive surgery over the past two decades 
has revolutionised surgical management of  colorectal 
cancers. Despite its initial scepticism, various randomised 
controlled trials have now demonstrated its short-term 
and long-term benefits over conventional open surgery 
in the treatment of  colonic cancer such as faster recov-
ery, decreased morbidity and reduced hospital length 
of  stay with comparable oncological result and survival 
outcome[1-4]. However, laparoscopic colorectal surgery 
has limitations. These concerns were high-lighted not 
only by the high conversion rate but also the initially high 
proportion of  circumferential resection margin (CRM) 
positive rates in the medical research council colorectal 
cancer (MRC-CLASICC) trial for laparoscopic rectal 
surgery[5]. The ability to perform total mesorectal exci-
sion (TME) laparoscopically requires intensive training. 
Limitations of  conventional laparoscopic surgery include: 
2-dimension view, unstable assistant controlled camera, 
poor ergonomics, straight tip instruments, fulcrum effect 
and enhanced tremor effect.

Various attempts have been made to seek alternative 
techniques to overcome some of  these limitations. For 
example, single incision laparoscopic surgery has reduced 
the number of  incisions and ports required for minimal 
invasive colonic surgery producing a better cosmetic re-
sult and reduction in wound pain[6]. Natural orifice trans-
lumenal endoscopic surgery (NOTES) aims to eliminate 
external incision by gaining access using the transvaginal, 
transgastric, transvesical and transrectal approach, which 
has been shown to be feasible on animal models[7-9]. 
However, there are still many hurdles in NOTES (e.g., 
determining a safe access into the peritoneal cavity, devel-
oping a reliable method on the closure of  viscotomy, mi-
nimising the infection and tumour seedling risk, develop-
ing a stable and versatile platform for suturing, managing 
complications from NOTES and training issues), which 
need to be addressed before its routine application on 
Human subjects. 

The da Vinci® robot is the first robotic surgical sys-
tem approved by the United States Food and Drug Ad-
ministration in 2000. It has evolved from its first genera-
tion robot in 1999, the da Vinci standard®, to the current 
third generation da Vinci-Si HD®, which was launched 
in 2009. The da Vinci Si-HD® has features such as: (1) 
dual operating console capability for combined operating 
and training; (2) enhanced operator-controlled 3D high-
definition vision; (3) endowrist™ technology allowing 
7 degrees of  freedom intra-abdominally; and (4) tremor 
elimination with improved dexterity. Weber et al[10] and 
Hashizume et al[11]  first performed colorectal robotics 
surgery in 2002[10,11]. Prior to this, robotic surgery was al-
ready successfully performed on cardiothoracic, urologi-
cal and general surgical[12-14] patients. 

Robotic rectal surgery has potential advantages over 
conventional laparoscopic rectal surgery: Surgeon mo-
tion filter for tremor-free surgery, high definition three-
dimensional images, surgeon control camera on a stable 

platform and increased degree of  freedom of  the operat-
ing instruments. The master and slave system allows im-
proved ergonomics for the surgeon. As the surgical field 
mainly confines to the pelvic cavity, it allows a stable plat-
form for precision surgery to be performed in a confined 
space. For the above reasons, robotic technology may be 
more suitable and may translate more benefits when used 
for rectal cancers than colonic cancers. 

Several review articles have attempted to summarize 
up-to-date practice and results of  robotic colorectal 
surgery. However some studies included data from both 
robotic colonic and rectal resections, which may not give 
a focused overview of  the benefits and risks of  robotic 
rectal surgery[15-17]. Other studies included more than one 
study from the same institute with overlapping period of  
assessment, which may cause duplication of  results[15,18]. 
Although meta-analysis of  robotic rectal resection 
have been published, studies included were from non-
randomised studies[19,20]. Hence we feel that an up-to-date 
systematic review on robotic rectal surgery is most ap-
propriate and warranted.

This article aims to compare robotic-assisted rectal 
surgery with conventional laparoscopic rectal surgery for 
patients with rectal cancers. The current status of  robotic 
rectal surgery focusing on its efficacy, feasibility and on-
cological safety will also be discussed.

