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Abstract
Objective To systematically evaluate the immune function
in patients with colorectal cancer after laparoscopic surgery
(LS) and conventional open surgery (OS).
Methods PUBMED, EMBASE, and the Cochrane library
were searched and randomized controlled trials (RCTs)
comparing the immunological difference between LS and
OS were included. Two authors extracted data and assessed
trial quality.
Results Eleven studies including 695 patients were analysed.
Immune-competent cells demonstrated no significant differ-
ences between LS and OS in six trials. Eight trials assessed
various perioperative plasma cytokine concentrations with
no significant differences in interleukin-6 (IL-6) and C-
reactive protein (CRP) levels between LS and OS. However,
meta-analysis showed higher T suppressor lymphocytes
(CD8+) counts on postoperative days (POD) 1–3 and lower
plasma levels of CRP on POD 0–1 in LS group compared
with OS group.
Conclusion Although LS groups displayed higher T sup-
pressor lymphocyte (CD8+) counts on postoperative days

(POD) 1–3 and lower plasma levels of CRP on POD 0–1,
there is no sufficient evidence to support superior preser-
vation of global immune function with LS compared to OS.

Keywords Colorectal . Laparoscopy . Open surgery .

Immune function .Meta-analysis

Introduction

Colorectal cancer (CRC) is the third most frequently
diagnosed malignant disease and the fourth most common
cause of cancer-related death worldwide [1, 2]. In 2008, an
estimated 148,810 new CRC cases would occur, and during
the same year, there were around 49,960 CRC deaths in the
United States [3]. The number of new cases of CRC
worldwide has been increasing rapidly since 1975 [4]. CRC
remains a major public health threat, and economic burden
due to this disease is enormous. World expenditures for
CRC have been estimated in the range of $US14–22 billion
per year (year 2000 values) [5].

Curative treatment of CRC relies principally upon
surgical resection, supported by adjuvant chemotherapy,
radiotherapy, and/or immunotherapy. Open abdominal
surgery (OS) remains the predominant approach interna-
tionally; however, midline wound and peritoneal damage
are associated with significant postoperative pain and
longer hospital stay. Laparoscopic colorectal surgery
involves inserting laparoscopic instruments through several
ports in the abdominal wall to accomplish the same oncologic
resection goals. The tumor is usually removed through an
abdominal incision, the length of which depends on the size of
the tumor. Hand-assisted laparoscopic surgery (LS) utilizes a
somewhat larger incision and the surgeon’s hand to guide the
dissection in the abdomen. LS is generally considered less
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invasive and has been consistently associated with a more
rapid recovery, with earlier return of bowel function, reduction
in pain, shorter hospital stay and better cosmesis [6, 7]. Since
the first laparoscopic cholecystectomy was performed by
Mouret in 1987, LS has created an explosion of interest [8].
The first laparoscopic colonic resection was performed by
Jacobs in 1991 [9].

Surgery, whether conventional or laparoscopic, is a
controlled trauma. Postoperative metabolic, inflammatory,
and immunologic changes are relative to the degree of
surgical trauma. Elimination or reduction of these changes
has been shown to decrease the incidence of postoperative
complications and to improve survival [10–14]. Surgery
induces a generalized state of immunosuppression [10]. The
extent and duration of postoperative immune suppression
depend on the magnitude and type of the intraoperative
injury [15]. Postoperative immune suppression may have
considerable consequences; it has been shown to be related
to infectious complications, the development of tumor
metastases and abdominal implantation in animal studies
[10, 16]. These postoperative immunologic changes seem
to be particularly important in oncologic patients, because
postoperative immunosupression may be responsible not
only for postoperative infections but also for tumor spread
and metastases.

In comparisons of laparoscopic and conventional surgery,
significantly better preservation of the postoperative immune
function was shown with laparoscopic cholecystectomy and
Nissen fundoplication than with the conventional approach
[17, 18]. The postoperative immunologic differences
between laparoscopic and conventional CRC operation
has not gained universal agreement, and remains contro-
versial in clinical trials [19–23]. We, therefore, performed a
systematic review and meta-analysis to evaluate whether
there are immunologic advantages of laparoscopic com-
pared to conventional CRC surgery.

