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A B S T R A C T

Background

Colorectal cancer is one of the most common types of cancer in the Western world. Apart from surgery - which remains the mainstay

of treatment for resectable primary tumours - postoperative (i.e., adjuvant) chemotherapy with 5-fluorouracil (5-FU) based regimens

is now the standard treatment in Dukes´ C (TNM stage III) colon tumours i.e. tumours with metastases in the regional lymph nodes

but no distant metastases. In contrast, the evidence for recommendations of adjuvant therapy in rectal cancer is sparse. In Europe it

is generally acknowledged that locally advanced rectal tumours receive preoperative (i.e., neoadjuvant) downstaging by radiotherapy

(or chemoradiotion), whereas in the US postoperative chemoradiotion is considered the treatment of choice in all Dukes´ C rectal

cancers. Overall, no universal consensus exists on the adjuvant treatment of surgically resectable rectal carcinoma; moreover, no formal

systematic review and meta-analysis has been so far performed on this subject.

Objectives

We undertook a systematic review of the scientific literature from 1975 until March 2011 in order to quantitatively summarize the

available evidence regarding the impact of postoperative adjuvant chemotherapy on the survival of patients with surgically resectable

rectal cancer. The outcomes of interest were overall survival (OS) and disease-free survival (DFS).

Search methods

CCCG standard search strategy in defined databases with the following supplementary search. 1. Rect* or colorect* - 2. Cancer or

carcinom* or adenocarc* or neoplasm* or tumour - 3. Adjuv* - 4. Chemother* - 5. Postoper*

Selection criteria

Randomised controlled trials (RCT) comparing patients undergoing surgery for rectal cancer who received no adjuvant chemotherapy

with those receiving any postoperative chemotherapy regimen.

1Postoperative adjuvant chemotherapy in rectal cancer operated for cure. (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

mailto:SPET0035@bbh.regionh.dk


Data collection and analysis

Two authors extracted data and a third author performed an independent search for verification. The main outcome measure was the

hazard ratio (HR) between the risk of event between the treatment arm (adjuvant chemotherapy) and the control arm (no adjuvant

chemotherapy). The survival data were either entered directly in RevMan or extrapolated from Kaplan-Meier plots and then entered

in RevMan. Due to expected clinical heterogeneity a random effects model was used for creating the pooled estimates of treatment

efficacy.

Main results

A total of 21 eligible RCTs were identified and used for meta-analysis purposes. Overall, 16,215 patients with colorectal cancer were

enrolled, 9,785 being affected with rectal carcinoma. Considering patients with rectal cancer only, 4,854 cases were randomized to

receive potentially curative surgery of the primary tumour plus adjuvant chemotherapy and 4,367 to receive surgery plus observation.

The mean number of patients enrolled was 466 (range: 54-1,243 cases). 11 RCTs had been performed in Western countries and 10 in

Japan. All trials used fluoropyrimidine-based chemotherapy (no modern drugs - such as oxaliplatin, irinotecan or biological agents -

were tested).

Overall survival (OS) data were available in 21 RCTs and the data available for meta-analysis regarded 9,221 patients: of these, 4854

patients were randomized to adjuvant chemotherapy (treatment arm) and 4,367 patients did not receive adjuvant chemotherapy

(control arm). The meta-analysis of these RCTs showed a significant reduction in the risk of death (17%) among patients undergoing

postoperative chemotherapy as compared to those undergoing observation (HR=0.83, CI: 0.76-0.91). Between-study heterogeneity

was moderate (I-squared=30%) but significant (P=0.09) at the 10% alpha level.

Disease-free survival (DFS) data were reported in 20 RCTs, and the data suitable for meta-analysis included 8,530 patients. Of

these, 4,515 patients were randomized to postoperative chemotherapy (treatment arm) and 4,015 patients received no postoperative

chemotherapy (control arm). The meta-analysis of these RCTs showed a reduction in the risk of disease recurrence (25%) among

patients undergoing adjuvant chemotherapy as compared to those undergoing observation (HR=0.75, CI: 0.68-0.83). Between-study

heterogeneity was moderate (I-squared=41%) but significant (P=0.03).

While analyzing both OS and DFS data, sensitivity analyses did not find any difference in treatment effect based on trial sample size

or geographical region (Western vs Japanese). Available data were insufficient to investigate on the effect of adjuvant chemotherapy

separately in different TNM stages in terms of both OS and DFS. No plausible source of heterogeneity was formally identified, although

variability in treatment regimens and TNM stages of enrolled patients might have played a significant role in the difference of reported

results.

Authors’ conclusions

The results of this meta-analysis support the use of 5-FU based postoperative adjuvant chemotherapy for patients undergoing apparently

radical surgery for non-metastatic rectal carcinoma. Available data do not allow us to define whether the efficacy of this treatment is

highest in one specific TNM stage. The implementation of modern anti-cancer agents in the adjuvant setting is warranted to improve

the results shown by this meta-analysis. Randomized trials of adjuvant chemotherapy for patients receiving preoperative neoadjuvant

therapy are also needed in order to define the role of postoperative chemotherapy in the multimodal treatment of resectable rectal

cancer.

P L A I N L A N G U A G E S U M M A R Y

Postoperative adjuvant chemotherapy in rectal cancer operated for cure

The use of chemotherapy after curative surgery for non metastatic rectal cancer is widely used in the US, but not in Europe. This

systematic review and meta-analysis, which is the first in this field, shows a significant beneficial effect on both overall (OS) and disease-

free survival (DFS) for patients undergoing postoperative chemotherapy after removal of their primary rectal tumour. Further investi-

gation is needed to define the role of postoperative chemotherapy in the multimodal treatment of patients with rectal carcinoma: for

instance, modern anti-cancer agents (including so called “smart drugs”) and integration with neoadjuvant therapy (such as preoperative

chemoradiation) should be taken into consideration in order to improve the encouraging findings of this meta-analysis.
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B A C K G R O U N D

Although colorectal cancer is one of the most common cancers

in the Western world, the current practice of postoperative adju-

vant chemotherapy of resectable but advanced rectal cancer (i.e.

Dukes´ C adenocarcinoma of the rectum which is defined as the

lower 16 cm of the large bowel down to the anal verge or as the

bowel at or below the sacral promontory) is not based on solid ev-

idence and thus varies around the world (NCCN 2008, Glimelius

2010, Watanabe 2008, Wills 2001, Glimelius 2004). The local

recurrence rate without adjuvant therapy of resected Tany , N+, M0

(Dukes´ C) rectal cancer (for TNM and Dukes´ classification see

table 2 and 3 (SBU 2001)) is reported as high as 45-65% (before

the surgical procedure with total mesorectal excision (TME) was

generally applied) (Minsky 2001). When local failure does occur,

life expectancy and quality of life is affected, so preventing local

failure is an important end point in the treatment of rectal cancer.

The staging of tumours according to Dukes´ or the TNM classifi-

cation is used for prognostic assessment, but has been modified as

described by Astler-Coller (SBU 2001) as tumour penetrating into

adjacent organs but classified as Dukes´ B seems to have as bad a

prognosis as the localized tumour with regional lymphatic metas-

tasis classified as Dukes´ C. Thus in many recent papers Astler-

Coller stage B2 and C are considered and analysed as a prognos-

tic entity. Different surgical techniques have been used, and total

mesorectal excision (TME) has reduced the recurrence rate con-

siderably, but cannot stand alone (Beart 2001, Kronborg 1998).

The use of pre- or postoperative radiation and chemoradiation

as adjuvant therapy has lowered the incidence of local recurrence

(Wolpin 2007) as well as mortality (Wong 2007).

Despite these improvements there might be potential for adjuvant

postoperative chemotherapy to eliminate circulating tumour cells

and micro- metastases. During the 1970´ s several trials with 5-

Fluorouracil (5-FU), semustine and vincristine (MOF) given in-

travenously were reported to increase survival in advanced colon

cancer, whereas it failed to show any improvement compared

with surgery alone in localized resectable colorectal tumours (SBU

2001). In the 1980´ s the NSABP C-03 protocol compared MOF

treatment with 6 months of 5-FU combined with the 5-FU mod-

ulating agent Leucovorin in Dukes´ B and C colon cancers. A sig-

nificant improvement in disease free survival and overall survival,

more pronounced in Dukes´ C than in Dukes´ B cancers, was

found. Later trials have confirmed this effect on Dukes´ C can-

cers compared to surgery alone, whereas the difference in Dukes´

B cancers is less certain (Beart 2001). Another 5-FU modulating

agent, the anti-parasitic drug levamisole has been tested and with a

treatment for 12 months showed an advantage in survival of 68%

versus 48% compared with 5-FU alone (SBU 2001). These re-

sults correspond with the results of 6 months with 5-FU and Leu-

covorin. Leucovorin or levamisole in combination with 5-FU has

now become the standard treatment for Dukes´ C colon cancer

on both sides of the Atlantic Ocean. In later years 5-FU has been

combined with oxaliplatin (FOLFOX). It is a treatment which is

well tolerated and with few side effects. However, none of these tri-

als found a significant effect on rectal cancer. Some chemotherapy

agents e.g. 5-FU have been shown to sensitize the malignant cells

to radiotherapy (Dobelbower 1991). A combination of postopera-

tive radiation and chemotherapy with the MOF regimen has been

tested only in small series in rectal cancer. It has shown little or no

difference in 5-year survival but is none the less recommended as

a standard treatment in the USA (SBU 2001). In the later years

the preoperative neoadjuvant treatment has become increasingly

popular - especially in Europe reducing local recurrence and prob-

ably cancer related death (Wong 2007).

In earlier trials colon and rectal cancers were treated and analysed

as a unity, even though trials showed a very different behaviour

of seemingly identical tumours depending on location. In the rec-

tum there are more local recurrences and fewer distant metastases

(Compton 2001). Moreover rectal cancer responds differently to

chemotherapy than does colon cancer. This has been attributed to

the differences of the lymphatic drainage in the two parts of the

large bowel and to the anatomy, with the rectum placed in the tight

pelvis surrounded with loose connective tissue, and the colon in

free peritoneum draining directly into the large vessels (Compton

2001). Since 1990 the Gastrointestinal Tumour Study group and

the Mayo/North Central Cancer Treatment Group have recom-

mended postoperative 5-FU alone or in combination to all pa-

tients with T3, N1−2 rectal cancer. In Europe preoperative radia-

tion was primarily reserved for tumours of the rectum that have

extended into adjacent tissue and thus are too fixed to be removed

by immediate surgery. Preoperative radiotherapy is now given to

many patients in a number of European countries. This preoper-

ative downstaging consists of a short but potent course of radio-

therapy which usually makes the tumour shrink so that it can be

removed by subsequent surgery. In Europe postoperative chemo-

therapy regimens are reserved for patients with colon cancer (Wills

2001) and centres with experimental protocols for postoperative

adjuvant therapy for rectal cancer.

In recent decades, substantial progress has been made in the treat-

ment of rectal cancer. Improved preoperative staging and new sur-

gical techniques have played a major role in improving treatment

outcome (NCCN 2008, Enker 1995,Kapiteijn 2002). Further-

more, in locally advanced stages of rectal carcinoma, i.e. stage II

(node-negative disease with transmural invasion. T3−4, N0, M0)

and stage III (node-positive disease. Any T, N1−2, M0), surgery is

often supported by combined modality therapy to further reduce

the risk of local and distant recurrence.