MATERIALS AND METHODS
Two reviewers independently (T.M. and K.F.) performed 
a literature search via PubMed, Google Scholar, Cochrane 
Library and Embase database during the period between 
January 2007 to November 2013. Search terms such as 
“robotic surgery”, “surgical robotics”, “laparoscopic 
computer-assisted surgery” and “rectal resection” were 
used. Only english language published studies were con-
sidered. In addition, the reference lists of  selected articles 
were searched manually. Abstract publications from con-
ferences were excluded from this review. Published data 
from robotic rectal surgery using the Da Vinci® Surgical 
System (Intuitive Surgical, Mountain View, Sunnyvale, 
CA, United States) were only included in order to reduce 
clinical heterogeneity and the authors recognise that cur-
rently it is the only operating system available.

Inclusion criteria for search include randomised and 
non-randomised controlled trials, comparison studies, 
case series and case report. The target population consists 
of  patients aged > 18 years with histologically proven 
rectal cancers.

This systematic review was conducted according to 
a guidance from the Centre for Reviews and Dissemina-
tion[21] and the Cochrane Handbook[22]. The review is re-
ported in line with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses statement[23]. Selected 
articles were screened independently by two reviewers for 
bias using The Cochrane Collaboration’s tool for assess-
ing risk of  bias[22].

Two reviewers (T.M and K.F.) extracted data from the 
manuscripts of  selected articles including the study de-
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sign, patient demographics, clinical characteristics, site of  
malignancy, types of  intervention, peri-operative details, 
pathological results, and post-operative outcomes. 

RESULTS
After the initial screen of  380 articles, 60 articles met 
the predefined inclusion criteria. 15 articles with insepa-
rable data from colonic cancers, 15 articles with benign 
colorectal disease and 10 articles from the same institutes 
with overlapping study period were excluded to avoid du-
plication. 20 studies were selected for review, which com-
prised of: 13 comparison studies and 7 case series (Figure 
1). A large proportion of  these studies came from South 
Korea[24-31] (40.0%) followed by United States[32-36] (25.0%), 
Italy[37-39] (15.0%), Singapore[40,41] (10.0%) and Turkey[42] 
(5.0%) and Romania[43] (5.0%) (Table 1).

Surgical technique
There are generally two recognised techniques for Ro-
botic Rectal surgery; the hybrid technique or the total 
robotic technique. The hybrid technique involves a 
combination of  laparoscopic and robotic techniques 
to be used in different stages of  the operation. The ad-
vantage of  this method allows a shorter operative time, 
in particular for rectal cancer operation where the left 
colon and splenic flexure are mobilised by conventional 
laparoscopic technique followed by the robotic pelvic dis-
section[24,27,31,33,34,36-38,40]. Total robotic technique allows the 
entire operation to the carried out robotically which can 

either be via: (1) single docking technique- which only re-
quires one docking of  the robotic cart with repositioning of  
the robotic arms according to the operative field[25,26,28,39,41,42]; 
or (2) dual docking technique which requires the operat-
ing table to be positioned twice to the desired operative 
field[30]. Amongst the selected articles, there was 8 Hybrid, 
7 Total robotic, 4 combinations of  hybrid and total ro-
botic and 1 reverse-hybrid techniques.  Study from Park et 
al[35] reported a reverse-hybrid whereby robotic lympho-
vascular (inferior mesenteric artery) and pelvic dissection 
is performed before laparoscopic mobilisation of  left 
colon and splenic flexure mobilisation.

Clinical outcomes
Patient demographics: A total of  1062 patients were 
included in the study.  The mean age was 61.1 years and 
64.0% were male. The average Body mass index BMI 
was 24.9 kg/m2. Out of  1062 robotic-assisted operations, 
there were 831 (78.2%) anterior and low anterior resec-
tions, 132 (12.4%) intersphincteric resection with colo-
anal anastomosis, 98 (9.3%) abdominoperineal resections 
and 1 (0.1%) Hartmann’s operation.  

Operative procedures: The review identified 1062 
and 706 robotic and laparoscopic rectal operations re-
spectively (Table 2). Mean operation time in the robotic 
group was 281.8 min (range, 180.0-528.0) compared with 
the laparoscopic group 242.6 min (range, 158.1-344.0).  
7 out of  the 11 comparison studies found robotic rectal 
surgery to have a significantly longer operative time when 
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0% to 8.0% compared to 1.8% to 22% in the laparo-
scopic group. Both groups cited reasons for conversion 
such as obesity, difficulty anatomy, bulky tumour, narrow 
pelvis, adhesions from previous surgery, equipment mal-
function and intra-operative complications (e.g., massive 
bleeding, rectal perforation). In 10 comparison studies, 
there were no conversions in the robotic group when 

compared to the laparoscopic surgery[25,27,29-31,36,42]. The re-
maining 4 studies found laparoscopic rectal surgery to be 
longer but none were statistically significant[24,34,37,39]. Most 
authors identified the longer time taken with robotic sur-
gery to be due to docking and changing of  the robotic 
arms. 