Methods

Inclusion criteria

Only randomized controlled trials (RCTs) were included.
All selected articles compared immune function changes
in patients with CRC after LS and OS. Trials were
excluded if they involved patients with benign diseases or
included patients receiving adjuvant radiotherapy, chemo-
therapy or immunotherapy. The primary outcome mea-
sures were either assessments of immune-competent cell
counts/function or plasma Inflammatory cytokine concen-
tration, immunoglobulins, and postoperative infectious
complications.

Search strategy

Two authors independently developed an electronic database
search strategy to identify studies that met the eligibility
criteria. Published and unpublished RCTs were identified by
searching the PUBMED (1966 to March 2009), EMBASE
(1950 to March 2009), the Cochrane Library (CENTRAL/
Cochrane Central Register of Controlled Trials, Issue 1,
2009). The reference lists of all retrieved articles were
reviewed for further identification of potentially relevant
studies. Searches were carried out using medical subject
headings (MeSH) and free text words in combination with the
search strategy for RCTs described by Cochrane Highly
Sensitive Search Strategy for identifying randomized trials
(2008 revision). The following search was adapted for each
database: laparoscopy[MeSH], colorectal neoplasms[MeSH],
immunology[MeSH], immunity[MeSH], monocyte[MeSH],
lymphocyte[MeSH], cytokine[MeSH], immunoglobulin
[MeSH], immunoprotein[MeSH], (neoplasm* OR cancer
OR carcinoma OR tumor OR tumour OR adenocarcinoma)
And (colorectal OR colon OR colonic OR rectal OR rectum
OR sigmoid OR large intestine). Our searches were carried
out without language restrictions.

Data extraction

Two authors independently scrutinized all articles and
decided which trials were to be included. A data extraction
form was developed and used to extract and record
information on results of included studies. The following
variables from each trial were extracted: author and year,
participant selection criteria, patient baseline characteristics,
generation of the allocation sequence, allocation conceal-
ment, blinding, number of randomized patients, number of
patients excluded after randomization and reasons for this,
dealing with drop outs, data analysis based on the
“intention-to-treat” principle, immunological parameters
and values. Results will be compared between reviewers.
Any disagreement about data extraction was resolved by
discussion among the authors.

Assessment of methodological quality

Two reviewers independently assessed the methodological
quality of each trial in terms of generation of allocation
sequence, allocation concealment, blinding, incomplete
outcome data addressed, free of selecting reports, free of
other bias. For each trial, we classified each quality
component as “yes”, “no”, “unclear”; an answer of
“Yes” indicates a low risk of bias, “No” indicates a high
risk of bias, and “unclear” indicates an uncertain risk of
bias, according to the Cochrane Handbook 5.0. In
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case of differences in opinion, a third reviewer was
contacted.

Statistical analyses

When data were available for a pooled estimate of the
impact of intervention, it was intended that meta-analyses
would be conducted for direct comparisons. When data
were not available for pooling, we performed a descriptive
analysis. The software REVMAN 5.0, provided by
Cochrane Collaboration, was used for statistical analysis.
We calculated a weighted mean difference (WMD) or
standard mean difference (SMD) between mean values for
continuous variables with a 95% confidence interval (CI),
and overall weighted estimate of the relative risk (RR) for
dichotomous variables. We examined intervention effects
by a fixed–effect model with the two-sided significance set
at P<0.05. We explored the presence of statistical hetero-
geneity by χ2 test with significance set at P<0.10 and
measured the quantities of heterogeneity by I2. For the
continuous variable means with preoperative and postopera-
tive level values, we calculated the changes. Themean changes
were calculated as final values minus baseline values. The
standard deviations (SD) of the mean changes (SDChange) were
calculated according to the following formula: SDChange ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

SDpre2 þ SDpost2 � 2p SDpre»SDpost
p

, wh e r e p i s
assumed to be moderately high with a correlation coefficient
of 0.5 between pre- and post-intervention values. We
performed subgroup analyses with postoperative day 0–1
(POD0-1), postoperative days 1–3 (POD1-3), and postoper-
ative days 3–8 (POD3-8) according to the majority of studies
that assessed their immunological outcomes within these
periods. When two time points were investigated within one
period, the later one was taken for the analysis.

