
following laparoscopic total mesorectal excision (LTME) 
in patients who have received Neo-adjuvant long 
course chemo-radiotherapy (LCRT). 

METHODS: A protocol driven systematic review of 
published literature was undertaken to assess the 
feasibility and oncological outcomes following LTME in 
patients receiving LCRT. The feasibility was assessed 
using peri-operative outcomes and short term results. 
The oncological outcomes were assessed using local 
recurrence, disease free survival and overall survival.

RESULTS: Only 8 studies-1 randomized controlled 
trial, 4 Case Matched/Controlled Studies and 3 Case 
Series were identified matching the search criteria. The 
conversion rate was low (1.2% to 28.1%), anastomotic 
leak rates were similar to open total mesorectal excision 
(0%-4.1% vs  0%-8.3%). Only 3 studies reported on 
local recurrence rates (5.2%-7.6%) at median 34 mo 
follow-up. A single study described disease free survival 
and overall survival at 3 years as 78.8% and 92.1% 
respectively. 

CONCLUSION: LTME following LCRT is feasible in 
experienced hands, with acceptable short term surgical 
outcomes and with the usual benefits associated 
with minimally invasive procedures. The long term 
oncological outcomes of LTME after LCRT appear to 
be comparable to open procedures but need further 
investigation.

Key words: Laparoscopic total mesorectal excision; 
Rectal adenocarcinoma; Feasibility; Outcomes; Neo-
adjuvant chemo-radiotherapy
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feasible in experienced hands, with acceptable short 
term surgical outcomes and with the usual benefits 
associated with minimally invasive procedures. The 
long term oncological outcomes of LTME after LCRT 
appear to be comparable to open procedures but need 
further investigation.

Dhruva Rao PK, Nair MS, Haray PN. Feasibility and oncological 
outcomes of laparoscopic rectal resection following neo-
adjuvant chemo-radiotherapy: A systematic review. World J Surg 
Proced 2015; 5(1): 147-154  Available from: URL: http://www.
wjgnet.com/2219-2832/full/v5/i1/147.htm  DOI: http://dx.doi.
org/10.5412/wjsp.v5.i1.147

INTRODUCTION
Total Mesorectal Excision using an open approach 
(OTME) is now accepted as the gold standard for 
treatment rectal cancer[1]. In recent years, since 
the medical research council United Kingdom trial, 
neo-adjuvant long course chemo-radiotherapy is 
being routinely used as a part of treatment of locally 
advanced mid and low rectal cancers[2]. Laparoscopic 
rectal resection has been shown to have superior short 
term outcomes compared to open resections. However, 
long term oncological results are still debated[3]. In 
addition, it is generally accepted that laparoscopic low 
rectal resection and Abdomino-perineal resections 
(APR) are technically challenging[4].

Most trials comparing laparoscopic and open 
resections for rectal cancer suggest that laparoscopic 
rectal resections are technically feasible however, short 
and long term outcomes in this group are difficult 
to determine[5,6]. Also, laparoscopic total mesorectal 
excision (LTME) following neo-adjuvant chemo-
radiotherapy (LCRT) is oncologically and technically 
challenging due to tissue fibrosis and scarring[7]. 

This systematic review addresses the feasibility 
and outcome of laparoscopic rectal resection following 
neo-adjuvant chemo-radiotherapy. There is no level 
1 evidence addressing this and to the best of our 
knowledge there is no structured review of the published 
literature on this topic.

MATERIALS AND METHODS
A systematic review of literature was performed 
as per the protocol described below to address the 
issue of feasibility of laparoscopic TME following neo-
adjuvant chemo-radiotherapy. PubMed, Cochrane, 
Embase, OVID, and CINAHL were searched for articles 
published between Jan 2004 to June 2014 using the 
search criteria as described in Table 1.