Conversion rates for the robotic group ranges from 

187

  Ref. Country Year Study type No. of 
robotic 
patients

Gender 
M:F

Mean 
age 
(yr)

BMI 
(kg/m2)

Robotic 
Technique

Type of operation
AR/
LAR

ISR APR Hartmann's 
operation

  Baik et al[24] South Korea 2009 Comparison     56   37:19 60.0 23.4 Hybrid   56 - - -
  Ng et al[40] Singapore 2009 Case Series       8   5:3  55.01 - Hybrid     8 - - -
  Patriti et al[37] Italy 2009 Comparison     29   11:18 68.0 24.0 Hybrid   19 5   5 -
  Bianchi et al[38] Italy 2010 Comparison     25 18:7 69.0 24.6 Total/hybrid   18 -   7 -
  Pigazzi et al[32] United States, Italy  2010 Case Series   143   87:56 62.0 26.5 Total/hybrid   80 32 31 -
  Zimmern et al[33] United States 2010 Case Series     58   34:24 60.9 27.5 Hybrid   47 - 11 -
  Baek et al[34] United States 2011 Comparison     41   25:16 63.6 25.7 Hybrid   33 2   6 -
  Koh et al[41] Singapore 2011 Case Series     20 13:8 61.0 23.8 Total   19 -   1 -
  Kwak et al[25] South Korea 2011 Comparison     59   39:20  60.01 23.3 Total   54 5 - -
  Leong et al[26] South Korea 2011 Case Series     29 23:6  61.51 23.3 Total - 29 - -
  Park et al[27] South Korea 2011 Comparison     52   28:24 57.3 23.7 Hybrid   52 - - -
  Kim et al[28] South Korea 2012 Comparison   100   71:29 57.0 24.0 Total 100 - - -
  Park et al[35] United States 2012 Case Series     30   16:14  58.01 27.6 Reverse-hybrid     5 19   6 -
  Shin et al[29] South Korea 2012 Comparison     17 - - - Total/hybrid   17 - - -
  Erguner et al[42] Turkey 2013 Comparison     27   14:13 54.0 28.3 Total   27 - - -
  Kang et al[30] South Korea 2013 Comparison   165 104:61 61.2 23.1 Total 164 - - 1
  Park et al[31] South Korea 2013 Comparison     40   28:12 57.3 23.9 Hybrid - 40 - -
  Stanciulea et al[43] Romania 2013 Case Series   100   66:34 62.0 26.0 Total/Hybrid   77 - 23 -
  D’Annibale et al[39] Italy 2013 Comparison     50   30:20 66.0 - Total     502 - - -
  Fernandez et al[36] United States 2013 Comparison     13 13:0 67.9 - Hybrid     5 -   8 -
  Total 1062   680:382 61.1 24.9 831 132 98 1

Table 1   Characteristics of studies on robotic rectal surgery

1median value; 2TME: Paper did not specify operation. AR: Anterior resection; LAR: Low anterior resection; ISR: Intersphincteric resection; APR: Abdomi-
noperineal resection.

  Ref. No. of 
patients

Conversion 
(%)

Mean OR time 
(min)

Blood loss (mL) Overall post-op 
morbidity (%)

Anastomotic 
leak (%)

Erectile 
dysfunction 

(%)

Voiding 
dysfunction 

(%)

LOS (d)