Precise anatomical excision of the rectum and its mesentery (total

mesorectal excision (TME)) is now considered the cornerstone of

adequate treatment for rectal cancer and has led to improvements

in local recurrence rate and long-term outcomes (Kapiteijn 2002).

Several studies have shown a further decrease in local failure
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rates when adding radiotherapy or chemoradiation before or after

surgery, and some of these studies have been able to show a bene-

fit regarding overall survival (OS) and disease free survival (DFS)

when surgery is combined with radiation (Kapiteijn 2001, SECT

1997, Skibber 2001) or chemoradiation (GTSG 1985, Krook

1991, Mohiuddin 2006, Janjan 2001, Bosset 2005).

In most cases chemotherapy when combined with radiation re-

mains fluoropyrimidine-based (NCCN 2008). Often a continu-

ous infusion of 5-FU is recommended although capecitabine, an

oral 5-FU prodrug, is considered a valid alternative during radio-

therapy (Glynne-Jones 2006, Dunst 2008, Kim 2005).

There is evidence that preoperative chemoradiation therapy as

compared with postoperative chemoradiation therapy in patients

with advanced rectum cancer, improves local control, and is asso-

ciated with reduced toxicity and at least similar survival endpoints

(Sauer 2004, Roh 2004). Based on these results, preoperative treat-

ment with chemoradiation in patients with stage II and III rectal

cancer has recently become the preferred approach in Europe and

in the USA.

With the improved local control, locoregional relapse is now ex-

ceeded by the rate of development of systemic metastases (Gerard

2006, Bujko 2004, Bosset 2006). The major question arising is

whether patients with locally advanced rectum cancer should be

offered postoperative adjuvant chemotherapy, which is regarded

by some as standard treatment for all patients with resectable stage

II and III rectal cancer after preoperative treatment (NCCN 2008,

Guillem 2008, NIH CC 1990), while others suggest adding post-

operative chemotherapy to a selected group of patients with neg-

ative prognostic markers (Das 2006, Fietkau 2006).

The efficacy of adjuvant chemotherapy in rectal cancer is still un-

clear, partly because many studies addressing this subject include

patients with colon cancer, despite important differences in the

clinical behaviour of these two distinct diseases (Madoff 2008).

Although the effect of adjuvant chemotherapy is assumed to be

similar in rectal and colon cancer, there is little direct randomized

evidence to support this.

The Quasar trial (Quasar CG 2007) found a small significant im-

provement in survival when patients with stage II colorectal cancer

were treated with adjuvant 5-FU and folinic acid. None of the pa-

tients had been treated with chemotherapy prior to the operation

and approximately 50% of the patients had received radiotherapy.

The EORTC trial 22921 (Bosset 2006 (EORTC),Collette 2007)

showed no significant benefit in terms of DFS or OS from the

addition of postoperative 5-FU and leucovorin when given to pa-

tients with cT3-4, M0 rectal cancer. A subgroup analysis was able

to show that delivery of adjuvant chemotherapy prolonged both

time to relapse and the survival time when given to patients whose

disease had been down-staged to pT0-2 by preoperative treatment.

Accordingly Nora et al. (Janjan 2001) showed that the adminis-

tration of adjuvant 5-FU chemotherapy improved cancer specific

survival, but only among patients who responded to preoperative

chemoradiation.

In contrast Japanese studies of Uracil-Tegafur (UFT, an oral fluo-

ropyrimidine) did suggest an advantage to postoperative adjuvant

chemotherapy in rectal cancer (Sakamoto 2007 (JFMTC15-1),

Tanaka 2007). The patients in this study did not receive neoadju-

vant treatment.

Though the evidence of additional postoperative adjuvant chemo-

therapy remains controversial, the idea of using non-cross resis-

tant chemotherapy in the postoperative setting has emerged and

the combination of 5-FU and oxaliplatin (FOLFOX), which has

shown superiority over 5-FU and Leucovorin in adjuvant treat-

ment of colon cancer, is now widely used as adjuvant treatment

in locally advanced rectum cancer as well (NCCN 2008, Rödel

2007).

In order to clarify perspectives and establish evidence-based recom-

mendations for future postoperative treatment of resectable rectal

cancer, a thorough critical review of the literature is performed.

O B J E C T I V E S

Since no consensus exists on this subject, we undertook a system-

atic review of the scientific literature from 1975 till now (March

2011) in order to quantitatively summarize the available evidence

regarding the impact of postoperative adjuvant chemotherapy on

the survival of patients with surgically resectable rectal cancer. The

main outcomes of interest were overall survival (OS) and disease-

free survival (DFS). Treatment related toxicity was also evaluated.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomized controlled trials (RCT) comparing pa-

tients undergoing radical surgery for non-metastatic rectal cancer

(Tany , Nany , M0) who received no adjuvant chemotherapy with

those receiving any postoperative chemotherapy regimen. Only

RCT where the selection criteria are thoroughly reported were

considered.

Types of participants

Patients of both genders and of all ages who were surgically treated

with curative intent for non-metastatic rectal cancer (Tany , Nany ,

M0) and received any kind of postoperative adjuvant chemother-

apy compared to patients with the same disease but receiving no
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postoperative treatment. Patients with locally resectable cancers,

with no local spread or regional metastasis (Dukes´ A and B1) and

patients with distant metastasis (Dukes´ D) were only included

if the different stagegroups could not be separated.

Types of interventions

All regimens of postoperative chemotherapy (IV, (bolus or contin-

uous infusion) intraportal infusion and oral administration of sin-

gle or multi agent chemotherapy) were compared to control group,

receiving no treatment or placebo. Patients receiving preoperative

radiotherapy who were subsequently randomized to postoperative

chemotherapy or a control group both with or without radiother-

apy were included and results assessed separately for the effect of

chemotherapy only.

Types of outcome measures

The main outcome measures were hazard ratios (HR) for both

overall (OS) and disease-free survival (DFS).

Adverse effects of the treatment (e.g., nausea, vomiting, stomatitis,

anorexia, diarrhoea, alopecia, leucopenia, thrombocytopenia and

anaemia) were also recorded, if available.

Finally, we verified whether the reports described Quality-of-Life

and cost-effectiveness.

Search methods for identification of studies

We searched the following databases from 1970 and prospectively

up to March 2011:

a) EMBASE

b) Medline via PUBMED

c) Cochrane Collaboration Central Register

d) CancerLit

e) CCCG specialized register

We used the following search terms:

1. Rect* or colorect*

2. Cancer or carcinom* or adenocarc* or neoplasm*

3. Adjuv*

4. Chemother*

5. Postoper*

Searching Pubmed and CancerLit, the above search strategy was

combined with the Cochrane Collaboration optimally sensitive

Medline search strategy for identifying randomised clinical trials.

EMBASE was searched manually for randomised clinical trials.

Literature references in reviews and papers are searched manually

for additional papers.

Data collection and analysis

Eligibility of the retrieved articles was assessed by title and abstract.

If this information were insufficient for eligibility assessment, the

full article was reviewed. All authors participated in the dataex-

traction proces and independent search for verification. After all

eligible studies had been identified, the reviewers independently

performed a quality evaluation of the heterogeneity between stud-

ies, randomization, blinding and follow-up as well as data-extrac-

tion. The reviewers achieved consensus on all results considered

for the final analysis.

Meta-analysis was performed following the Cochrane Handbook

(Higgins 2008) and PRISMA (Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses) guidelines (PRISMA). Stan-

dard meta-analysis methods (Sutton 2000) were applied to evalu-

ate the overall effect of postoperative chemotherapy on DFS and

OS.

The main outcome measure was the hazard ratio (HR) between

the risk of event in the treatment arm (adjuvant chemotherapy)

and the control arm (no adjuvant chemotherapy). 95% confidence

intervals (CI) were used as a measure of estimate uncertainty. Sur-

vival data (HR) were either entered directly in RevMan or extrap-

olated from Kaplan-Meier plots using the methods described by

Parmar (Parmar 1998). Due to expected clinical heterogeneity a

random effects model was used for creating the pooled estimates

of efficacy.

The consistency of results (effect sizes) among studies was assessed

using the two standard heterogeneity tests, that is, the chi-squared

based Cochran Q-test and the I-squared statistic (Higgins 2002).

To be more conservative, we considered that heterogeneity was

statistically significant when the Cochran Q-test P-value was less

than 0.1 (i.e., the alpha level of significance for this test was set

at 10%). In addition, inconsistency across studies was considered

low, moderate and high for I-squared values lower than 25%,

between 25% and 50% and greater than 50%, respectively.

Sensitivity analyses (i.e., subgroup analysis and leave-one-out pro-

cedure) were used to reveal potential sources of heterogeneity. Pre-

defined subgroups were defined by geographical origin of the trial

(ethnicity) and sample size. In order to assess the effect of inade-

quate sample size, we conducted a sensitivity analysis by excluding

small studies. The definition of “small studies” was based on the

minimum sample size needed to identify an HR equal to 2 with a

statistical power equal to 80% in an ideal trial where patients are

allocated to treatment or observation with a 1:1 randomization

ratio: with these settings, studies enrolling fewer than 100 patients

per arm were excluded. The extent to which the combined risk

estimate might be affected by individual studies was assessed by

consecutively omitting every study from the meta-analysis (leave-

one-out procedure).

Funnel plot was used to detect the so-called “small-study effect”.

Publication and selection biases in meta-analysis are more likely to

affect small studies, which also tend to be of lower methodological

quality: this may lead to a smaller study effect, where the smaller

studies in a meta-analysis show larger treatment effects; further-

more, small-study effect may also arise because of between-trial

heterogeneity (Sterne 2000). Funnel plot asymmetry was formally
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investigated with the Egger linear regression approach and the

Begg rank correlation test: to be more conservative, we considered

these tests statistically significant when the P-value was less than

0.1. The impact of small-study effect bias on the summary effects

was formally assessed by means of the the trim-and-fill method

described by Duval and Tweedie (Duval 2000).

Statistical analyses were performed using the Cochrane dedicated

software RevMan and STATA (version SE 11.1, STATA, College

Station, TX, USA).

Quality of life assessments were included only if assessed by ac-

knowledged QoL scoring systems such as SF 36 or EORTC QLQ

C-30 (Ware 1992, Aaronson 1993).

Protocol and review were peer reviewed by the Cochrane Colorec-

tal Cancer Group for publication in the Cochrane Library.

R E S U L T S

Description of studies

A total of 21 eligible RCTs were identified and used for meta-

analysis purposes. Overall, 16,215 patients with colorectal can-

cer were enrolled, 9,785 being affected with rectal carcer. Con-

sidering patients with rectal cancer only (the target population of

this meta-analysis), 4,854 cases were randomized to receive poten-

tially curative surgery of the primary tumour plus adjuvant chemo-

therapy and 4,367 to receive surgery plus observation. The mean

number of patients enrolled was 466 (range: 54-1243 cases). 11

RCTs had been performed in Western countries and 10 in Japan.

All trials used fluoropyrimidine-based chemotherapy (no modern

drugs - such as oxaliplatin, irinotecan or biological agents - were

tested), the systemic route of administration being virtually always

adopted.

The main features of these RCT are described below and in the

dedicated Tables (see Characteristics of Included Studies section).

1) US trial: this multicentre RCT was carried out on behalf of the

Central Oncology Group (COG) and its findings were published

in 1981 (Grage 1981). Patients with colorectal cancer (n=134)

received apparently radical surgery of the primary tumour and

were randomized to one of the following two arms:

- observation (n=67)

- postoperative adjuvant chemotherapy (n=67)

Systemic chemotherapy regimens consisted of 5-FU alone. The

authors provided separate data for colon and rectal cancer (n=

64), which enabled us to include this study in the present meta-

analysis.