The keywords for search were laparoscopy, minimally 
invasive surgery, open, rectum, cancer, abdomino-
perineal resection, anterior resection, colorectal 
neoplasms, rectal neoplasms, rectal adenocarcinoma, 

rectal cancer, neo-adjuvant chemo-radiotherapy, pro
ctectomy, and total mesorectal excision. Search was done 
as free text words and in their variable combinations.

Study selection
The retrieved results were screened by two authors 
(Dhruva Rao PK and Nair MS) using the title and 
abstracts against the inclusion and exclusion criteria 
as described below. Any studies that did not have 
published abstracts were excluded. Full text articles of 
potentially relevant studies were obtained and assessed 
independently by two authors (Dhruva Rao PK and Nair 
MS) considering the inclusion and exclusion criteria for 
review. All references of all guideline articles and review 
articles were searched to identify any potential articles 
not already identified. Disagreements were resolved 
through discussion and by involving the third author 
(Haray PN). 

Inclusion criteria
Randomized studies comparing open and laparoscopic 
rectal resection following neo-adjuvant chemo-radio
therapy for rectal adenocarcinoma; Case matched series 
comparing LTME with OTME following neo-adjuvant 
chemo-radiotherapy for rectal adenocarcinoma; Case 
control studies comparing LTME with OTME following neo-
adjuvant chemo-radiotherapy for rectal adenocarcinoma; 
Case series with > 20 patients from tertiary centres; 
Published in English language; Feasibility studies of 
laparoscopic rectal resections for cancer including 
historical control cohorts.

Exclusion criteria
Study groups were not clearly defined; Studies in 
whom the “cancer” group cannot be separated; 
Studies comparing resections performed for benign 
indications only; Studies including local resections 

Dhruva Rao PK et al . Feasibility and oncological outcomes following LTME after LCRT
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Table 1  Search strategy

Search strategy

1 Rectal adenocarcinoma - tracked to MeSH to include all subheadings 
and combining with OR and clicking the Explode box; limit to English 
language and Humans - no time limits selected
2 Surgery - tracked to MeSH to include all subheadings and combining 
with OR and clicking the Explode box; limit to English language and 
Humans - no time limits selected
3 Laparoscopy - tracked to MeSH to include all subheadings and 
combining with OR and clicking Explode box; limit to English language 
and Humans - no time limits selected
4 Minimally invasive surgery - tracked to MeSH to include all 
subheadings and combining with OR and clicking Explode box; limit to 
English language and Humans - no time limits selected
5 Anterior Resection - Keyword search only (not linked to MeSH 
headings)
6 Neo-adjuvant chemo-radiotherapy 
7 Proctectomy - Keyword search only (not linked to MeSH headings)
8 Total Mesorectal Excision - Keyword search only (not linked to MESH 
headings)
9 Combine 1 and 2 and 5 and 6 and 7 and 8
10 Combine 1 and 3 and 4 and 5 and 6 and 7 and 8



(trans-anal endoscopic microsurgery, trans-anal 
excision) but the major resection group cannot be 
separated; the outcomes of interest defined below 
were not reported or it was impossible to determine 
them from the published results; the surgical 
procedures were performed by surgical trainees or by 
surgeons during the learning curve for laparoscopic or 
conventional rectal surgery.

Data extraction
A structured proforma was used for data extraction for 
the patients undergoing laparoscopic resection after 
neo-adjuvant long course chemo-radiotherapy only. No 
attempt was made to contact the authors of studies if 
inadequate amount of information was available and 
such studies were excluded. 

Outcome measures/end-points
We have assessed 2 sets of outcomes. 

For feasibility assessment, we have considered 
estimated blood loss, ureteral injuries, other collateral 
injuries, overall peri-operative morbidity, length of 
hospital stay, anastomotic leakage, intra-abdominal 
abscess, urinary retention, postoperative ileus, 30 d 
mortality. We have also assessed circumferential/radial 
resection margin (CRM) and lymph node harvest.