Rob Lap Rob Lap Rob Lap Rob Lap Rob Lap Rob Lap Rob Lap Rob Lap Rob Lap
  Baik et al[24]   56 57 0 10.5 190.1 191.1 - - 10.7 19.3   1.8   7.0 - - - - 5.7    7.6
  Ng et al[40]     8 NA 0 NA 193.8 NA min NA 12.5 NA 0 NA - - - -   5.0 NA
  Patriti et al[37]   29 37 0 18.9 202.0 208.0 137.0 127.0 26.0 32.8   6.8   2.7   5.5 16.6 - - 11.9   9.6
  Bianchi et al[38]   25 25 0 4.0 240.0 237.0 - - 16.0 24.0   4.0   8.0 - - - -   6.5   6.0
  Pigazzi et al[32] 143 NA    4.7 NA 297.0 NA min NA 41.3 NA 10.5 NA - - - -   8.3 NA
  Zimmern et al[33]   58 NA    3.7 NA 338.0 NA 232.0 NA 25.9 NA   3.4 NA - - - -   6.0 NA
  Baek et al[34]   41 41    7.3 22.0 296.0 315.0 - - 22.0 26.8   7.3   2.4 - - - -   6.5   6.6
  Koh et al[41]   20 NA 0 NA 306.0 NA - - 23.8 NA 0 NA - - - -   6.4 NA
  Kwak et al[25]   59 60 0 3.4 270.0 228.0 - - 32.2 26.7 13.6 10.2 - - - - - -
  Leong et al[26]   29 NA 0 NA 325.0 NA - - 37.9 NA 10.3 NA - - - -  9.01 NA
  Park et al[27]   52 123 0 0 232.6 158.1 - - 19.2 12.2   9.6   5.6 - - 0 1.6 10.4   9.8
  Kim et al[28] 100 NA 0 NA 188.0 NA - - 11.0 NA   2.0 NA 36.6 NA 6.0 NA   7.1 NA
  Park et al[35]   30 NA 0 NA 369.0 NA 100.0 NA 36.7 NA   4.2 NA 0 NA 0 NA    4.01 NA
  Shin et al[29]   17 12 0 1.0 396.5 298.8 188.8 229.2  16.72  20.02 0 0 - - 1.0 2.0 10.7   9.6
  Erguner et al[42]   27 37 0 0 280.0 190.0   50.0 125.0 11.1 21.6 0   8.1 0 2.7 - -   4.0   5.0
  Kang et al[30] 165 165    0.6 1.8 309.7 277.8 133.0 140.1 20.6 27.9   7.3 10.8 - - 2.4 4.2 10.8 13.5
  Park et al[31] 40 40 0 0 225.0 183.7   45.7   59.2 15.0 12.5   7.5   5.0 A A A A 10.6 11.3
  Stanciulea et al[43] 100 NA    4.0 NA 180.01 NA  150.01 NA 30.0 NA   9.0 NA   3.8 NA 7.7 NA  10.01 NA
  D’Annibale et al[39]   50 50 0 12.0 270.01 280.01 - - 10.0 22.0 10.0 22.0   5.6 56.5 A A    8.01 10.01

  Fernandez et al[36]   13 59    8.0 17.0 528.01 344.0 157.01 200.0 - - 20.0   7.0 - - - -    13.01    8.01

Table 2  Perioperative and postoperative outcomes

1Median; 2Overall figures for colorectal resections (not just rectal). OR: Operating room; LOS: Length of stay; A: Erectile and voiding dysfunction was as-
sessed and scored with the International Index of Erectile Function score and/or the International Prostate Symptom score respectively; NA: Not available.
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compared to the laparoscopic group[24,25,27-29,31,37-39,42]. 
Intraoperative blood loss was compared in 6 studies 

in this review[29-31,36,37,42]. Five studies found the laparo-
scopic group had more blood loss when compared to the 
robotic group but only two of  these studies were found 
to be statistically significant[29,42].

Post-operative outcome
The overall post-operative morbidity in both groups 
was found to be similar with median of  20.0% (range 
10.7%-41.3%) in the robotic group compared with 22.3% 
(range 12.2%-32.8%) in the laparoscopic group (Table 2). 
These include anastomotic leak, chest infection, urinary 
tract infection, postoperative ileus, urinary retention, 
DVT, wound dehiscence and intra-abdominal collection. 
Anastomotic leak was also assessed separately as it car-
ries a significant morbidity and mortality.  It has been 
postulated that with the advanced technology, robotic 
assisted surgery may reduce its incidence with better op-
erative vision and a more precise dissection technique. 
In this review, median anastomotic leak rate was found 
to be similar with mean of  6.4% (range, 0%-20.0%) in 
robotic group compared to 7.4% (range, 0%-22.0%) in 
laparoscopic group. Preservation of  the pelvic autonomic 
nerves during pelvic surgery is important in order to 
prevent erectile and voiding dysfunctions. In this review, 
7 studies[28,31,35,37,39,42,43] assessed erectile dysfunction and 
found the incidence of  complication ranged from 0% to 
36.6% in the robotic group compared to 2.7% to 56.5% 
in the laparoscopic group. Four of  these papers were 
comparative studies, where Patriti et al[37] found a higher 
proportion of  erectile dysfunction in the laparoscopic 