Results

Description of studies

We identified 186 references through electronic searches.
We excluded 170 irrelevant references, nonrandomized
clinical studies, or observational studies. The remaining
16RCTs compared LS and OS on immune function in CRC
patients. Four references included patients with benign
disease and one reference only with abstract were excluded.
Eleven references involving 695 patients were included in
our analysis (see Fig. 1). Four studies were included in meta-
analysis of immunological parameters, and seven trials were
included in meta-analysis of postoperative infectious com-
plications. All included studies were published as full
articles. All studies included patients with CRC. All trials

assessed several immunological parameters to describe the
immunology change. The characteristics of the studies
included in the present review are summarized in Table 1.

Risk of bias in included studies

Most of the studies had the same methodological problems:
inadequate allocation sequence generation, inadequacy of
allocation concealment. Three [24, 26, 28] of 11 trials
described not only adequate randomization method but also
adequate allocation concealment. Four studies [22, 25, 27,
29] only demonstrated that the allocation sequence was
adequately generated, and the other four trials [19–21, 30]
simply mentioned “randomized”. Because of the nature of
the trials, all authors did not report blinding assessment.
And the outcomes (objective immunological laboratory
measurements) and the outcomes measurement were not
likely to be influenced by lack of blinding, so there is low
risk of blinding bias. All studies included in this analysis
contain adequate descriptions of inclusion and exclusion
criteria. Reasons for excluding patients after randomization
are given in all the studies. In six studies [20, 21, 24, 28–
30], no patients were excluded after randomization; there is
a low risk of incomplete outcome data bias. In the study of
Tang et al. [26], 62 of 223 patients were missed because of
missing preoperative or postoperative measurement out-
come. Although missing outcome data balanced in numbers
and with similar reasons for missing across groups, we
regarded it may have an unclear risk of incomplete outcome
data bias due to the proportion of missing outcomes was
28% (62/223). The missing outcomes may be enough to
have an impact on observed effect size. In Delgado et al.’s
study [25], 30 of 69 patients were excluded because of
technical problems in obtaining samples or converting to
open surgery in laparoscopic group, and 13 of 71 patients
were excluded because of technical problems obtaining
samples in the open group. The missing data were large and
not balanced between groups; we believe this creates a high
risk of incomplete outcome data bias. In the other three
studies [19, 22, 27], the missing data were few, and these
studies were considered at low risk of incomplete outcome
data bias. In all of trials, the outcomes were reported in
detail. We considered all studies with a low risk of selective
reporting bias. There was insufficient information to assess
whether an important risk of bias exists in a number of
trials; we argued all trials had unclear risk of other potential
sources of bias. Four studies [21, 24, 26, 28] performed an
intention-to-treat analysis. Patients who were intraoperatively
converted to open resection were excluded from further
analysis in three studies [19, 22, 25]. Only two studies [21,
26] calculated the sample size. The methodological quality
of the included trials is summarized in Table 2.
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Effects of interventions

Total lymphocytes counts

The circulating total lymphocyte counts were reported in
three studies [28–30], and all were observed decrease after
surgery. When compared with OS group, lymphocyte
counts returned to normal sooner in LS group, but no
significant statistical difference was demonstrated, except in
the study of Zhao et al. [30], where the LS group was
significantly higher.

T-lymphocytes (CD3+) and subsets

The T-lymphocytes and subset counts were reported in six
studies [19, 20, 26, 28–30]. Leung et al. [28] showed a
decrease from the preoperative counts in the total T cells
(CD3+), helper T cells (CD4+), CD8+, NK-like T cells
(CD3+, CD16+, and CD56+), and activated T-cell (CD3+
and HLA-Dr+) in all patients. However, there was no
significant difference in the postoperative levels between