For oncological outcome assessment, we have 
considered loco-regional recurrence, metachronous 

distant metastasis, disease free survival (DFS) and 
overall survival.

Statistical analysis 
Prior to pooled analysis, the studies must pass 2 
assessments of heterogeneity - qualitative and 
quantitative[8]. Qualitative assessment is based on 4 
key concepts of study design (Patients, Interventions, 
Outcomes and Study Types). If studies are deemed 
heterogeneous on this assessment, it is inappropriate 
to proceed to quantitative assessment using statistical 
tests such as χ 2 test or Cochrane Q, etc.[8]. In this 
review the studies were deemed heterogeneous based 
on the above mentioned qualitative criteria and so we 
did not proceed to statistical analysis. 

RESULTS 
The initial search identified 2583 studies (Figure 
1). Two thousand four hundred and seventy were 
excluded after initial screening of titles and abstracts. 
The remaining 113 studies were critically reviewed 
using the full article. Of these, 26 articles met the 
inclusion criteria and reviewed in detail. However, data 
relevant to this review could be extracted from only 8 
studies (Table 2). Table 3 summarizes the 18 studies 
from which adequate extraction of appropriate data 
was not possible.

The selected publications included a combination 
of randomized controlled trial (RCT) and non RCT. 
Qualitative assessment of the studies revealed: (1) 
Type of studies identified were clearly heterogeneous 
(Table 2); (2) Patient selection criteria for LCRT were 
different in the different studies (Table 4); and (3) 
The LCRT regimen patients received was also different 
(Table 4). 

Thus the studies were heterogeneous in terms 
of Study Design, Patient Groups and Interventions. 
Due to this heterogeneity, a pooled analysis or meta-
analysis was considered inappropriate and hence was 
not carried out. 

Of the 8 studies included, one was a RCT and 4 
were case controlled studies or case matched series. 
The number of patients in the Laparoscopic group 
in the selected studies range from 19 to 292. The 
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Total search results 2583

Excluded at screening 2470

Selected for full review 113

Not meeting criteria on review of full article = 81
Data cannot be extracted = 18
Guideline articles = 6

Selected for analysis 8

Figure 1  PRISMA flow diagram.

Table 2  Overview of studies with extractable data

Ref. Year Country Type of study Total No. of patients Patients Lap Patients open

Kang et al[9] 2010 South Korea RCT 340 170 170
Kusano et al[11] 2014 Japan Case control Study   33   19   14
Hu et al[14] 2013 China Case control Study 137   51   86
Seshadri et al[12] 2011 India Case control Study 144   72   72
Denoya et al[15] 2009 United States Case matched series   64   32   32
1Saklani et al[13] 2013 South Korea Case series   64   64 NA
1Denost et al[10] 2011 France Case series 292 292 NA
Motson et al[7] 2011 United Kingdom Case series   26   26 NA

1Data pertaining to LCRT + laparoscopic resection group of the study only extracted therefore treated as case series. NA: Not applicable; 
LCRT: Long course chemo-radiotherapy; RCT: Randomized controlled trial.
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While only two studies reported intra operative 
complications (Table 6), all studies have reported post-
operative complications (Table 7). In the studies where 
comparative data was available, the laparoscopic group 
had a low anastomotic leak rate compared to the open 
group (0%-4% vs 0%-8.3% respectively). The COREAN 
trial reported a higher leak rate for LTME vs OTME (1.2% 
vs 0% respectively). However, 2 case series reported 
anastomotic leak rates of 12.7%[10] and 18.7%[7]. 
Interestingly these had higher conversion rates as well 
(18.8%[10] and 11.5%[7] respectively). Pelvic abscess 
was also less in laparoscopic group compared to 
the open group (0%-10.5% vs 0.6%-14.2%). Post-
operative ileus was less in Laparoscopic group (0%-10% 
vs 1.2%-12.9%). Post-operative voiding difficulty varied 
from 2%-10% in laparoscopic group compared to 
2.3%-7.1% in open group. 