group (16.6% vs 5.5% respectively) but this was not sig-
nificant. Two papers reported sexual and voiding function 
using the International Index of  Erectile Function score 
(IIEF-5) and the International Prostate Symptom score 
respectively[31,39]. In the study by Park et al[31], patients 
were asked to complete the questionnaires preoperatively, 
3 and 6 mo postoperatively. In terms of  erectile dysfunc-
tion, the laparoscopic group had a significantly higher 
incidence than the robotic group. The robotic group also 
shown a faster rate of  improvement when assessed at 
3 and 6 mo. However there was no difference found in 
terms of  voiding function. D’Annibale et al[39] reported 
1-year follow-up assessment of  erectile dysfunction and 
found a significant proportion of  sexually active patients 
in the laparoscopic group (13 out of  23; 56.5%) reported 
erectile dysfunction when compared with the robotic 
group (1 out of  17; 5.6%). However this result may need 
to be interpreted with caution as there were a high non-
participation rate in the 30 patients selected in each group 
(laparoscopic group = 23.3% vs robotic assisted group = 
40.0%).

Length of  stay found the median stay of  7.1 d (range 
4-13.0 d) in the robotic procedures compared with me-
dian of  9.6 d (range 5-13.5 d) performed by the laparo-
scopic procedures. Only 2 out of  11 studies showed sig-
nificantly shorter hospital stay in the robotic group[24,30].

Oncological outcome
Robotic rectal surgery achieved comparable results with 
laparoscopic surgery in terms of  percentage of  CRM 
positivity, mean distal resection margin (Table 3). All 
studies documented that rectal cancer patients who 
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  Ref. No. of 
patients

Mean follow-up 
(mths)

NeoCRT (%) Lymph nodes 
harvested (mean)

TME grade 
complete (%)

CRM +ve 
(%)

DRM (cm) Robotic 
Recurrence (%)

3 yr Robotic 
Survival (%)

Rob Lap Rob Lap Rob Lap Rob Lap Rob Lap Rob Lap Rob Lap DS OS
  Baik et al[24]   56   57 14.3 (both)   8.9   12.2 18.4 18.7   92.9 75.4    7.1    8.8   4.0 3.6 - -   7.6
  Ng et al[40]     8 NA      1.5 NA - - 12.9 NA - - 0 NA > 2.0 NA - - NA
  Patriti et al[37]   29   37   29.2 18.7 24.1     5.4 10.3 11.2 - - 0 0     2.1 4.5 None 100.0   9.6
  Bianchi et al[38]   25   25 10.0 (both) 52.0   40.0 19.7 18.2 - - 0    4.0     2.0 2.0 None -   6.0
  Pigazzi et al[32] 143 NA    17.4 NA 65.1 - 14.1 NA - -    0.7 NA     2.9 NA 1.5   77.6 NA
  Zimmern et al[33]   58 NA   13.2 NA 39.7 NA 14.1 NA - - 0 NA - - 5.2 - NA
  Baek et al[34]   41   41 - - 80.5   43.9 13.1 16.2 - -    2.4    4.9     3.6 3.8 - -   6.6
  Koh et al[41]   20 NA - -   9.5 NA 17.8 NA - -    5.3 -     3.7 - - - NA
  Kwak et al[25]   59   60   17.0 13.0 13.6     8.5 20.0 21.0 - -    1.7 0 - - - - -
  Leong et al[26]   29 NA - - 37.9 NA 16.0 NA - -    7.0 NA     0.8 NA - - NA
  Park et al[27]   52 123 - - 23.1     8.1 19.4 15.9 - -    1.9     2.4    2.8 3.2 - -   9.8
  Kim et al[28] 100 NA   24.0 NA 32.0 NA 20.0 NA - -    1.0 NA     2.7 NA - - NA
  Park et al[35]   30 NA - - 66.7 NA 20.0 NA   83.3 NA 0 NA - - - - NA
  Shin et al[29]   17   12 - - - -  18.42  15.92 - - - - - - - -   9.6
  Erguner et al[42]   27   37 - - 14.8   21.6 16.0 16.0 100.0 70.6 0 0     4.0 4.0 - -   5.0
  Kang et al[30] 165 165  22.41 (both) 23.6   21.8 15.0 15.6 - -    4.2     6.7     1.9 2.0 - - -
  Park et al[31]   40   40     6.0 6.0 80.0 50 12.9 13.3 - -    7.5     5.0     1.4 1.3 - - -
  Stanciulea et al[43] 100 NA   24.01 NA 58.0 NA  14.01 NA - -    1.0 -     3.0 - 2.0 NA 90.0
  D’Annibale et al[39]   50   50   12.0 12.0 68.0   56.0 16.5 13.8 - - 0 0   3.0 3.0 - - -
  Fernandez et al[36]   13   59 - - 77.0   54.0 16.0 20.0   69.0 73.0 0    2.0 - - - - -