A survival advantage was observed for patients with stage III col-

orectal cancer and those with rectal cancer.

2) NSABP trial: this US multicentre RCT was carried out on

behalf of the National Surgical Adjuvant Breast and Bowel Project

(NSABP) and the results were published in 1988 (Fisher 1988

(NSABP)). Patients with rectal cancer only received apparently

radical surgery of the primary tumour and were randomized to

one of the following three arms:

- observation (n=191)

- adjuvant radiotherapy (n=190)

- adjuvant chemoradiation (n=193)

Systemic chemotherapy was a combination of 5-FU, semustine

(methyl-CCNU)and vincristine (MOF). Chemotherapy provided

a survival advantage (both OS and DFS) only in males. Radio-

therapy improved DFS but not OS.

3) GTSG trial: this US national RCT was performed on behalf

of the Gastrointestinal Tumor Study Group (GTSG) and the re-

sults were presented in 1985 (GTSG 1985) and 1988 (Thomas

1988 (GTSG)). Patients with rectal cancer only underwent radical

surgery for the primary tumour and were randomized to one of

the following four arms:

- observation (n=58)

- adjuvant chemotherapy (n=48)

- adjuvant radiotherapy (n=50)

- adjuvant radio-chemotherapy (n=46)

Systemic chemotherapy consisted of a combination of 5-FU with

semustine. In this meta-analysis we compared patients random-

ized to adjuvant chemotherapy (n=48) versus those randomized

to observation (n=58)

4) Swedish trial: the results of this multicentre RCT were pub-

lished in 1990 (Hafström 1990). Patients with colorectal cancer

undergoing radical surgery for the primary tumour (n=331) were

randomized to one of the following two arms:

- observation (n=176)

- adjuvant chemotherapy (n=155)

These investigators used a combination systemic chemotherapy

regimen including 5-FU, lomustine (CCNU) and vincristine. The

authors provided separate data for colon and rectal cancer (n=

99), which enabled us to include this study in the present meta-

analysis.

No survival advantage was reported. 29 patients (out of 147 who

started chemotherapy) discontinued the treatment due to toxicity

(mainly gastrointestinal); in 30 patients treatment was interrupted

due to early disease recurrence.

5) NCCTG trial: this US multicentre RCT was carried out on

behalf of the North Central Cancer Treatment Group (NCCTG)

and the results were published in 1991 (Krook 1991 (NCCTG)).

Patients with rectal cancer only received apparently radical surgery

of the primary tumor and were randomized to one of the following

two arms:

- adjuvant radiotherapy (n=100)

- adjuvant radiotherapy associated with chemotherapy (n=104)

These investigators used a combination systemic chemotherapy

regimen including 5-FU and semustine (methyl-CCNU). The

combination of postoperative local therapy with radiation plus

fluorouracil and systemic therapy with a fluorouracil-based regi-

men significantly improved the outcome of patients with locally
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advanced rectal cancer as compared with postoperative radiation

alone.

6) SGACCS trial: this Japanese multicentre RCT was carried out

on behalf of the Cooperative Study Group of Surgical Adjuvant

Chemotherapy for Colorectal Cancer (SGACCS) and the authors

published the results in 1991 (Matsuda 1991 (SGACCS)). Patients

undergoing curative surgery for colorectal cancer were randomized

to one of the following two arms:

- observation (n=1182)

- adjuvant chemotherapy (n=1295)

Chemotherapy consisted of Tegafur (an oral fluoropyrimidine)

plus intravenous mitomycin-C (MMC). The original article is

in Japanese: for this meta-analysis, the data were retrieved from

an individual patient data (IPD) meta-analysis (Sakamoto 1999)

where patients with rectal cancer treated with surgery alone (n=

598) were compared with those treated with adjuvant chemother-

apy (n=645).

7) CCCSGJ trial: this Japanese multicentre RCT was carried out

on behalf of the Colorectal Cancer Chemotherapy Study Group

of Japan (CCCSGJ) and its findings were published in 1995

(CCCSGJ 1995). Patients with rectal cancer only received appar-

ently radical surgery of the primary tumour and were randomized

to one of the following three arms:

- observation (n=335)

- adjuvant systemic chemotherapy (n=323)

- adjuvant intra-arterial chemotherapy (with MMC) + adjuvant

systemic chemotherapy (n=346)

The systemic chemotherapy regimen consisted of MMC com-

bined with 5-FU.

The authors concluded that adjuvant use of long term oral 5-FU

and intermittent MMC (i.v.) improves the survival rate of patients

with curatively resected rectal cancer; regional chemotherapy made

no contribution to reducing hepatic recurrence of colon cancer or

local recurrence of rectal cancer.

8) Austrian trial: in this single centre RCT, whose results were

published in 1996 (Kornek 1996), patients with rectal cancer only

underwent radical surgery and were randomized to one of the

following two arms:

- observation (n=29)

- adjuvant chemotherapy (n=28)

In this trial, adjuvant treatment consisted of a combination of

locoregional chemotherapy (mitoxantrone, administered within

the pelvic cavity) and systemic chemotherapy with leucovorin +

5-FU. An advantage for the chemotherapy arm was observed in

terms of both OS and DFS; this benefit appeared greater in stage

II rectal cancer.

9) TSGHCFU trial: this Japanese multicentre RCT was con-

ducted on behalf of the Tokai Study Group on HCFU (TS-

GHCFU), the findings being published in 1996 (Ito 1996

(TSGHCFU)). Patients undergoing curative surgery for colorec-

tal cancer (n=170) were randomized to one of the following two

arms:

- observation (n=83)

- postoperative chemotherapy (n=87)

Systemic chemotherapy consisted of HCFU (1-hexylcarbamoyl-

5-fluorouracil, an oral fluoropyrimidine). The authors provided

separate data for colon and rectal cancer (n=77), which enabled

us to include this study in the present meta-analysis.

10) JFMTC 7-2 trial: this Japanese multicentre RCT was per-

formed on behalf of the Japanese Foundation of Multidisciplinary

Treatment for Cancer (JFMTC) and the results were published in

1997 (Yasutomi 1997 (JFMTC 7-2)). Patients with rectal cancer

only underwent radical surgery and were randomized to one of

the following two arms:

- observation (n=356)

- adjuvant chemotherapy (n=357)

The chemotherapy regimen was a combination of HCFU (oral)

with MMC (intravenously). The original article is in Japanese:

the relevant data for this meta-analysis were retrieved from an

individual patient data (IPD) meta-analysis conducted in 2004 by

the Meta-analysis Group in Cancer (see Sakamoto 2004).

11) JFMTC 7-1 trial: this Japanese multicentre RCT was per-

formed on behalf of the Japanese Foundation of Multidisciplinary

Treatment for Cancer (JFMTC) and the results were published in

1998 (Kodaira 1998 (JFMTC 7-1)). Patients with rectal cancer

only underwent radical surgery and were randomized to one of

the following two arms:

- observation (n=398)

- postoperative adjuvant chemotherapy (n=396)

Systemic chemotherapy was a combination of MMC (i.v.) and

UFT (uracil-tegafur, an oral fluoropyrimidine).

12) NACCP trial: this Dutch multicentre RCT was conducted

on behalf of the Netherlands Adjuvant Colorectal Cancer Project

(NACCP), the findings being published in 2001 (Taal 2001

(NACCP)). Patients undergoing curative surgery for colorectal

cancer were randomized to one of the following two arms:

- observation (n=515)

- adjuvant chemotherapy (n=514)

Systemic chemotherapy consisted of 5-FU plus levamisole. More

than 50% of patients with rectal cancer underwent radiotherapy.

The authors provided separate data for colon and rectal cancer

(n=299), which enabled us to include this study in the present

meta-analysis. Compliance to chemotherapy was 69% and severe

toxicity was not observed. The authors conclude that one year 5-

FU plus levamisole was of benefit in stage II and III colon cancer,

whereas in rectal cancer a significant positive effect could not be

demonstrated.

13) TACSG trial: this Japanese multicentre RCT was conducted

on behalf of the Tokai Adjuvant Chemotherapy Study Group

(TACSG) and its findings were published in 2002 (Kato 2002

(TACSG)). Patients undergoing curative surgery for colorectal
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cancer (n=320) were randomized to one of the following two arms:

- observation (n=145)

- postoperative chemotherapy (n=144)

Systemic chemotherapy consisted of UFT (uracil-tegafur, an oral

fluoropyrimidine). The authors provided separate data for colon

and rectal cancer (n=143), which enabled us to include this study

in the present meta-analysis.

14) Italian trial: in this national RCT, whose findings were pub-

lished in 2003 (Cafiero 2003), patients with rectal cancer only

received apparently radical surgery of their primary tumour and

were randomized to one of the following two arms:

- adjuvant radiotherapy (n=108)

- adjuvant radiotherapy + adjuvant chemotherapy (n=110)

The systemic chemotherapy regimen consisted of 5-fluorouracil

(5-FU) and levamisole. The authors conclude that postoperative

treatment does not improve patient clinical outcome, but also un-

derscore the fact that low compliance to the chemotherapy reg-

imen might have compromised an adequate comparison of the

two arms (i.e., adjuvant chemotherapy might have resulted falsely

ineffective due to the low compliance to treatment).

15) JFMTC 15-2 trial: this Japanese multicentre RCT was per-

formed on behalf of the Japanese Foundation of Multidisciplinary

Treatment for Cancer (JFMTC) and the results were published in

2004 (Watanabe 2004 (JFMTC15-2)). Patients with rectal cancer

only received apparently radical surgery of their primary tumour

and were randomized to one of the following three arms:

- observation (n=229)

- adjuvant chemotherapy (n=218)

- adjuvant chemotherapy combined with immunotherapy (n=222)

Systemic chemotherapy: UFT (oral) + MMC and 5-FU (intra-

venously). Immunotherapy: OK-432. For this meta-analysis, data

were retrieved from an individual patient data (IPD) meta-anal-

ysis (Sakamoto 2007 (JFMTC15-1)) where patients treated with

surgery alone (n=122) were compared to patients undergoing

surgery plus any adjuvant treatment (n=269)

16) NGTATG trial: the data, which were published in 2005

(Glimelius 2005 (NGTATG)), are presented as a pooled analysis of

RCT conducted in Northern Europe on behalf of the Nordic Gas-

trointestinal Tumor Adjuvant Therapy Group (NGTADG). Pa-

tients underwent curative resection of colorectal cancer (n=2224)

and were randomized to one of the following two arms:

- observation (n=1121)

- postoperative adjuvant chemotherapy (n=1103)

Systemic chemotherapy regimens consisted of 5-FU combined

with leucovorin, levamisole or both. The authors provided separate

data for colon and rectal cancer (n=691), which enabled us to

include this study in the present meta-analysis.

17) EORTC trial: this European multicentre RCT was carried

out on behalf of the European Organization for Research and

Treatment of Cancer (EORTC), the findings being published in

2006 (Bosset 2006 (EORTC)). Patients with rectal cancer only

received apparently radical surgery of the primary tumour and

were randomized to one of the following four arms:

- preoperative radiotherapy (n=252)

- preoperative chemoradiation (n=253)

- preoperative radiotherapy and postoperative chemotherapy (n=

253)

- preoperative chemoradiation and postoperative chemotherapy

(n=253)

Systemic chemotherapy consisted of 5-FU plus leucovorin. In pa-

tients with rectal cancer who receive preoperative radiotherapy,

adding fluorouracil-based chemotherapy preoperatively or post-

operatively had no significant effect on survival; chemotherapy,

regardless of whether it was administered before or after surgery,

conferred a significant benefit with respect to local disease control.