LS and OS group. Subset analysis on POD8 showed a
significantly reduced return of CD8+, NK-like T cells (CD3+,
CD16+, and CD56+), and activated T-cell (CD3+ and HLA-
Dr+) in the OS group. Similarly, Wu et al. [29] described
reductions in CD4+, CD8+ cells out to POD4 in both
groups. The ratio CD4+/CD8+ on POD1 also dropped;
however, there was no significant difference between
groups. Hewitt et al. [19] described a decrease in the
percentage of lymphocytes (especially NK cells) and an
increased CD4+/CD8+ ratio in all patients without signifi-
cant difference between LS and OS groups. Zhao et al. [30]
showed similar findings for CD4+, CD8+ and the CD4+/
CD8+ ratio related to colectomy with no impact of
technique. Conversely, Ordemann et al. [20] reported no
postoperative changes in the numbers of lymphocyte CD4+,
CD8+, and ratio CD4+/CD8+ with either the laparoscopic or
the conventional open approach. Tang et al. [26] showed no
significant difference in the ratio CD4+/CD8+ and percent-
age of lymphocytes between two groups on POD3. The
pooled data on POD3 from the studies Wu et al. [29] and
Zhao et al. [30] showed no significant change of postoper-

186 potentially relevant articles

identified by electronic searches

30 studies retrieved for

further assessment

16 RCTs retrieved for

more detailed evaluation

11 RCTs included for

Systematic review

156 studies excluded 

(Did not meet the primary inclusion) 

14 studies excluded 

-11 non RCT

-1retrospective study

-1cohort study

-1letter

5 RCTs excluded

-4 included benign disease

-1only abstract

Fig. 1 Flow of study
selection process
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ative circulating CD4+ counts (WMD0.05, Fix 95%CI −0.03
to 0.13×106/ml, P=0.20) between LS and OS groups. The
data did suggest less of a reduction of postoperative
circulating CD8+ counts (WMD 0.08, Fix 95% CI 0.04 to
0.13×106/ml, P=0.0004) in the LS group compared to the
OS group. However, there was no significant difference
in the postoperative change of the CD4+/CD8+ ratio

(WMD −0.10, Fix 95% CI −0.25 to 0.05, p=0.20) between
two groups (Fig. 2).

NK cell

Four studies [19, 26–28] reported the NK cell counts and
function. Leung et al. [28] described suppression in NK cell

Table 2 Methodological quality of included trials

Study Adequate sequence
generation

Allocation
concealment

Blinding Incomplete
outcome data

Free of selective
reporting

Free of
other bias

(Author [reference]) Year

Stage et al. [22] 1997 Yes Unclear Yes Yes Yes unclear

Hewitt et al. [19] 1998 Unclear Unclear Yes Yes Yes unclear

Schwenk et al. [21] 2000 Unclear Unclear Yes Yes Yes unclear

Leung et al. [24] 2000 Yes Yes Yes Yes Yes unclear

Delgado et al. [25] 2001 Yes Unclear Yes No Yes unclear

Tang et al. [26] 2001 Yes Yes Yes Unclear Yes unclear

Ordemann et al. [20] 2001 Unclear Unclear Yes Yes Yes unclear

Hasegawa et al. [27] 2003 Yes Unclear Yes Yes Yes unclear

Leung et al. [28] 2003 Yes Yes Yes Yes Yes unclear

Wu et al. [29] 2003 Yes Unclear Yes Yes Yes unclear

Zhao et al. [30] 2005 Unclear Unclear Yes Yes Yes unclear

Yes = low risk of bias, No = high risk of bias, Unclear = risk of bias is unclear

Study or Subgroup
1.3.1 CD4+ POD1-3d
wu 2003
Zhao 2005
Subtotal (95% CI)
Heterogeneity: Chi² = 0.38, df = 1 (P = 0.54); I² = 0%
Test for overall effect: Z = 1.28 (P = 0.20)

1.3.2 CD8+ POD1-3
wu 2003
Zhao 2005
Subtotal (95% CI)
Heterogeneity: Chi² = 0.36, df = 1 (P = 0.55); I² = 0%
Test for overall effect: Z = 3.55 (P = 0.0004)

1.3.3 CD4+/CD8+ POD1-3
Tang 2001
Zhao 2005
Subtotal (95% CI)
Heterogeneity: Chi² = 0.00, df = 1 (P = 1.00); I² = 0%
Test for overall effect: Z = 1.28 (P = 0.20)