Table 3  Oncological outcomes

1Median; 2Overall figures for colorectal resections (not just rectal). Rob: Robotic-assisted surgery; Lap: Conventional laparoscopic surgery; NeoCRT: Neo-
adjuvant chemoradiotherapy; TME: Total mesorectal excision; CRM: Circumferential resection margin; DRM: Distal resection margin; DS: Disease free sur-
vival; NA: Not available.
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were preoperatively diagnosed to have T3 or T4 tu-
mour +/- lymph node invasion were given neoadjuvant 
chemoradiotherapy. Percentage of  patients who received 
neoadjuvant chemoradiotherapy was documented in 11 
comparative studies, varying from 8.9% to 80.5% in the 
robotic group compared with 5.4% to 56.0% in the lapa-
roscopic group[24,25,30,31,34,36-39,42]. The quality of  the TME 
was also assessed. Two studies comparing TME quality 
after robotic and laparoscopic dissection found the for-
mer to be significantly superior[24,42] whereas the study by 
Fernandez et al[36] found the laparoscopic group to be su-
perior but this was not statistically significant. The studies 
showed there was minimal difference between the num-
ber of  lymph nodes retrieved with robotic assisted (range, 
10.3 to 20.0) and laparoscopic rectal resection (range, 
11.2 to 21). Recurrence of  cancer from 6 studies ranged 
from no recorded recurrence to 5.5%. In a study by 
Kwak et al[25], there were no significant differences found 
between the robotic-assisted group and laparoscopy as-
sisted group in terms of  loco-regional recurrence, distant 
metastasis and total recurrence. Three-year disease free 
survival ranges from 77.6% to 100% with overall survival 
between 90% to 97%.  The study by Kang et al[30] found 
no difference in 2-year survival between robotic assisted 
group (83.5%), laparoscopy group (81.9%) and open sur-
gery (79.7%) (P = 0.855).

Learning curve
Within the selected articles, there were only 3 papers 
which looked into learning curve for robotic rectal sur-
gery[31,32,39]. Pigazzi et al[32] found operative time decreased 
significantly after 20 cases.  With intersphincteric resec-
tions, Park et al[31] found the learning curve plateau after 
17 cases by using the moving average method. In one 
paper the author’s opinion was that the numbers of  
cases require for learning can be as low as two cases if  
performed by an already skilled laparoscopic surgeon[38]. 
D’Annibale et al[39] found mean operative time decreased 
from 312.5 min in the first 25 procedures to 238.2 min 
in the last 10 procedures (P = 0.002).  Following cusum 
analysis, this study showed that learning curve in robot 
group was achieved after 22 cases[39].

Cost
A review of  the selected articles found four studies, 
which looked into the cost of  robotic surgery (Table 4). 
In two of  the studies, the cost of  robotic rectal surgery 
was estimated to be three times more expensive than lap-

aroscopic rectal surgery[25,26]. The remaining two studies 
found also robotic rectal surgery to be more expensive 
when compared to laparoscopic and open rectal surgery 
but the figures in these studies did not show statistical 
significance[28,34]. Authors also highlighted the fact that the 
provision of  health is different between countries such as 
in South Korea.

DISCUSSION
This systematic review suggests robotic-assisted surgery 
to be feasible and safe. We have selected 20 articles for 
review out of  380 articles, which met our selection crite-
ria. We deliberately set the inclusion period to be within 
the past 6 years as it will exclude small case series where 
authors may not have attained the desired learning curve 
and also a more recent data-set may give a more accurate 
reflection of  the current practice and capability of  the da 
Vinci robotic systems.

Previous systematic reviews have reported similar 
outcomes to our study[15,16,18]. They concluded robotic-as-
sisted rectal surgery to be feasible and safe. Similar to our 
review, conversion rates tend to be lower in the robotic-
assisted group when compared to the laparoscopic group. 
This may have important implications as converted cases 
are associated with greater morbidity and tumour recur-
rence[3]. Many authors identified lower conversion rates in 
the robotic group to be associated with superior visuali-
sation, better exposure and endowrist™ technology. 