18) JFMTC 15-1 trial: this Japanese multicentre RCT was per-

formed on behalf of the Japanese Foundation of Multidisciplinary

Treatment for Cancer (JFMTC) and the results were published in

2007 (Sakamoto 2007 (JFMTC15-1)). Patients with rectal cancer

only received apparently radical surgery of the primary tumour

and were randomized to one of the following four arms:

- observation (n=229)

- adjuvant chemotherapy (n=218)

Chemotherapy consisted of Uracil-Tegafur (UFT, an oral fluo-

ropyrimidine) plus intravenous 5-FU and MMC. The data are

from an individual patient data (IPD) meta-analysis of RCT per-

formed in Japan on the use of adjuvant chemotherapy for the

treatment of rectal cancer (no original article on this specific RCT

was published).

19) QUASAR trial: this UK national RCT was carried out on be-

half of the QUick And Simple And Reliable (QUASAR) Collab-

orative Group, the findings being published in 2007 (QUASAR

2007). Patients undergoing curative surgery for colorectal cancer

were randomized to one of the following two arms:

- observation (n=1617)

- adjuvant chemotherapy (n=1622)

Systemic chemotherapy consisted of 5-FU + folinic acid. The au-

thors provided separate data for colon and rectal cancer (n=948),

which enabled us to include this study in the present meta-anal-

ysis. The authors conclude that chemotherapy with fluorouracil

and folinic acid could improve survival of patients with stage II

colorectal cancer, although the absolute improvements are small

(assuming 5-year mortality without chemotherapy is 20%, the rel-

ative risk of death seen in this RCT translates into an absolute

improvement in survival of 3.6%).

20) Japanese monocentric trial: in this single centre RCT, whose

results were published in 2009 (Koda 2009), patients with col-

orectal cancer (n=124) underwent radical surgery for the primary

tumour and were randomized to on the following two arms:

- observation (n=67)

- postoperative chemotherapy (n=57)

The systemic chemotherapy regimen was a combination of HCFU

(oral) with 5-FU (i.v.). The authors provided separate data for

colon and rectal cancer, which enabled us to include this study in
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the present meta-analysis.

21) Japanese national trial: this study, whose findings were pub-

lished in 2011 (Hamaguchi 2011), is an update of the trial de-

scribed by Akasu in 2006 (Akasu 2006). In this multicentre RCT,

patients with rectal cancer only received apparently radical surgery

of the primary tumour and were randomized to one of the follow-

ing two arms:

- observation (n=135)

- postoperative chemotherapy (n=139)

Systemic chemotherapy consisted of UFT (uracil-tegafur, an oral

fluoropyrimidine).

Risk of bias in included studies

See the dedicated Risk of Bias Tables below.

In general most methodological problems occurred in the ran-

domisation procedures and the reporting of these procedures. In

eight studies the allocation was considered concealed (CCCSGJ

1995, Fisher 1988 (NSABP), Kato 2002 (TACSG), Kodaira 1998

(JFMTC 7-1), Kornek 1996, Taal 2001 (NACCP), Thomas 1988

(GTSG)) and in two it remains unclear (Hafström 1990, Krook

1991 (NCCTG)). The timing of randomisation was only ade-

quately described in three studies (Kodaira 1998 (JFMTC 7-1),

Kornek 1996, Taal 2001 (NACCP)) and was unclear in the rest

of the included studies.

None of the studies included any Quality of Life data. None of the

studies used an intention to treat design or reported it in a useful

manner.

Quality of follow up: In all but one study (Kornek 1996) the

exact number of patients followed up was reported. In two studies

the exact number of survivors were reported (CCCSGJ 1995,

Fisher 1988 (NSABP)). In one study the number of survivors

were reported for 5 years, but the 3 years survival data had to be

extracted from the Kaplan-Meier plots (Grage 1981). In the rest

of the included studies the survival data were extracted from the

survival plots.

The included studies showed considerably clinical heterogeneity

in terms of chemotherapy regimens.

Effects of interventions

Overall Survival (OS)

OS data were available in 21 RCTs enrolling 9,785 patients with

rectal cancer. The data available for meta-analysis regarded 9,221

patients. Of these, 4,854 patients were randomized to adjuvant

chemotherapy (treatment arm) and 4,367 patients did not receive

adjuvant chemotherapy (control arm).

Meta-analysis of these RCT (see Figure 1) showed a significant

risk reduction (17%) in patients undergoing postoperative che-

motherapy as compared to those undergoing observation (HR=

0.83, CI: 0.76-0.91). Between-study heterogeneity was moderate

(I-squared=30%) but significant (P=0.09) at the 10% alpha level.

Figure 1. Forest plot of comparison: 1 Adjuvant vs No Adjuvant˙ALL, outcome: 1.1 Overall Survival (OS).
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The leave-one-out sensitivity analysis showed no dominant RCT,

which demonstrates that the overall effect estimate is not affected

by the findings of a single RCT. As shown in Figure 2, a small-study

effect was likely to be present (Begg test P=0.09, Egger test P=

0.13), and the trim & fill procedure revealed that 4 studies might

be missing: however, their addition to the meta-analysis would

not significantly change the meaning of our findings (adjusted

HR=0.86; CI: 0.78-0.94). On the other hand, exclusion of RCT

enrolling fewer than 100 patients per arm yielded very similar

results (HR=0.85; CI: 0.78-0.93) (see Figure 3).

Figure 2. Funnel plot of comparison: 1 Adjuvant vs No Adjuvant˙ALL, outcome: 1.1 Overall Survival (OS).
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Figure 3. Forest plot of comparison: 2 Adjuvant vs No Adjuvant˙Large studies, outcome: 2.1 Overall

Survival (OS).

When the geographic/ethnic origin of the trial was taken into con-

sideration (Western vs Japanese), no substantial differences were

observed in terms of both overall effect and heterogeneity (see

Figure 4 and Figure 5): in particular, adjuvant chemotherapy re-

sulted associated with better survival both among Western (HR=

0.82, CI: 0.72-0.92) and Japanese trials (0.85, CI: 0.74-0.97).

Figure 4. Forest plot of comparison: 5 Adjuvant vs No Adjuvant˙Western, outcome: 5.1 Overall Survival

(OS).
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Figure 5. Forest plot of comparison: 6 Adjuvant vs No Adjuvant˙Japan, outcome: 6.1 Overall Survival (OS).

Finally, we considered the RCT that reported the data separately

for patients with TNM stage II (lymph node negative) and stage III

(lymph node positive) rectal cancer. Unfortunately, only two and

three RCTs were available, respectively, which makes the results

of their meta-analysis questionable (see Figure 6 and Figure 7,

respectively).

Figure 6. Forest plot of comparison: 3 Adjuvant vs No Adjuvant˙Stage II, outcome: 3.1 Overall Survival

(OS).

Figure 7. Forest plot of comparison: 4 Adjuvant vs No Adjuvant˙Stage III, outcome: 4.1 Overall Survival

(OS).
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Disease Free Survival (DFS)

DFS data were reported in 20 RCTs enrolling 9094 patients with

rectal cancer. For one study (Glimelius 2005 (NGTATG)) DFS

data were not reported: therefore, the data available for meta-

analysis included 8,530 patients. Of these, 4,515 patients were

randomized to postoperative chemotherapy (treatment arm) and

4,015 patients received no postoperative chemotherapy (control

arm). Meta-analysis of these RCTs (see Figure 8) showed a signif-

icant risk reduction (25%) in patients undergoing adjuvant che-

motherapy as compared to those undergoing observation (HR=

0.75, CI: 0.68-0.83). Between-study heterogeneity was moderate

(I-squared=41%) but significant (P=0.03).

Figure 8. Forest plot of comparison: 1 Adjuvant vs No Adjuvant˙ALL, outcome: 1.2 Disease Free Survival

(DFS).

The leave-one-out sensitivity analysis showed no leading RCT,

which supports the fact that the overall effect estimate is not af-

fected by the findings of a single trial. As shown in Figure 9, a

small-study effect was likely to be present (Begg test P=0.04, Egger

test P=0.06), and the trim & fill procedure showed that 4 studies

might be missing: nevertheless, their addition to the meta-analysis

would leave virtually unchanged our findings (adjusted HR=0.78;

CI: 0.71-0.87). Moreover, upon exclusion of small size RCT (<

100 patients per arm) we obtained very similar results (HR=0.79;

CI: 0.72-0.86) (see Figure 10).
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Figure 9. Funnel plot of comparison: 1 Adjuvant vs No Adjuvant˙ALL, outcome: 1.2 Disease Free Survival

(DFS).

Figure 10. Forest plot of comparison: 2 Adjuvant vs No Adjuvant˙Large studies, outcome: 2.2 Disease Free

Survival (DFS).
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Taking into consideration the geographic/ethnic origin of the trial

(Western vs Japanese), no substantial differences were observed

in terms of both overall effect and heterogeneity (see Figure 11

and Figure 12): in fact, postoperative chemotherapy was associated

with better survival both among Western (HR=0.77, CI: 0.68-

0.88) and Japanese trials (0.73, CI: 0.64-0.85).

Figure 11. Forest plot of comparison: 5 Adjuvant vs No Adjuvant˙Western, outcome: 5.2 Disease Free

Survival (DFS).

Figure 12. Forest plot of comparison: 6 Adjuvant vs No Adjuvant˙Japan, outcome: 6.2 Disease Free Survival

(DFS).

Finally, we considered the RCT that reported the data separately

for patients with TNM stage II (lymph node negative) and stage

III (lymph node positive) rectal cancer. Only one report provided

DFS data for stage II (QUASAR 2007), as shown in Figure 13; the

results of the meta-analysis of the three studies reporting DFS data
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for stage III are illustrated in Figure 14: given the scarce number

of available RCTs, these findings are poorly reliable.

Figure 13. Forest plot of comparison: 3 Adjuvant vs No Adjuvant˙Stage II, outcome: 3.2 Disease Free

Survival (DFS).

Figure 14. Forest plot of comparison: 4 Adjuvant vs No Adjuvant˙Stage III, outcome: 4.2 Disease Free

Survival (DFS).

D I S C U S S I O N

The therapeutic management of patients with non-metastatic rec-

tal cancer (TNM stage I-III [TanyNanyM0], Dukes´ A-C) has

significantly improved over the past 20 years. From the surgery

viewpoint, technical advancements such as stapling devices (to

perform very distal colo-rectal anastomosis) and diffusion of total

mesorectal excision (TME) have contributed to improve quality

of life and increase the rates of local disease control. Unlike colon

cancer, chemotherapy after radical surgery for rectal cancer is not a

standardized treatment. This is at least in part due to the fact that

preoperative (also known as neoadjuvant) chemoradiation is cur-

rently considered the standard of care for stage II-III rectal cancer,

especially in European countries (Glimelius 2010; Van Cutsem

2008; Wolpin 2007; Watanabe 2008). Therefore the role of adju-

vant chemotherapy in rectal cancer has remained uncertain despite

many randomized controlled trials (RCTs) have been performed

that address this issue, a situation that has recently led some au-

thors to advocate the conduction of a meta-analysis (Bujko 2010).