The short term outcomes are summarized in Table 
8. All except 2 studies have reported post-operative 
length of stay with the median stay ranging between 

only RCT (COREAN trial[9]) that we have been able to 
identify had 170 patients in the study arm. The study 
with largest number of patients with LTME following 
LCRT is from France with 292 patients[10]. 

The patient characteristics of all the studies are 
shown in Table 5. As can be seen from the table, they 
were mid or low rectal tumours. The APR rates varied 
from 11.2% to 89%. All studies had reported the 
imaging modalities and selection criteria for LCRT with 
the type and dose of chemo and radiotherapy (Table 4). 
There was wide heterogeneity in the type, dose and 
duration of LCRT among the studies. 

Table 6 reports the peri-operative course. The 
interval between LCRT and surgery was reported by 
all except by one study[11] with the median minimum 
and maximum intervals being 6 and 8 wk respectively. 
The reported conversion rates from laparoscopic to 
open operations ranged from 1.2% to 28.1%. In the 
Laparoscopic arm, three of the eight identified studies 
reported a median estimated blood loss of 200 mL. 
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Table 4  Comparison of criteria for long course chemo-radiotherapy and regimes

Ref. Staging imaging Criteria for LCRT Chemo agent Rad dose/duration

Kang et al[9] CT, MRI, ERUS cT3N0-2 M0 Mid/low 
rectal cancer

I/V 5FU + leucovorin or oral 
capecitabine

50.4 Gy over 5.5 wk (tumour boost used)

Kusano et al[11] CT, MRI T3N0-3M02 Different protocols Total dose = 45 Gy/duration not reported
Hu et al[14] CT, MRI, ERUS Stage 2/3 tumours Capecitabine and oxaliplatin 50 Gy over 5 wk
1Seshadri et al[12] CT T2/T3 N+, T4 excluded Mitomycin and 5FU Total dose = 50 Gy/duration not reported
Denoya et al[15] CT, MRI, ERUS T3/4 or N+ disease 5FU or Xeloda Total dose = 50.4 Gy/duration not reported
Saklani et al[13] NR T3/4 or N+ disease 5FU Total dose = 50.4 Gy/duration not reported
Denost et al[10] CT, MRI, ERUS T3/4 = 265 (90.8%), T1/2 = 27 (9.2%) I/V 5FU and leucovorin 45 Gy over 5 wk
Motson et al[7] CT, MRI T3/4 N+ + involved/

threatened CRM
5FU or Uftoral 45/50 Gy over 5 wk (3/4 fields)

17/72 (Lap) and 6/72 (open) received only RT; cannot separate data; 2Using TNM classification of malignant tumours 7th edition 2009. NR: Not reported; 
LCRT: Long course chemo-radiotherapy; CT: Computed tomography; MRI: Magnetic resonance imaging; CRM: Circumferential/radial resection margin; 
ERUS: Endoluminal rectal ultra-sound.

Table 3  Studies from which data could not be extracted (sub group analysis not described/reported)

Ref. Year Country Type of study Percent having LCRT in Lap group

van der Pas et al[5] 2013 The Netherlands RCT1 59
Lujan et al[6] 2009 Spain RCT    72.3
Lujan et al[16] 2013 Spain Case Control    58.1
McKay et al[17] 2012 Australia Case Control    48.8
Laurent et al[18] 2011 France Case Control    93.6
Patel et al[19] 2011 United States Case Matched 50
Li et al[20] 2011 China Case Control    34.5
Kellokumpu et al[21] 2011 Finland Case Control 34
Greenblatt et al[22] 2011 United States Case Control    31.6
da Luz Moreira et al[23] 2011 United States Case Matched 33
Baik et al[24] 2010 United States Case Matched    79.6
Westerholm et al[25] 2012 Canada Case Series  7.4
Jefferies et al[26] 2011 United Kingdom Case Series    43.8
Glancy et al[27] 2011 United Kingdom Case Series   8
Lam et al[28] 2010 Belgium Case Series    56.7
Sartori et al[29] 2010 Italy Case Series    39.1
Cheung et al[30] 2010 Hong Kong Case Series    21.5
Park et al[31] 2010 South Korea Case Series      8.1