Test for subgroup differences: Chi² = 5.20, df = 2 (P = 0.07), I² = 61.5%

Mean

-0.276
-0.03

-0.091
0.01

0
-0.07

SD

0.39
0.17

0.13
0.1

0.91
0.36

Total

12
30
42

12
30
42

80
30

110

Mean

-0.25
-0.09

-0.141
-0.08

0.1
0.03

SD

0.26
0.16

0.183
0.099

1.15
0.33

Total

14
30
44

14
30
44

81
30

111

Weight

9.4%
90.6%

100.0%

14.8%
85.2%

100.0%

23.0%
77.0%

100.0%

IV, Fixed, 95% CI

-0.03 [-0.29, 0.23]
0.06 [-0.02, 0.14]
0.05 [-0.03, 0.13]

0.05 [-0.07, 0.17]
0.09 [0.04, 0.14]
0.08 [0.04, 0.13]

-0.10 [-0.42, 0.22]
-0.10 [-0.27, 0.07]
-0.10 [-0.25, 0.05]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-0.5 -0.25 0 0.25 0.5
Favours experimental Favours control

Fig. 2 Meta-analysis of CD4+, CD8+, CD4+/CD8+ after LS versus
OS for colorectal cancer. The mean difference estimates for individual
trials are shown in boxes calculated by the fixed effects model. Error

bars indicate 95% CI. Summary of effects is shown as a diamond that
spans the 95% CI
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function and drop in NK cell count postoperatively compar-
ing to preoperative levels in both groups, but a comparison of
the laparoscopic and open groups postoperatively showed no
significant difference. Hasegawa et al. [27] reported that NK
cell activity decreased slightly after surgery, and showed no
significant difference when comparing LS with OS group.
Tang et al. [26] reported the NK cell phagocytosis function
was similar between the laparoscopic and open groups.
Hewitt et al. [19] showed that NK cells decreased after
surgery with no difference by technique.

B-cell

Only two studies [28, 29] reported the number and
percentage of B cell; all showed no significant changes at
all time periods.

Levels of HLA-DR expression

Three studies [19, 20, 29] reported the levels of HLA-DR
expression on monocytes. All trials observed reduced
expression after surgery in both groups, but levels of
HLA-DR expression returned to normal sooner in the
laparoscopic group compared to open group. Ordemann et al.
[20] showed a significant increase on POD8 in LS group
compared to OS group. The other two studies [19, 29]
showed no significant difference between two groups.

IL-6

Eight studies [19–22, 24, 25, 27, 29] reported the IL-6
serum levels. All trials showed an increased level after
surgery and a maximum peak at postoperative 2–4 h in all
surgical groups. On POD0-1, when compared to OS

groups, five studies [20, 21, 24, 25, 29] demonstrated a
significant lower increase, and two studies [19, 27]
described no significant differences, while Stage et al.
[22] observed significantly higher increases in the laparo-
scopic group. All the eight studies did not observe
significant differences between the two groups on POD1-8.
The pooled data by Delgado et al. [25] and Wu et al. [29]
showed a trend towards less of an increase in the serum
level of IL-6, but there were no significant difference on
POD0-1 (WMD −37.07, Fix 95% CI −77.66 to 3.52 pg/ml,
P=0.07) and POD1-3 (WMD −8.05, Fix 95% CI −17.24 to
1.14 pg/ml, P=0.09) (Fig. 3)

CRP

Seven studies [21, 22, 24, 25, 27, 29, 30] reported the CRP
serum levels. Each trial showed an increased level after
surgery and a maximum peak on POD1-3 in every surgical
group. When compared with open groups, two studies [21,
27] observed a significantly lower increase, while Stage et al.
[22] demonstrated a significantly higher increase in laparo-
scopic groups on POD0-1. Four studies [21, 24, 25, 27]
observed significantly lower increases, while Stage et al.
[22] observed a significantly higher increase in the laparo-
scopic group on POD1-3. Schwenk et al. [21] observed a
significant lower increase in laparoscopic group on POD3-8.
Two studies [29, 30] observed no significant difference
between groups after surgery on POD0-8. The pooled data
by Delgado et al. [25] and Zhao et al. [30] showed a
significantly a lower increase on POD0-1 (WMD −1.26, Fix
95% CI −2.49 to −0.03 mg/l, P=0.05,) in the LS group
compared to the OS group, and no significant difference on
POD1-3 (WMD −0.16, Fix 95% CI −0.65 to 0.32 mg/l,
P=0.51) between groups (Fig. 4).