In the present article we present the results of the first systematic

review and meta-analysis on this subject in order to quantitatively

summarize the available evidence on the efficacy of adjuvant (i.e.,

postoperative) chemotherapy for the treatment of patients with

surgically resectable rectal carcinoma.

Overall, pooling the summary data of 21 RCTs enrolling almost

10,000 patients, we found that 5-FU based postoperative chemo-

therapy does improve both overall (OS) and disease-free (DFS) sur-

vival. The risk reductions (17% and 25% for OS and DFS, respec-

tively) are lower than those observed in TNM stage III colon can-

cer with similar chemotherapy regimens (Moertel 1990), but still

they are of undeniable clinical relevance. Interestingly, at subgroup

analysis these findings remained virtually unchanged if we consid-

ered only large trials (> 100 patients per arm) or only Western (or
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Japanese) trials, which supports the robustness of the results. Be-

tween-study heterogeneity was never high (i.e., I-squared was al-

ways < 50%) but we could not identify a specific source, although

it is likely that the heterogeneity of TNM stages (from Dukes A-

C to Dukes C only) and chemotherapy regimens (from oral flu-

oropyrimidines to combinations of intravenous drugs) played a

non-marginal role in determining different outcomes.

Considering that no chemotherapy regimen tested in the RCT

eligible for this meta-analysis included modern drugs such as ox-

aliplatin, irinotecan or biologicals (e.g., anti-VEGF antibody be-

vacizumab) (Wagner 2009; Mocellin 2005), our findings are par-

ticularly encouraging: in fact, an even greater survival advantage

might be expected with the implementation of more effective anti-

cancer agents in the adjuvant therapy for rectal cancer. In this re-

gard, new trials testing this hypothesis are warranted and might

further support the use of postoperative chemotherapy in these

patients.

On the other hand, the wide use of neoadjuvant chemoradia-

tion makes things more complicated: in fact, in the light of the

known beneficial effects of neoadjuvant treatment, designing trials

of adjuvant therapy without taking into consideration preopera-

tive chemoradiation may pose ethical problems. All but one RCT

so far performed (i.e., those included in this meta-analysis) com-

pared adjuvant chemotherapy (associated with radiotherapy in one

case Krook 1991 (NCCTG)) with observation (or radiotherapy in

one case Krook 1991 (NCCTG)): only the EORTC trial (Bosset

2006 (EORTC)) included an arm of preoperative chemoradiation

and showed that in patients receiving preoperative radiotherapy,

adding fluorouracil-based chemotherapy preoperatively or post-

operatively had no significant effect on survival, and that chemo-

therapy, regardless of whether it was administered before or after

surgery, conferred a significant benefit only with respect to local

disease control. Although the EORTC RCT is a well designed

trial, we cannot reply on the results of this single study to draw

definitive conclusions on this aspect: clearly, more trials address-

ing this specific issue are needed. In this regard, it is interesting to

note that only five out of 21 RCT showed a nominally significant

positive association between adjuvant chemotherapy and patient

survival, and only pooling all trials with the present meta-analysis

revealed the therapeutic benefit due to the effect of a larger sample

size on the precision of the estimated treatment effect. Further-

more, although neoadjuvant treatments do improve the control

of local disease, the issue of controlling distant metastasis remains

largely unaddressed by this therapeutic approach (Ceelen 2009),

which should further prompt oncologists to investigate in this area.

Finally it should be remembered that a key advantage of design-

ing trials that combine neoadjuvant with adjuvant chemotherapy

is that tumour response to preoperative chemotherapy might be

a useful guide in selecting patients who might best benefit from

postoperative chemotherapy, in line with the principles of person-

alized cancer medicine.

Unfortunately, only very few studies reported separate data for

different TNM stages, which made virtually impossible to ascer-

tain whether observed heterogeneity was linked to disease staging;

consequently, the lack of these data did not enable us to define

whether adjuvant chemotherapy might be more effective in a spe-

cific disease stage. Therefore, while for colon cancer adjuvant che-

motherapy is widely accepted to represent the standard treatment

selectively for TNM stage III patients, for rectal cancer we could

not identify a subset of patients more likely to benefit from this

treatment.

The lack of data reported within an acknowledged QoL scoring

system and the trial design (mainly treatment versus observation)

made it practically unfeasible to study this outcome.

A U T H O R S ’ C O N C L U S I O N S
Implications for practice

The results of this meta-analysis support the use of 5-FU based

postoperative adjuvant chemotherapy for patients undergoing ap-

parently radical surgery for resectable rectal cancer. Available data

do not allow us to define whether the efficacy of this treatment is

highest in one specific TNM stage.

Implications for research

The implementation of modern chemotherapy regimens in the

adjuvant setting is warranted to improve the encouraging results

shown by this meta-analysis. Randomised trials of adjuvant che-

motherapy for patients receiving preoperative neoadjuvant ther-

apy are also needed in order to define the role of postoperative

chemotherapy in the multimodal treatment of resectable rectal

cancer.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Bosset 2006 (EORTC)

Methods RCT (Randomised Controlled Trial), multicentre (Europe)

Participants Patients (n=1011) with cT3-cT4, cM0 (Nx) resectable rectal carcinoma (cT: clinical T

stage)

Interventions 4-arm trial: patients randomised to receive A) preoperative radiotherapy (n=252) or B)

preoperative chemoradiotherapy (n=253) or C) preoperative radiotherapy and postop-

erative chemotherapy (n=253) or D) preoperative chemoradiotherapy and postoperative

chemotherapy (n=253)

All patients received surgery

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes In this meta-analysis of adjuvant chemotherapy, arms C and D (adjuvant chemotherapy)

were compared to arms A and B (no adjuvant chemotherapy)

At subgroup analysis, patients responding to preoperative treatment (ypT0-T2) had a

significant advantage if received adjuvant chemotherapy (as compared to patients who

responded but did not receive adjuvant chemotherapy) in terms of both OS (HR=0.64;

95%CI: 0.42-0.96) and DFS (HR=0.63; CI: 0.44-0.90)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk

Allocation concealment (selection bias) Low risk Mininimization technique and stratifica-

tion, before random assignment

Blinding (performance bias and detection

bias)

All outcomes

Low risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk

Selective reporting (reporting bias) Low risk

Other bias Low risk
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Cafiero 2003

Methods RCT (Randomised Controlled Trial), multicentre (Italy)

Participants Patients (n=218) with TNM stage II-III resectable rectal carcinoma

Interventions 2-arm trial: patients randomized to: either A) surgery + adjuvant radiotherapy (n=108), or

B) surgery + adjuvant radiotherapy + adjuvant chemotherapy with 5-FU and levamisole

(n=110)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes Low compliance to the chemotherapy regimen (59%)

Risk of bias

Bias Authors’ judgement Support for judgement

Blinding (performance bias and detection

bias)

All outcomes

Low risk

CCCSGJ 1995

Methods RCT (Randomised Controlled Trial); multicentre (Japan)

Participants Patients (n=1004) with TNM stage II-III resectable rectal carcinoma

Interventions 3-arm trial: patients randomized to either A) surgery alone (n=335), or B) surgery + adjuvant

systemic chemotherapy (n=323) with MMC + 5-FU, or C) surgery + adjuvant intra-arterial

chemotherapy (with MMC) + adjuvant systemic chemotherapy with MMC + 5-FU (n=

346)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes No stage stratification.

In this meta-analysis, arms B and C (adjuvant chemotherapy) were compared to arm A (no

adjuvant chemotherapy)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Selective reporting (reporting bias) Low risk

Other bias Low risk
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Fisher 1988 (NSABP)

Methods RCT (Randomised Controlled Trial), multicentre (USA)

Participants Patients with resectable Dukes B, C (TNM stage II-III) rectal cancer (n=574)

Interventions 3-arm trial: patients were randomized to receive: A) surgery alone (n=191), or B) surgery

+ adjuvant radiotherapy (n=190), or C) surgery + adjuvant chemotherapy with 5-FU,

semustine, and vincristine (n=193)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes In this meta-analysis of adjuvant chemotherapy, arm C (adjuvant chemotherapy) was

compared to arm A (no adjuvant chemotherapy)

At subgroup analysis, the authors reported that both DFS and OS were significantly

improved by adjuvant chemotherapy in males

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Blinding (performance bias and detection

bias)

All outcomes

Low risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk

Selective reporting (reporting bias) Low risk

Other bias Low risk

Glimelius 2005 (NGTATG)

Methods RCT (Randomised Controlled Trial); multicentre (Northen Europe: Sweden, Norway,

Denmark)

Participants Patients undergoing curative resection of TNM stage II-III colorectal cancer (n=2224)

Interventions 2-arm trials: patients randomized to: A) surgery alone (n=1121), or B) postoperative

adjuvant chemotherapy with 5-FU based regimens (n=1103)

Outcomes Overall survival (OS)

Notes Data are presented as a meta-analysis of RCT conducted in Northen Europe

In this meta-analysis we compared patients with rectal cancer randomized to adjuvant

chemotherapy (n=339) versus those with rectal cancer randomized to observation (n=

352)
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Glimelius 2005 (NGTATG) (Continued)

Chemotherapy regimens: 1) 5-FU + levamisole; 2) 5-FU + leucovorin; 3) 5-FU + leu-

covorin + levamisole

Risk of bias

Bias Authors’ judgement Support for judgement

Blinding (performance bias and detection

bias)

All outcomes

Low risk

Selective reporting (reporting bias) Low risk

Other bias Low risk

Grage 1981

Methods RCT (Randomised Controlled Trial); multicentre (USA)

Participants Patients undergoing curative or palliative resection of Dukes´ B and C (TNM stage II-III)

colorectal cancer (n=134)

Interventions 2-arm trial: patients randomized to: A) surgery alone (n=67), or B) postoperative adjuvant

chemotherapy with 5-FU (n=67)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes No stratification between B and C.

In this meta-analysis we compared patients with rectal cancer randomized to adjuvant

chemotherapy (n=33) versus those with rectal cancer randomized to observation (n=31)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Selective reporting (reporting bias) Low risk

Other bias Low risk

27Postoperative adjuvant chemotherapy in rectal cancer operated for cure. (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Hafström 1990

Methods RCT (Randomised Controlled Trial); multicentre (Sweden)

Participants Patients with Dukes´ C (TNM stage III) colorectal cancer undergoing surgery for the

primary tumour (n=334)

Interventions 2-arm trial: A) surgery alone (n=176), or B) postoperative adjuvant combination che-

motherapy (5-FU, lomustine [CCNU] and vincristine)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes In 30 patients treatment was discontinued because of recurrent disease

In 27 patients surgery was not radical.