In our review we found overall complication rates 
between robotic and laparoscopic group to be similar. 
These perceived advantages also did not translate to low-
er anastomotic leaks in the robotic group, which may be 
due to the fact that the aetiology for anastomotic leak is 
multifactorial (e.g., patient nutrition, underlying comorbid-
ity, neoadjuvant chemoradiotherapy, surgical technique, 
blood supply, tension to anastomosis, etc.) and therefore 
an adequately powered study is required. Intraoperative 
blood loss only resulted in two studies, which found lapa-
roscopic group to have a statistically greater blood loss 
than the robotic group[29,42].

The short-term oncological outcome using con-
ventional surgical yardsticks for rectal cancer dissection 
seems to be comparable between the two groups. CRM 
and distal resection margins are comparable to laparo-
scopic group. Quality of  the TME dissection is important 
as breach of  the TME envelope may increase local and 
distant recurrence. In this review, only three studies as-

189

  Ref. Country Year Study type No. of rectal cancer patients Average total hospitalisation cost (United States $) P  value

Robotic Laparoscopic Open Robotic Laparoscopic Open
  Baik et al[24] United States 2011 Comparison 41 41 - 83915 62601 - 0.092
  Kwak et al[25] South Korea 2011 Comparison 59 59 - Robotic x3 Laparoscopic cost NA NA
  Leong et al[26] South Korea 2011 Case Series 29 - - Robotic x3 Laparoscopic cost - -
  Kim et al[28] South Korea 2012 Comparison 100 - 100 12-15000 5000 - -

Table 4  Cost of Robotic rectal surgery

Rob: Robotic-assisted surgery; Lap: Conventional laparoscopic surgery; NA: Not available.
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sessed the quality of  the TME specimen macroscopically 
with two comparative studies found robotic dissection 
to be superior. With emerging data favouring TME via 
minimal invasive approach over open surgery[5,44], robotic 
surgery may offer additional advantage. 

Traditionally long operative times are related with 
increased morbidity, which is likely to be related to the 
difficulty of  the operation[45]. Robotic surgery has been 
found to have a longer operative time when compared 
to laparoscopic or open rectal surgery. Attempts have 
been made to reduce robotic operating time by adopting 
the hybrid approach.  However this will require the sur-
geon to be skilled at both robotic as well as conventional 
laparoscopic surgery. Also the perceived advantage of  
robotic surgery may be lost during inferior mesenteric 
artery dissection, which may increase the chance of  nerve 
damage as well as additional cost of  laparoscopic instru-
ments. Prolonged operative times are most likely to be 
related to technical aspects of  the operation (time taken 
to dock and redock the robot as well as changing of  ro-
botic arms) rather than the operative difficulty. Indeed 
the overall complication rates between the robotic and 
the laparoscopic groups have been shown to be similar in 
this review, which further supports the theory that longer 
robotic operative time may not necessarily increase op-
erative morbidity.

Cost of  robotic surgery remained to be an important 
issue. Most papers identified the cost of  the robot to be 
around United States $1.65 to 2 million, disposable robot-
ic instruments costing United States $2000 each as well 
as the yearly maintenance cost United States $150000[24]. 
In this review article, it was not possible to include cost-
effectiveness analysis studies. Baek et al[34] highlighted the 
fact that caution needs to be taken when interpreting 
costs as it may differ significantly between hospitals. Dif-
ferent healthcare system between countries will also have 
an impact on costs. However, maximising the use of  the 
robot by different surgical specialties within the hospital 
might make savings to the overall running costs.

Identification and preservation of  the pelvic auto-
nomic nerves may be better with robotic surgery due to 
high definition 3-D image, tremor free surgery, surgeon 
operated camera platform and endowrist™ technology.  
Common sites of  potential pelvic nerve damage leading 
to sexual dysfunction are: (1) superior hypogastric plexus, 

leading to ejaculation dysfunction on male patients and 
impaired lubrication in females; and (2) pelvic splanchnic 
nerves or the pelvic plexus- leading to erectile dysfunc-
tion in men. These perceived advantages may translate 
to decreased incidence of  erectile dysfunction in male 
patients and urinary dysfunction as the CLASICC trial 
reported a 41% sexual dysfunction in men after laparo-
scopic rectal surgery when compared with 23% in the 
open rectal surgery group[46] (Figure 2). However, in this 
review although there were some encouraging results to 
suggest that robotic-assisted surgery is superior to con-
ventional laparoscopic surgery in preventing sexual or 
urinary dysfunction, the evidence is not entirely clear due 
to high non-participation rates and possible type II error.  
Kim et al[47] also reported similar results where although 
the robotic-assisted group reported earlier recovery of  
erectile, sexual desire and urinary function when com-
pared with the laparoscopic group, there was no differ-
ence in long-term follow-up.