Study or Subgroup
1.1.1 IL-6 POD0-1
Delgado 2001
wu 2003
Subtotal (95% CI)
Heterogeneity: Chi² = 0.58, df = 1 (P = 0.45); I² = 0%
Test for overall effect: Z = 1.79 (P = 0.07)

1.1.2 IL-6 POD1-3
Delgado 2001
wu 2003
Subtotal (95% CI)
Heterogeneity: Chi² = 0.18, df = 1 (P = 0.67); I² = 0%
Test for overall effect: Z = 1.72 (P = 0.09)

Mean

94
80.6

22.6
3.6

SD

102.6
23.75

35.42
3.08

Total

39
12
51

39
12
51

Mean

144.1
98.6

34.5
10.6

SD

161.9
118.9

64.05
19.5

Total

58
14
72

58
14
72

Weight

59.4%
40.6%

100.0%

21.4%
78.6%

100.0%

IV, Fixed, 95% CI

-50.10 [-102.76, 2.56]
-18.00 [-81.72, 45.72]
-37.07 [-77.66, 3.52]

-11.90 [-31.78, 7.98]
-7.00 [-17.36, 3.36]
-8.05 [-17.24, 1.14]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours experimental Favours control

Fig. 3 Meta-analysis of IL-6 after LS versus OS for colorectal cancer. The mean difference estimates for individual trials are shown in boxes
calculated by the fixed effects model. Error bars indicate 95% CI. Summary of effects is shown as a diamond that spans the 95% CI
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Immunoglobulin

Only two studies [26, 30] reported the serum immunoglob-
ulin (G, M, A) levels after surgery. A postoperative decrease
was observed, but no significant difference was shown
between LS and OS groups, except in the work of Zhao et al.
[30], where a higher level of IgM was observed in the LS
group. We pooled the data on POD3 from the two studies,
and no significant differences were shown in subgroups: IgG
(SMD, Fix 95% CI 0.00 −0.26 to 0.27, P=0.97), IgM (SMD
0.01, Fix 95% CI −0.26 to 0.27, P=0.95). The IgA data were
not pooled due to the heterogeneity I2=97%.

Postoperative infectious complications

Seven studies [20, 21, 24–28] reported postoperative
infectious complications (wound infection, urinary tract

infection, pulmonary infection, intra-abdominal abscess).
The pooled data showed significant less infection risk (RR
0.73 M-H, Fixed 95% CI 0.24 to 2.24, P=0.008) in the LS
group compared to the OS group (Fig. 5).

Discussion

In our current descriptive summary of results and limited
meta-analysis, we found insufficient evidence to support the
contention that laparoscopic resection for CRC preserved
host immune function better than conventional open
surgery, although there was a trend towards improvement.
Major abdominal surgery clearly results in impairment of
immunologic function, especially cell-mediated response,
and this impact seems to correlate with the severity of
injury [31, 32]. This review described very limited evidence

Study or Subgroup
1.2.1 CRP POD0-1
Delgado 2001
Zhao 2005
Subtotal (95% CI)
Heterogeneity: Chi² = 0.97, df = 1 (P = 0.32); I² = 0%
Test for overall effect: Z = 2.00 (P = 0.05)

1.2.2 CRP POD1-3
Delgado 2001
Zhao 2005
Subtotal (95% CI)
Heterogeneity: Chi² = 0.71, df = 1 (P = 0.40); I² = 0%
Test for overall effect: Z = 0.65 (P = 0.51)

Mean

7.5
5.72

6.1
1.46

SD

3.64
2.7

5.29
0.97

Total

39
30
69

39
30
69

Mean

8.2
7.67

7.1
1.57

SD

4.69
4.39

4.36
1.01

Total

58
30
88

58
30
88

Weight

55.2%
44.8%

100.0%

5.9%
94.1%

100.0%

IV, Fixed, 95% CI

-0.70 [-2.36, 0.96]
-1.95 [-3.79, -0.11]
-1.26 [-2.49, -0.03]

-1.00 [-3.00, 1.00]
-0.11 [-0.61, 0.39]
-0.16 [-0.65, 0.32]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-4 -2 0 2 4
Favours experimental Favours control

Fig. 4 Meta-analysis of CRP after LS versus OS for colorectal cancer. The mean difference estimates for individual trials are shown in boxes
calculated by the fixed effects model. Error bars indicate 95% CI. Summary of effects is shown as a diamond that spans the 95% CI