Patients were stratified based on primary tumour site (colon and rectum)

In this meta-analysis we compared patients with rectal cancer randomized to adjuvant

chemotherapy (n=43) versus those with rectal cancer randomized to observation (n=56)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Blinding (performance bias and detection

bias)

All outcomes

Low risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk

Selective reporting (reporting bias) Low risk

Other bias Low risk

Hamaguchi 2011

Methods RCT (Randomised Controlled Trial); multicentre (Japan)

Participants Patients with Dukes C (TNM stage III) rectal cancer undergoing apparently radical

surgery of the primary tumour (n=274)

Interventions 2-arm trial: patients were randomly assigned to: A) surgery alone (n=135), or B) post-

operative chemotherapy (n=139) with UFT (uracil-tegafur, an oral fluoropyrimidine)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes Update of trial described by Akasu in 2006 (Akasu 2006)

Risk of bias
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Hamaguchi 2011 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk

Allocation concealment (selection bias) Low risk Minimization technique

Blinding (performance bias and detection

bias)

All outcomes

High risk Non-blind study

Other bias Low risk

Ito 1996 (TSGHCFU)

Methods RCT (Randomised Controlled Trial); multicentre (Japan)

Participants Patients with TNM stage II-III colorectal cancer undergoing apparently radical surgery of

the primary tumour (n=170)

Interventions 2-arm trial: patients were randomly assigned to: A) surgery alone (n=83), or B) postop-

erative chemotherapy (n=87) with HCFU (1-hexylcarbamoyl-5-fluorouracil, an oral fluo-

ropyrimidine)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes For this meta-analysis, patients with rectal cancer treated with surgery alone (n=40) were

compared to those undergoing surgery + adjuvant chemotherapy (n=37)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk Randomization by telephone

Selective reporting (reporting bias) Low risk

Other bias Low risk

Kato 2002 (TACSG)

Methods RCT (Randomised Controlled Trial); multicentre (Japan)

Participants Patients with Dukes´ B and C (TNM stage II-III) colorectal cancer undergoing appar-

ently radical surgery of the primary tumour (n=289)
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Kato 2002 (TACSG) (Continued)

Interventions 2-arm trial: patients were randomly assigned to: A) surgery alone (n=145), or B) post-

operative chemotherapy (n=144) with UFT (uracil-tegafur, an oral fluoropyrimidine)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes Patients were stratified based on primary tumour site (colon and rectum)

UFT was administered for one year or more in 101/145 patients (70%)

For this meta-analysis, patients with rectal cancer treated with surgery alone (n=72) were

compared to those undergoing surgery + adjuvant chemotherapy (n=71)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Blinding (performance bias and detection

bias)

All outcomes

Low risk

Koda 2009

Methods RCT (Randomised Controlled Trial); monocentre (Japan)

Participants Patients with TNM stage I-II-III colorectal cancer undergoing apparently radical surgery

of the primary tumour (n=124)

Interventions 2-arm trial: patients were randomly assigned to: A) surgery alone (n=67), or B) postoperative

chemotherapy (n=57) with HCFU (oral) + 5-FU (i.v.)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes In this meta-analysis we compared patients with rectal cancer randomized to adjuvant

chemotherapy (n=25) versus those with rectal cancer randomized to observation (n=29)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk

Other bias Low risk
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Kodaira 1998 (JFMTC 7-1)

Methods RCT (Randomised Controlled Trial); multicentre (Japan)

Participants Patients with radically resected Dukes A, B or C rectal cancer (n=794)

Interventions 2-arm trial: patients were randomized to: A) surgery alone (n=398), or B) postoperative

adjuvant chemotherapy with mitomycin + UFT (uracil-tegafur, an oral fluoropyrimidine)

(n=396)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes Five Dukes´ D patients are included in the Dukes´ C group

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Other bias Low risk

Kornek 1996

Methods RCT (Randomised Controlled Trial). Monocentre (Austria)

Participants Curative resection of Dukes´ B & C (TNM stage II, III) rectal cancer (n=57)

Interventions 2-arm trial: patients were randomized to: A) surgery alone (n=29), or B) surgery + adjuvant

chemotherapy (combination of locoregional [mitoxantrone] and systemic chemotherapy

with leucovorin + 5-FU) (n=28)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes No stratification between Dukes B and C.

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Selective reporting (reporting bias) Low risk

Other bias Low risk
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Krook 1991 (NCCTG)

Methods RCT (Randomised controlled trial); multicentre (USA)

Participants Patients undergoing curative resection of high-risk (T3-4 or N+) rectal cancer (n=204)

Interventions 2-arm trial: patients were randomized to: A) surgery + adjuvant radiotherapy (n=100), or

B) surgery + adjuvant radiotherapy associated with chemotherapy with 5-FU + semustine

(n=104)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes No stratification between B and C

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Blinding (performance bias and detection

bias)

All outcomes

Low risk

Other bias Low risk

Matsuda 1991 (SGACCS)

Methods RCT (Randomised Controlled Trial), multicentre (Japan)

Participants Patients with colorectal cancer (unspecified TNM stage) undergoing radical surgery (n=

2477)

Interventions 2-arm trial: patients randomly assigned to: A) surgery alone (n=1182), or B) surgery +

adjuvant chemotherapy (n=1295) with Tegafur (an oral fluoropyrimidine) plus intravenous

MMC

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes The original article is in Japanese. For this meta-analysis, the data were retrieved from an

individual patient data (IPD) meta-analysis (Sakamoto 1999) where patients with rectal

cancer treated with surgery alone (n=598) were compared with those treated with adjuvant

chemotherapy (n=645)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk By envelop method

32Postoperative adjuvant chemotherapy in rectal cancer operated for cure. (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Matsuda 1991 (SGACCS) (Continued)

Selective reporting (reporting bias) Unclear risk Data from an IPD meta-analysis, not the

original article

QUASAR 2007

Methods RCT (Randomised Controlled Trial), multicentre (UK)

Participants Patients with stage II-III colon or rectal cancer undergoing radical surgery (n=3239)

91% with stage II (node negative) disease, 71% with colon cancer

Interventions 2-arm trial: all patients were randomly assigned to receive chemotherapy with fluorouracil

and folinic acid (n=1622) or to observation (n=1617, with chemotherapy considered on

recurrence) after apparently radical surgery of the primary tumour

Rectal cancer (stage II-III): adjuvant (n=474) vs no adjuvant (n=474)

Rectal cancer (stage II): adjuvant (n=410) vs no adjuvant (n=407)

Rectal cancer (stage III): adjuvant (n=64) vs no adjuvant (n=67)

Outcomes Stage II-III: DFS and OS.

Subgroup analysis: stage II: DFS and OS; stage III: DFS

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk

Allocation concealment (selection bias) Low risk Minimised randomisation to secure bal-

anced allocation. Telephone call to central

office

Blinding (performance bias and detection

bias)

All outcomes

Low risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk

Selective reporting (reporting bias) Low risk
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Sakamoto 2007 (JFMTC15-1)

Methods RCT (Randomised Controlled Trial); multicentre (Japan)

Participants Patients with Dukes A, B and C (TNM stage I, II, III) rectal cancer undergoing radical

surgery of the primary tumor (n=447)

Interventions 2-arm trial: patients randomly assigned to: A) surgery alone (n=229), or B) surgery +

adjuvant chemotherapy (n=218) with Uracil-Tegafur (UFT, an oral fluoropyrimidine) plus

intravenous 5-FU and MMC

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes The data are from an individual patient data (IPD) meta-analysis (Sakamoto 2007

(JFMTC15-1)) since no original article has been published on this RCT

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk

Selective reporting (reporting bias) High risk Data from an IPD meta-analysis (no original

article)

Other bias Low risk

Taal 2001 (NACCP)

Methods RCT (Randomised Controlled Trial); multicentre (Netherlands)

Participants Patients with Dukes´ B and C (TNM stage II-III) colon (n=730) and rectal (n=299)

cancer undergoing radical surgery of the primary tumour (n=1029)

Interventions 2-arm trial: patients were randomly assigned to: A) surgery alone (n=515), or B) surgery

+ adjuvant chemotherapy (n=514) with 5-FU plus levamisole

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes More than 50% of patients with rectal cancer underwent radiotherapy

No stratification between Dukes B and C.

For this meta-analysis, patients with rectal cancer treated with surgery alone (n=150)

were compared to those undergoing surgery + adjuvant chemotherapy (n=149)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate
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Taal 2001 (NACCP) (Continued)

Blinding (performance bias and detection

bias)

All outcomes

Low risk

Other bias Low risk

Thomas 1988 (GTSG)

Methods RCT (Randomised Controlled Trial); multicentre (USA)

Participants Patients undergoing curative resection of Dukes´ B and C (TNM stage II-III) rectal cancer

(n=202)

Interventions 4-arm trial: patients were randomized to: A) surgery alone (n=58), or B) adjuvant chemo-

therapy (n=48), or C) adjuvant radiotherapy (n=50), or D) adjuvant radio-chemotherapy

(n=46)

Chemotherapy: 5-FU + semustine

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes No stratification between B and C

In this meta-analysis we compared patients randomized to adjuvant chemotherapy (n=48)

versus those randomized to surgery alone (n=58)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Selective reporting (reporting bias) Low risk

Other bias Low risk

Watanabe 2004 (JFMTC15-2)

Methods RCT (Randomised Controlled Trial); multicentre (Japan)

Participants Patients with Dukes B and C (TNM stage II, III) rectal cancer undergoing radical surgery

of the primary tumor (n=669)

Interventions 3-arm trial: patients were randomly assigned to: either A) surgery alone (n=229), or

B) surgery + adjuvant chemotherapy (n=218) with UFT (oral) + MMC and 5-FU

(intravenously), or C) surgery + adjuvant chemotherapy with UFT + MMC and 5-FU

combined with immunotherapy (OK-432) (n=222)

Outcomes Disease-free survival (DFS) and overall survival (OS)
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Watanabe 2004 (JFMTC15-2) (Continued)

Notes For this meta-analysis, relevant data were retrieved from an individual patient data (IPD)

meta-analysis (Sakamoto 2007 (JFMTC15-1)) where patients treated with surgery alone

(n=122) were compared to patients undergoing surgery plus adjuvant treatment (n=269)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk The registered cases were randomly as-

signed to the treatment groups according

to the

assignment table.

Allocation concealment (selection bias) Low risk

Incomplete outcome data (attrition bias)

All outcomes

High risk Data were retrieved from an individual pa-

tients data (IPD) meta-analysis (Sakamoto

2007 (JFMTC15-1)) and were relative to

381 patients, whereas the original article

was about 669 patients

Selective reporting (reporting bias) Low risk

Other bias Low risk

Yasutomi 1997 (JFMTC 7-2)

Methods RCT (Randomised Controlled Trial); multicentre (Japan)

Participants Patients with Dukes A, B and C (TNM stage I, II, III) rectal cancer undergoing radical

surgery of the primary tumor (n=713)

Interventions 2-arm trial: patients were randomly assigned to: A) surgery alone (n=356), or B) surgery +

adjuvant chemotherapy (n=357) with HCFU (oral) + MMC (mitomycin-C, intravenously)

Outcomes Disease-free survival (DFS) and overall survival (OS)

Notes The original article is in Japanese: data were retrieved from an individual patient data (IPD)

meta-analysis conducted in 2004 by the Meta-analysis Group in Cancer (see Sakamoto

2004)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk
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Yasutomi 1997 (JFMTC 7-2) (Continued)

Selective reporting (reporting bias) High risk Data from an IPD meta-analysis, not the

original article

Other bias Low risk

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Abdi 1989 Lacks stratification between colon and rectum for Dukes´ C .

DFS (disease-free survival) and OS (overall survival).

Focan 2000 Lacks CG (Control Group/ no further treatment).

Fountazilas 1999 Lacks CG.

Gelber 1996 Lacks CG.

Gennatas 2003 Lacks CG.

Grage 1978 Data included in Grage 1981

GTSG 1992 Lacks CG.

Hartung 1997 Lacks CG.

Ito 2000 Lacks CG.

Iwagaki 2001 Lacks CG.

Koda 2003 Lacks CG.

Lawrence 1978 Lacks stratification between either Dukes´ A, B or C, or Colon and Rectum. Ref. to earlier publication: Lawrence

w, et al: Chemotherapy as an Adjuvant to surgery for Colorectal Cancer. An of Surg 1975; 18(5):616-23

Maehara 1998 Lacks CG.