1Patients in this trial had short course radio therapy. LCRT: Long course chemo-radiotherapy; RCT: Randomized 
controlled trial.
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DISCUSSION
The studies were heterogeneous. In spite of this, 
the reported short term outcomes for LTME were not 
inferior to OTME. Available data shows LTME offers 
the same short term advantages in outcomes like 
estimated blood loss, other collateral injuries, overall 
intra-operative morbidity, post-operative length of 
stay, intra-abdominal abscess and post-operative ileus 
even after LCRT. Short term surrogate measures of 
oncologic parameters are at least equal to the open 
procedure. 

LCRT makes the normal anatomical planes within 
the pelvis challenging due to tissue fibrosis and 

scarring. The tissue planes can be more difficult to 
follow compared with non-irradiated cases[7]. 

The magnified view of operative field and the 
improving technology with efficient energy devices 
in addition to meticulous attention to haemostasis 
to maintain good views during LMTE are factors that 
help reduce the blood loss as reflected in the reported 
estimated blood loss of these studies. Pelvic abscess 
was also less in laparoscopic group compared to open. 
This may be due to the fact that the blood loss is less 
with consequent less postoperative haematoma, etc.

Irradiation causes fibrosis and ischaemia[10] and 
increases the thickness of the rectal wall making a 
safe rectal division by stapling devices technically 
more difficult[10]. It is also thought to increase the 
risk of anastomotic leak. However, the reported 
anastomotic leak rate in LTME was generally low. One 
study[7] reported a higher leak rate (18.7%) but this is 
probably due to low number of patients in this study.

The surrogate markers of oncological outcome 
like lymph node harvest, positivity of CRM margins 
with LTME were comparable and not inferior to 
both contemporaneous open procedures as well as 
historically reported data.

The only RCT identified, the COREAN trial[9], 
randomised 340 patients after LCRT to LTME or OTME. 
It observed no difference between CRM positivity, 
macroscopic quality of the total mesorectal excision, 
number of harvested lymph nodes or perioperative 
morbidity between the two groups[9]. The short term 
benefits were better in LTME. This trial demonstrated 
LTME after LCRT was safe in the hands of experienced 
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Ref.  Anastomotic leak (%) Pelvic abscess (%) Post-op Ileus (%) Acute voiding difficulty (%) Stoma complications (%)

Lap Open Lap Open Lap Open Lap Open Lap Open
Kang et al[9]   1.2         0 0   0.6 10 12.9 10 4.1   0.6 0
Kusano et al[11]          0 7.1  10.5 14.2      5.2   7.1   0 7.1 NR NR
2Hu et al[14]   3.1 8.3 0   1.2   0   1.2     1.2 2.3 0 2
Seshadri et al[12]   4.1 8.3 NR NR NR NR 11            7 NR NR
Denoya et al[15] NR NR NR NR   5        5 NR NR NR NR
Denost et al[10] 12.7 NA NR NA NR NA NR NA NR NA
1Motson et al[7] 18.7 NA NR NA NR NA 15.4 NA NR NA

Table 7  Post-operative complications

12 patients had adhesiolysis; 2Other complications, Urinary fistula = 1 and Rectovaginal fistula = 1 both in open group. NR: Not reported; NA: Not 
applicable.