Study or Subgroup
Delgado 2001
Hasegawa  2003
Leung 2000
Leung 2003
Ordemann 2001
schwenk 2000
Tang 2001

Total (95% CI)
Total events
Heterogeneity: Chi² = 1.48, df = 6 (P = 0.96); I² = 0%
Test for overall effect: Z = 2.63 (P = 0.008)

Events
2
1
1
2
2
2
5

15

Total
39
24
17
20
20
30

110

260

Events
10
3
1
5
5
5
7

36

Total
58
26
17
20
20
30

113

284

Weight
23.8%
8.5%
3.0%

14.8%
14.8%
14.8%
20.4%

100.0%

M-H, Fixed, 95% CI
0.30 [0.07, 1.28]
0.36 [0.04, 3.24]

1.00 [0.07, 14.72]
0.40 [0.09, 1.83]
0.40 [0.09, 1.83]
0.40 [0.08, 1.90]
0.73 [0.24, 2.24]

0.46 [0.26, 0.82]

Experimental Control Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.02 0.1 1 10 50
Favours experimental Favours control

Fig. 5 Meta-analysis of infectious complication after LS versus OS for colorectal cancer. The risk ratio estimates for individual trials are shown in
boxes calculated by the fixed effects model. Error bars indicate 95% CI. Summary of effects is shown as a diamond that spans the 95% CI
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of differences between OS and LS surgery. Leung et al. [28]
described a higher T-lymphocyte subsets count on POD8.
Zhao et al. [30] displayed a higher total lymphocytes count
on POD7. Ordemann et al. [20] reported an elevated expres-
sion of HLA-DR on POD4 in LS group. However, clinical
relevance of these isolated findings is likely very limited.

The inflammatory response is part of an effective host
immune process, but hyperinflammation has been linked to
immunosuppression [33]. Production of the proinflamma-
tory cytokines IL-6, TNF-alpha, and CRP are felt to be
accurate markers of the overall acute-phase response.
Certain plasma cytokine levels are used to monitor the
impact of surgical trauma [34]. In the present review, a
majority of trials showed significantly lower peak levels for
IL-6 and CRP (Table 1) after LS compared to open OS.

In hopes of defining clinical relevance better, we
performed subgroup analysis (POD0-1, POD1-3 and
POD3-8). These groupings were selected because they
broadly fit differences in study design for the available
trials, and clinically these time frames may represent
differences in surgical response from initial insult to
recovery. In subgroup POD0-1, T-lymphocyte and subsets,
B-lymphocyte, NK cell counts and function, the levels of
HLA-DR expression on monocytes failed to demonstrate a
significant difference between LS and OS groups [19, 20,
22, 27–29]. The majority of trials identified a lower peak
level for IL-6 [20, 21, 24, 25, 29] and CRP [21, 27] after
laparoscopic resection, and some studies did not [19, 27,
29, 30]. The data became more contradictory for the other
two subgroups (POD1-3 and POD3-8) (Table 1).

The advantage of a meta-analysis is that it provides a
method for aggregating similar studies to determine the best
estimate for the treatment effect [35]. Owing to the lack of
uniformity of data presentation, only the four studies
reporting mean ± SD were used in our meta-analysis of
immunological parameters. Our analysis was limited by the
fact that not all studies reported the same mediators, so we
could only use two studies which greatly limited the overall
effect assessment. Thus, we performed descriptive summary
and limited meta-analyses. Our meta-analysis identified a
higher level of CD8+ count on POD1-3, a lower level of CRP
on POD0-1 in LS group, and no significant differences in
circulating CD4+ counts, CD4+/CD8+ ratio, levels of IL-6,
CRP and Ig (DM) on POD1-3 between the two groups.
However, our analysis was underpowered because the full
panel of immunologic parameters was only present in two of
11 studies.

Our review was confined to assessment of circulating
peripheral immune cell numbers and the proinflammatory
cytokines CRP, IL-6. We did not review other immuno-
logical parameters such as delayed-type hypersensitivity
(DTH) response, T-lymphocytes Phagocytosis function and
Tumor necrosis factor-alpha (TNF-α), due to the insuffi-

cient reporting of these parameters. Additionally, the local
peritoneal immune responses are not defined as only Wu
et al. [29] reported a higher IL-8 level in the peritoneal
drain fluid (PDF) after LS was compared to OS. The impact
of pneumoperitoneum and insufflation gases on the immune
response was also not reviewed, which was not reported in
the trials involved in our study.