Min 2000 Lacks CG.

Mitomi 1992 Lacks CG.

O´ Connell 1994 Lacks CG.

Quisser 2000 Lacks CG.

Robinson 1979 Lacks CG.
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(Continued)

Robinson 1980 Lacks CG.

Sugimachi 1996 Lacks CG.

Takahashi 1996 Same trial as CCCSGJ 1995

Tepper 1997 Lacks CG.

Tepper 2002 Lacks CG, and Chemotherapy followed by Chemoradiation therapy

Tveit 1997 CG vs. Radio-& Chemotherapy.

Wolmark 2000 Lacks CG.
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D A T A A N D A N A L Y S E S

Comparison 1. Adjuvant vs No Adjuvant˙ALL

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Overall Survival (OS) 21 Hazard Ratio (Random, 95% CI) 0.83 [0.76, 0.91]

2 Disease Free Survival (DFS) 20 Hazard Ratio (Random, 95% CI) 0.75 [0.68, 0.83]

Comparison 2. Adjuvant vs No Adjuvant˙Large studies

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Overall Survival (OS) 14 Hazard Ratio (Random, 95% CI) 0.85 [0.78, 0.93]

2 Disease Free Survival (DFS) 13 Hazard Ratio (Random, 95% CI) 0.79 [0.72, 0.86]

Comparison 3. Adjuvant vs No Adjuvant˙Stage II

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Overall Survival (OS) 2 Hazard Ratio (Random, 95% CI) 0.78 [0.62, 0.97]

2 Disease Free Survival (DFS) 1 Hazard Ratio (Random, 95% CI) 0.69 [0.51, 0.94]

Comparison 4. Adjuvant vs No Adjuvant˙Stage III

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Overall Survival (OS) 3 Hazard Ratio (Random, 95% CI) 0.92 [0.78, 1.09]

2 Disease Free Survival (DFS) 3 Hazard Ratio (Random, 95% CI) 0.67 [0.54, 0.83]
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Comparison 5. Adjuvant vs No Adjuvant˙Western

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Overall Survival (OS) 11 Hazard Ratio (Random, 95% CI) 0.82 [0.72, 0.92]

2 Disease Free Survival (DFS) 10 Hazard Ratio (Random, 95% CI) 0.77 [0.68, 0.88]

Comparison 6. Adjuvant vs No Adjuvant˙Japan

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Overall Survival (OS) 10 Hazard Ratio (Random, 95% CI) 0.85 [0.74, 0.97]

2 Disease Free Survival (DFS) 10 Hazard Ratio (Random, 95% CI) 0.73 [0.64, 0.85]

Analysis 1.1. Comparison 1 Adjuvant vs No Adjuvant˙ALL, Outcome 1 Overall Survival (OS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 1 Adjuvant vs No Adjuvant˙ALL

Outcome: 1 Overall Survival (OS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Grage 1981 -0.892 (0.366) 1.4 % 0.41 [ 0.20, 0.84 ]

Thomas 1988 (GTSG) -0.288 (0.215) 3.5 % 0.75 [ 0.49, 1.14 ]

Fisher 1988 (NSABP) -0.236 (0.134) 6.8 % 0.79 [ 0.61, 1.03 ]

Hafström 1990 -0.342 (0.255) 2.6 % 0.71 [ 0.43, 1.17 ]

Krook 1991 (NCCTG) -0.342 (0.134) 6.8 % 0.71 [ 0.55, 0.92 ]

Matsuda 1991 (SGACCS) -0.03 (0.119) 7.8 % 0.97 [ 0.77, 1.23 ]

Bosset 2006 (EORTC) -0.163 (0.105) 8.9 % 0.85 [ 0.69, 1.04 ]

QUASAR 2007 -0.261 (0.13) 7.0 % 0.77 [ 0.60, 0.99 ]

CCCSGJ 1995 -0.416 (0.122) 7.6 % 0.66 [ 0.52, 0.84 ]

Kornek 1996 -0.868 (0.464) 0.9 % 0.42 [ 0.17, 1.04 ]

0.1 0.2 0.5 1 2 5 10

Favours adjuvant Favours control

(Continued . . . )
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(. . . Continued)
Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Ito 1996 (TSGHCFU) 0.285 (0.341) 1.6 % 1.33 [ 0.68, 2.59 ]

Yasutomi 1997 (JFMTC 7-2) -0.051 (0.133) 6.9 % 0.95 [ 0.73, 1.23 ]

Kodaira 1998 (JFMTC 7-1) -0.073 (0.125) 7.4 % 0.93 [ 0.73, 1.19 ]

Taal 2001 (NACCP) -0.051 (0.184) 4.4 % 0.95 [ 0.66, 1.36 ]

Kato 2002 (TACSG) -0.416 (0.327) 1.7 % 0.66 [ 0.35, 1.25 ]

Cafiero 2003 0.285 (0.198) 4.0 % 1.33 [ 0.90, 1.96 ]

Watanabe 2004 (JFMTC15-2) -0.128 (0.222) 3.3 % 0.88 [ 0.57, 1.36 ]

Glimelius 2005 (NGTATG) -0.1 (0.101) 9.2 % 0.90 [ 0.74, 1.10 ]

Sakamoto 2007 (JFMTC15-1) -0.094 (0.165) 5.2 % 0.91 [ 0.66, 1.26 ]

Koda 2009 -1.309 (0.845) 0.3 % 0.27 [ 0.05, 1.42 ]

Hamaguchi 2011 -0.511 (0.239) 2.9 % 0.60 [ 0.38, 0.96 ]

Total (95% CI) 100.0 % 0.83 [ 0.76, 0.91 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 28.73, df = 20 (P = 0.09); I2 =30%

Test for overall effect: Z = 4.11 (P = 0.000039)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours adjuvant Favours control
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Analysis 1.2. Comparison 1 Adjuvant vs No Adjuvant˙ALL, Outcome 2 Disease Free Survival (DFS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 1 Adjuvant vs No Adjuvant˙ALL

Outcome: 2 Disease Free Survival (DFS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Grage 1981 -0.562 (0.278) 2.4 % 0.57 [ 0.33, 0.98 ]

Fisher 1988 (NSABP) -0.342 (0.121) 7.3 % 0.71 [ 0.56, 0.90 ]

Thomas 1988 (GTSG) -0.198 (0.225) 3.4 % 0.82 [ 0.53, 1.28 ]

Hafström 1990 -0.446 (0.236) 3.2 % 0.64 [ 0.40, 1.02 ]

Krook 1991 (NCCTG) -0.416 (0.144) 6.1 % 0.66 [ 0.50, 0.87 ]

Matsuda 1991 (SGACCS) -0.128 (0.118) 7.4 % 0.88 [ 0.70, 1.11 ]

Bosset 2006 (EORTC) -0.139 (0.094) 8.9 % 0.87 [ 0.72, 1.05 ]

QUASAR 2007 -0.386 (0.134) 6.6 % 0.68 [ 0.52, 0.88 ]

CCCSGJ 1995 -0.462 (0.108) 8.0 % 0.63 [ 0.51, 0.78 ]

Kornek 1996 -0.821 (0.4) 1.3 % 0.44 [ 0.20, 0.96 ]

Ito 1996 (TSGHCFU) -0.105 (0.374) 1.5 % 0.90 [ 0.43, 1.87 ]

Yasutomi 1997 (JFMTC 7-2) -0.117 (0.12) 7.3 % 0.89 [ 0.70, 1.13 ]

Kodaira 1998 (JFMTC 7-1) -0.329 (0.112) 7.8 % 0.72 [ 0.58, 0.90 ]

Taal 2001 (NACCP) -0.105 (0.165) 5.2 % 0.90 [ 0.65, 1.24 ]

Kato 2002 (TACSG) -0.968 (0.265) 2.6 % 0.38 [ 0.23, 0.64 ]

Cafiero 2003 0.086 (0.14) 6.3 % 1.09 [ 0.83, 1.43 ]

Watanabe 2004 (JFMTC15-2) -0.288 (0.189) 4.4 % 0.75 [ 0.52, 1.09 ]

Sakamoto 2007 (JFMTC15-1) -0.117 (0.155) 5.6 % 0.89 [ 0.66, 1.21 ]

Koda 2009 -1.022 (0.528) 0.8 % 0.36 [ 0.13, 1.01 ]

Hamaguchi 2011 -0.416 (0.196) 4.1 % 0.66 [ 0.45, 0.97 ]

Total (95% CI) 100.0 % 0.75 [ 0.68, 0.83 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 32.41, df = 19 (P = 0.03); I2 =41%

Test for overall effect: Z = 5.95 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 2.1. Comparison 2 Adjuvant vs No Adjuvant˙Large studies, Outcome 1 Overall Survival (OS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 2 Adjuvant vs No Adjuvant˙Large studies

Outcome: 1 Overall Survival (OS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Fisher 1988 (NSABP) -0.236 (0.134) 7.7 % 0.79 [ 0.61, 1.03 ]

Krook 1991 (NCCTG) -0.342 (0.134) 7.7 % 0.71 [ 0.55, 0.92 ]

Matsuda 1991 (SGACCS) -0.03 (0.119) 9.1 % 0.97 [ 0.77, 1.23 ]

Bosset 2006 (EORTC) -0.163 (0.105) 10.7 % 0.85 [ 0.69, 1.04 ]

QUASAR 2007 -0.261 (0.13) 8.0 % 0.77 [ 0.60, 0.99 ]

CCCSGJ 1995 -0.416 (0.122) 8.8 % 0.66 [ 0.52, 0.84 ]

Yasutomi 1997 (JFMTC 7-2) -0.051 (0.133) 7.8 % 0.95 [ 0.73, 1.23 ]

Kodaira 1998 (JFMTC 7-1) -0.073 (0.125) 8.5 % 0.93 [ 0.73, 1.19 ]

Taal 2001 (NACCP) -0.051 (0.184) 4.7 % 0.95 [ 0.66, 1.36 ]

Cafiero 2003 0.285 (0.198) 4.1 % 1.33 [ 0.90, 1.96 ]

Watanabe 2004 (JFMTC15-2) -0.128 (0.222) 3.4 % 0.88 [ 0.57, 1.36 ]

Glimelius 2005 (NGTATG) -0.1 (0.101) 11.2 % 0.90 [ 0.74, 1.10 ]

Sakamoto 2007 (JFMTC15-1) -0.094 (0.165) 5.6 % 0.91 [ 0.66, 1.26 ]

Hamaguchi 2011 -0.511 (0.239) 3.0 % 0.60 [ 0.38, 0.96 ]

Total (95% CI) 100.0 % 0.85 [ 0.78, 0.93 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 17.62, df = 13 (P = 0.17); I2 =26%

Test for overall effect: Z = 3.64 (P = 0.00027)

Test for subgroup differences: Not applicable
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Analysis 2.2. Comparison 2 Adjuvant vs No Adjuvant˙Large studies, Outcome 2 Disease Free Survival

(DFS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 2 Adjuvant vs No Adjuvant˙Large studies

Outcome: 2 Disease Free Survival (DFS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Fisher 1988 (NSABP) -0.342 (0.121) 8.7 % 0.71 [ 0.56, 0.90 ]

Matsuda 1991 (SGACCS) -0.128 (0.118) 8.9 % 0.88 [ 0.70, 1.11 ]

Krook 1991 (NCCTG) -0.416 (0.144) 6.9 % 0.66 [ 0.50, 0.87 ]