Table 9  Quality markers

Ref.  CRM positivity    Lymph node harvest1

Lap Open Lap Open
Kang et al[9] 2.9% 4.1%   17 (12-22)   18 (13-24)
3Kusano et al[11] NR NR < 12 = 73.7%

> 12 = 26.3%
< 12 = 64.3%
> 12 = 35.7%

Hu et al[14] 1.9% 3.5% 12 (2-20) 11 (1-25)
4Seshadri et al[12] 1.3% 9.7%   7 (1-24)   7 (1-25)
Denoya et al[15] Yes5 Yes5 19 ± 92 19 ± 92

Denost et al[10] NR NA NR NA
6Motson et al[7] Yes6 NA   5 (0-14) NA

1Lymph node harvest reported as median (range) except 2where it is mean 
and 3where it is percent of patients with node count < or > 12; 4Authors 
define CRM as 2 mm; 3Authors report negative “radical” resection margins 
in all patients in discussion; 5CRM reported as Lap 1.17 ± 0.7; Open 0.96 
± 0.5; 6CRM reported as 5.5 mm (< 1-15 mm). NR: Not reported; NA: Not 
applicable; CRM: Circumferential resection margins.

Table 8  Short term and long term outcomes

Ref. Post-op length of stay 30 d mortality (%) Length of follow-up   Local recurrence

Lap Open Lap Open
Kang et al[9]   8 (7-12)   9 (8-12) NR 3 mo NA NA
Kusano et al[11]   24 (14-92)   35 (14-70) NR Median 39 mo 1 (5.2%) 3 (21.4%)
Hu et al[14] 10 (6-34) 16 (6-44) NR Short term outcomes only NA NA
Seshadri et al[12] 12 (6-45)   15 (10-50) None Short term outcomes only NA NA
1Denoya et al[15] 6.1 ± 2.4 7.6 ± 2.3 NR Short term outcomes only NA NA
Denost et al[10] NR NA 0.3 NR NR NA
Motson et al[7]   8 (5-17) NA 3.8 Median 34 mo 2 (7.6%) NA
Saklani et al[13] NR NA NR Median 36 mo 4 (6.3%) NA

Reported as median (range) except 1where it is mean. NR: Not reported; NA: Not applicable.
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surgeons (participating surgeons had a median 
experience of 75 LTMEs). Although this trial was not 
sufficiently powered to address survival outcomes (one 
of the limitations of this trial), the long term outcome 
from COREAN trial is expected to shed more light on 
the oncological effectiveness of LTME in this group of 
rectal cancer patients. 

The other end-points of this review were the local 
recurrence rates, and DFS. These results are based on 
case controlled study or data from experienced tertiary 
centres. The rate of local recurrence varied from 5.2% 
to 7.6% in the LTME group. Only one study[11] reported 
comparative data for OTME (21.4%). Only one study 
reported DFS of 78.8% in LTME after 3 years of follow 
up. Unfortunately this did not report on a similar figure 
for OTME[13]. 

We identified 18 other studies which had a 
subgroup of patients who underwent LCRT followed by 
laparoscopic rectal resection. However, insufficient data 
were included for relevant data extraction and analysis. 
An analysis of the raw data from these published studies 
may provide interim results quicker. However, such 
an exercise would require the co-operation of various 
authors from around the world to contribute their data 
to help create an international registry for analysis: 
this is unlikely to be feasible retrospectively. Hence, 
a prospective, multicentre randomised trial recruiting 
patients from appropriate centres and adequately 
powered to address survival outcomes is needed to 
answer the question of oncological effectiveness.

Although there is paucity of published data on the 
rates of local and distant disease recurrence (Disease 
Free Survival) following LTME after LCRT, available data 
shows LTME following LCRT is not inferior to open TME 
with the inherent advantages of Laparoscopic surgery. 

LTME is feasible in experienced hands, with 
acceptable short term surgical outcomes and with 
the usual benefits associated with minimally invasive 
procedures. The long term oncological outcomes of 
LTME after LCRT appear to be comparable to open 
procedures but need further investigation probably 
with a well-designed adequately powered multicentre 
trial.
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