The data clearly associate the degree of postoperative
immunosuppression and the degree of surgical trauma, and
by extension the risk of infectious complications. Our meta-
analysis, confirmed a significantly lower risk of infection
(RR 0.46 M-H, Fixed 95% CI 0.26 to 0.82, P=0.008)
(Fig. 5) with LS. We performed a sensitivity analysis
excluding the Delgado et al. (2001) trial, whose weight is
largest in the meta-analysis, and still the benefit remained
(RR 0.51, 95% CI 0.27–0.96) with low heterogeneity (I2=
0%). Using random-effect models to assess overall effect,
the result was also not reversed (RR 0.51 M-H, Random
95% CI 0.27 to 0.97, I2=0%). Therefore, we concluded that
LS was associated with a significant decrease in postoper-
ative infectious complications.

Our systematic review analyzed 11 trials including 695
patients. This is a low number of patients. The selected
trials varied widely in sample size, ranging from 16 to 223.
Five of 11 trials included less than 50 subjects, and only
one trial [26] included more than 100 subjects. Only two
trials [21, 26] reported sample size estimation. We did not
attempt to contact all the authors of published trials to
clarify results that had not been shown but contributed to
the outcomes of literature reviews. Hadhazy et al. [36]
stated, “If the information has not been reported, it probably
has not been done”. Liddle et al. [37] proposed that if an
evaluation criterion was not addressed in an article, it
would be safe to assume that the criterion had not been met.

The main areas of methodological quality that were
consistently found to be deficient in the trials were the
allocation sequence adequately generated, and the reporting
of allocation concealment. Allocation concealment and
blinding of the assessors have been considered to be the
most relevant element in minimizing bias in RCTs [38, 39].
Effect estimates from trials with inadequate or unclear
concealment of treatment allocation were on average 25%
more beneficial than effect estimates from trials with
adequate concealment of allocation [40]. In our review,
only three [24, 26, 28] of 11 trials appeared to have
adequately concealed treatment allocation, which may
produce a high risk of selection bias. Because of the nature
of the trials, it was impossible to perform an analysis in
which the patients are blinded for the performed procedure.
The outcome (objective immunological laboratory measure-
ments) and the outcome measurement were not likely to be
influenced by lack of blinding. Hence, not performing blind
was not likely to produce performance bias. Participants
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who were randomized but subsequently found ineligible for
inclusion need not always be considered as having missing
outcome data (handbook 5.0). In this review, nine [19–22,
24, 27–30] studies had a low risk of incomplete data bias,
while one trial [26] had an unclear bias, and the other trial
[25] produced a high bias (Table 2). Another quality
indicator is to use the “intention-to-treat principle” [41]
for analysis in RCTs. In this review, we found that only four
[21, 24, 26, 28] trials explicitly reported on an intention-to-
treat analysis. In three studies [19, 22, 25], patients who
were intraoperatively converted to open resection were
excluded from further analysis, which failed to perform an
intention-to-treat analysis. If RCTs are to provide unbiased
assessments of treatment efficacy, investigators must apply
the “intention-to-treat principle”. It is a key issue of
external validity [42].

Conclusion

Whether LS for CRC produces a lower postoperative
systemic immunosuppression and inflammatory response
is difficult to confirm with the available data. This is
particularly true when assessing the immunological data.
There were trends in certain immune measures; however,
laparoscopic colectomy is clearly associated with signifi-
cant reductions in postoperative infections compared to
conventional open surgery. It may be that the tools we are
using are too imprecise or insensitive to small changes that
produce this result. Alternatively, there may other yet-to-be-
determined measures that are related to reductions in
infection. Either way, we suggest that the literature would
benefit from the consistent application of an agreed to set of
immunological parameters, uniformity in sample size
assessment and randomization, and uniformity of data
presentation. Until these data are produced, it will be
difficult to rely on biomarkers as surrogate measures for
important outcomes such as morbidity, mortality, survival
and recurrence.
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