In this review, we were unable to draw strong conclu-
sion on the learning curve required for robotic surgery. 
However the range of  17-25 cases of  robotic-assisted 
rectal surgery from experienced surgeons skilled at both 
open and laparoscopic surgery are quoted as the number 
required to achieve competency. The cases selected were 
very heterogeneous; only few studies used recognised 
method on assessing learning curve and one of  studies 
were from expert’s comment. 

Although the da Vinci® robotic platform has pro-
duced promising results with at least comparable benefits 
to laparoscopic colorectal surgery, good quality studies 
are still required to demonstrate its benefits. The RO-
LARR (RObotic versus LAparoscopic Resection for Rec-
tal cancer) study is a multicentre international randomised 
control trial with the primary aim to assess technical ease 
of  robotic rectal operations. The secondary aims are to 
assess the quality of  life, cost-effectiveness analysis and 
oncological outcome on disease-free and overall survival 
and local recurrence at 3-year follow-up. The study began 
recruiting in february 2011 and therefore results will not 
be available for sometime[48]. Other Robotic rectal surgi-
cal clinical trials currently registered on www.clinicaltrials.
gov include centres from South Korea[49,50], China[51] and 
Hong Kong[52]. 

In summary, from this systematic review, in the au-
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Figure 2  Robotic pelvic dissection. High definition 3-D view of 
the pelvis with the right hypogastric nerve (arrow) identified and pro-
tected.
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thors’ opinion we can draw conclusions on the following: 
(1) robotic-assisted rectal surgery is feasible and safe; (2) 
it has a lower conversion rate when compared to lapa-
roscopic group; (3) intra-operative blood loss resulted 
significantly less in the robotic group in 2 of  the com-
parison studies; (4) postoperative morbidity and long-
term voiding and sexual functions remain similar in both 
groups; (5) quality of  the TME dissection is significantly 
better in some studies but nevertheless there were no sig-
nificant differences found in short-term of  oncological 
outcomes in both groups; and (6) robotic-assisted is more 
expensive than laparoscopic surgery. Hence the current 
challenges will be to justify the benefits of  robotic rectal 
surgery over high costs.

COMMENTS
Background
The incidence of rectal cancers is increasing owing to the elderly population, 
westernised lifestyle and other environmental factors. Prognosis in rectal can-
cer can be related to the quality of surgery such as mesorectal integrity, margin 
status, and adequate lymph node dissection. Laparoscopic has been proven 
to reduce hospital stay, less pain and less bleeding but its role in rectal cancer 
surgery remains controversial due to its steep learning-curve. Da Vinci robotic-
assisted rectal cancer surgery may be an effective tool but its effectiveness 
over laparoscopic surgery is unclear.
Research frontiers
Robotic-assisted rectal cancer surgery has technical advantages over con-
ventional laparoscopic method such as tremor free surgery, high definition 
3-D vision, stable platform and surgeon-control camera. These technological 
advances seem to be ideally suited for rectal cancer surgery as it may minimize 
inadvertent pelvic neurovascular injury and achieve good oncological results.
Innovations and breakthroughs
Conventional laparoscopic rectal surgery has been known to have a steep 
learning curve owing to 2-Dimensional view, assistant navigated camera and 
instruments with limited freedom of movement. Robotic-assisted rectal surgery 
has overcome some of these limitations with 3-Dimensional view, stable plat-
form, surgeon-controlled camera and tremor-free surgery.  However further high 
quality research is required see whether these advances can be translated to 
benefit patient care.
Applications
Readers will be able to have an unbiased view on the pros and cons of robotic-
assisted rectal surgery. This systematic review has identified current evidence 
is based on case series and comparative reports and that has demonstrated 
robotic-assisted rectal surgery is feasible and safe. However as these studies 
demonstrated potential benefits of robotic surgery are not yet proven and that 
whether the high cost justify these benefits is still under debate.
Terminology
Laparoscopic surgery and robotic-assisted surgery are a form of minimal inva-
sive surgery which has advantages over open operations such as less blood 
loss, faster recovery, less complications and better cosmetic results.  
Peer review
This manuscript is an interesting and well done systematic review on robotic 
rectal surgery. Authors reported data according to the Prisma guidelines for 
systematic reviews and meta-analyses. This paper deserves publication.
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