Bosset 2006 (EORTC) -0.139 (0.094) 11.4 % 0.87 [ 0.72, 1.05 ]

QUASAR 2007 -0.386 (0.134) 7.6 % 0.68 [ 0.52, 0.88 ]

CCCSGJ 1995 -0.462 (0.108) 9.9 % 0.63 [ 0.51, 0.78 ]

Yasutomi 1997 (JFMTC 7-2) -0.117 (0.12) 8.8 % 0.89 [ 0.70, 1.13 ]

Kodaira 1998 (JFMTC 7-1) -0.329 (0.112) 9.5 % 0.72 [ 0.58, 0.90 ]

Taal 2001 (NACCP) -0.105 (0.165) 5.7 % 0.90 [ 0.65, 1.24 ]

Cafiero 2003 0.086 (0.14) 7.2 % 1.09 [ 0.83, 1.43 ]

Watanabe 2004 (JFMTC15-2) -0.288 (0.189) 4.7 % 0.75 [ 0.52, 1.09 ]

Sakamoto 2007 (JFMTC15-1) -0.117 (0.155) 6.3 % 0.89 [ 0.66, 1.21 ]

Hamaguchi 2011 -0.416 (0.196) 4.4 % 0.66 [ 0.45, 0.97 ]

Total (95% CI) 100.0 % 0.79 [ 0.72, 0.86 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 18.95, df = 12 (P = 0.09); I2 =37%

Test for overall effect: Z = 5.24 (P < 0.00001)

Test for subgroup differences: Not applicable
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Analysis 3.1. Comparison 3 Adjuvant vs No Adjuvant˙Stage II, Outcome 1 Overall Survival (OS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 3 Adjuvant vs No Adjuvant˙Stage II

Outcome: 1 Overall Survival (OS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Glimelius 2005 (NGTATG) -0.301 (0.182) 40.5 % 0.74 [ 0.52, 1.06 ]

QUASAR 2007 -0.223 (0.15) 59.5 % 0.80 [ 0.60, 1.07 ]

Total (95% CI) 100.0 % 0.78 [ 0.62, 0.97 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.11, df = 1 (P = 0.74); I2 =0.0%

Test for overall effect: Z = 2.20 (P = 0.028)

Test for subgroup differences: Not applicable
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Analysis 3.2. Comparison 3 Adjuvant vs No Adjuvant˙Stage II, Outcome 2 Disease Free Survival (DFS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 3 Adjuvant vs No Adjuvant˙Stage II

Outcome: 2 Disease Free Survival (DFS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

QUASAR 2007 -0.371 (0.156) 100.0 % 0.69 [ 0.51, 0.94 ]

Total (95% CI) 100.0 % 0.69 [ 0.51, 0.94 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.38 (P = 0.017)

Test for subgroup differences: Not applicable
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Analysis 4.1. Comparison 4 Adjuvant vs No Adjuvant˙Stage III, Outcome 1 Overall Survival (OS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 4 Adjuvant vs No Adjuvant˙Stage III

Outcome: 1 Overall Survival (OS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Glimelius 2005 (NGTATG) -0.01 (0.119) 51.8 % 0.99 [ 0.78, 1.25 ]

Hafström 1990 -0.342 (0.255) 11.3 % 0.71 [ 0.43, 1.17 ]

Kodaira 1998 (JFMTC 7-1) -0.094 (0.141) 36.9 % 0.91 [ 0.69, 1.20 ]

Total (95% CI) 100.0 % 0.92 [ 0.78, 1.09 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 1.41, df = 2 (P = 0.49); I2 =0.0%

Test for overall effect: Z = 0.92 (P = 0.36)

Test for subgroup differences: Not applicable
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Analysis 4.2. Comparison 4 Adjuvant vs No Adjuvant˙Stage III, Outcome 2 Disease Free Survival (DFS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 4 Adjuvant vs No Adjuvant˙Stage III

Outcome: 2 Disease Free Survival (DFS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Hafström 1990 -0.446 (0.236) 20.8 % 0.64 [ 0.40, 1.02 ]

Kodaira 1998 (JFMTC 7-1) -0.329 (0.129) 69.6 % 0.72 [ 0.56, 0.93 ]

QUASAR 2007 -0.821 (0.348) 9.6 % 0.44 [ 0.22, 0.87 ]

Total (95% CI) 100.0 % 0.67 [ 0.54, 0.83 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 1.80, df = 2 (P = 0.41); I2 =0.0%

Test for overall effect: Z = 3.72 (P = 0.00020)

Test for subgroup differences: Not applicable
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Analysis 5.1. Comparison 5 Adjuvant vs No Adjuvant˙Western, Outcome 1 Overall Survival (OS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 5 Adjuvant vs No Adjuvant˙Western

Outcome: 1 Overall Survival (OS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Bosset 2006 (EORTC) -0.163 (0.105) 15.7 % 0.85 [ 0.69, 1.04 ]

Cafiero 2003 0.285 (0.198) 7.3 % 1.33 [ 0.90, 1.96 ]

Fisher 1988 (NSABP) -0.236 (0.134) 12.2 % 0.79 [ 0.61, 1.03 ]

Glimelius 2005 (NGTATG) -0.1 (0.101) 16.3 % 0.90 [ 0.74, 1.10 ]

Grage 1981 -0.892 (0.366) 2.6 % 0.41 [ 0.20, 0.84 ]

Hafström 1990 -0.342 (0.255) 4.9 % 0.71 [ 0.43, 1.17 ]

Kornek 1996 -0.868 (0.464) 1.7 % 0.42 [ 0.17, 1.04 ]

Krook 1991 (NCCTG) -0.342 (0.134) 12.2 % 0.71 [ 0.55, 0.92 ]

QUASAR 2007 -0.261 (0.13) 12.7 % 0.77 [ 0.60, 0.99 ]

Taal 2001 (NACCP) -0.051 (0.184) 8.1 % 0.95 [ 0.66, 1.36 ]

Thomas 1988 (GTSG) -0.288 (0.215) 6.4 % 0.75 [ 0.49, 1.14 ]

Total (95% CI) 100.0 % 0.82 [ 0.72, 0.92 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 15.27, df = 10 (P = 0.12); I2 =34%

Test for overall effect: Z = 3.27 (P = 0.0011)

Test for subgroup differences: Not applicable
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Analysis 5.2. Comparison 5 Adjuvant vs No Adjuvant˙Western, Outcome 2 Disease Free Survival (DFS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 5 Adjuvant vs No Adjuvant˙Western

Outcome: 2 Disease Free Survival (DFS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Bosset 2006 (EORTC) -0.139 (0.094) 17.8 % 0.87 [ 0.72, 1.05 ]

Cafiero 2003 0.086 (0.14) 12.4 % 1.09 [ 0.83, 1.43 ]

Fisher 1988 (NSABP) -0.342 (0.121) 14.4 % 0.71 [ 0.56, 0.90 ]

Grage 1981 -0.562 (0.278) 4.7 % 0.57 [ 0.33, 0.98 ]

Hafström 1990 -0.446 (0.236) 6.2 % 0.64 [ 0.40, 1.02 ]

Kornek 1996 -0.821 (0.4) 2.5 % 0.44 [ 0.20, 0.96 ]

Krook 1991 (NCCTG) -0.416 (0.144) 12.0 % 0.66 [ 0.50, 0.87 ]

QUASAR 2007 -0.386 (0.134) 13.0 % 0.68 [ 0.52, 0.88 ]

Taal 2001 (NACCP) -0.105 (0.165) 10.2 % 0.90 [ 0.65, 1.24 ]

Thomas 1988 (GTSG) -0.198 (0.225) 6.6 % 0.82 [ 0.53, 1.28 ]

Total (95% CI) 100.0 % 0.77 [ 0.68, 0.88 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 14.88, df = 9 (P = 0.09); I2 =40%

Test for overall effect: Z = 3.94 (P = 0.000081)

Test for subgroup differences: Not applicable
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Analysis 6.1. Comparison 6 Adjuvant vs No Adjuvant˙Japan, Outcome 1 Overall Survival (OS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 6 Adjuvant vs No Adjuvant˙Japan

Outcome: 1 Overall Survival (OS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

CCCSGJ 1995 -0.416 (0.122) 16.7 % 0.66 [ 0.52, 0.84 ]

Hamaguchi 2011 -0.511 (0.239) 6.8 % 0.60 [ 0.38, 0.96 ]

Ito 1996 (TSGHCFU) 0.285 (0.341) 3.7 % 1.33 [ 0.68, 2.59 ]

Kato 2002 (TACSG) -0.416 (0.327) 4.0 % 0.66 [ 0.35, 1.25 ]

Koda 2009 -1.309 (0.845) 0.7 % 0.27 [ 0.05, 1.42 ]

Kodaira 1998 (JFMTC 7-1) -0.073 (0.125) 16.3 % 0.93 [ 0.73, 1.19 ]

Matsuda 1991 (SGACCS) -0.03 (0.119) 17.1 % 0.97 [ 0.77, 1.23 ]

Sakamoto 2007 (JFMTC15-1) -0.094 (0.165) 11.7 % 0.91 [ 0.66, 1.26 ]

Watanabe 2004 (JFMTC15-2) -0.128 (0.222) 7.7 % 0.88 [ 0.57, 1.36 ]

Yasutomi 1997 (JFMTC 7-2) -0.051 (0.133) 15.2 % 0.95 [ 0.73, 1.23 ]

Total (95% CI) 100.0 % 0.85 [ 0.74, 0.97 ]

Heterogeneity: Tau2 = 0.01; Chi2 = 13.25, df = 9 (P = 0.15); I2 =32%

Test for overall effect: Z = 2.36 (P = 0.018)

Test for subgroup differences: Not applicable
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Analysis 6.2. Comparison 6 Adjuvant vs No Adjuvant˙Japan, Outcome 2 Disease Free Survival (DFS).

Review: Postoperative adjuvant chemotherapy in rectal cancer operated for cure.

Comparison: 6 Adjuvant vs No Adjuvant˙Japan

Outcome: 2 Disease Free Survival (DFS)

Study or subgroup log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

CCCSGJ 1995 -0.462 (0.108) 15.6 % 0.63 [ 0.51, 0.78 ]

Hamaguchi 2011 -0.416 (0.196) 8.7 % 0.66 [ 0.45, 0.97 ]

Ito 1996 (TSGHCFU) -0.105 (0.374) 3.3 % 0.90 [ 0.43, 1.87 ]

Kato 2002 (TACSG) -0.968 (0.265) 5.7 % 0.38 [ 0.23, 0.64 ]

Koda 2009 -1.022 (0.528) 1.7 % 0.36 [ 0.13, 1.01 ]

Kodaira 1998 (JFMTC 7-1) -0.329 (0.112) 15.2 % 0.72 [ 0.58, 0.90 ]

Matsuda 1991 (SGACCS) -0.128 (0.118) 14.7 % 0.88 [ 0.70, 1.11 ]

Sakamoto 2007 (JFMTC15-1) -0.117 (0.155) 11.4 % 0.89 [ 0.66, 1.21 ]

Watanabe 2004 (JFMTC15-2) -0.288 (0.189) 9.1 % 0.75 [ 0.52, 1.09 ]

Yasutomi 1997 (JFMTC 7-2) -0.117 (0.12) 14.5 % 0.89 [ 0.70, 1.13 ]

Total (95% CI) 100.0 % 0.73 [ 0.64, 0.85 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 16.99, df = 9 (P = 0.05); I2 =47%

Test for overall effect: Z = 4.28 (P = 0.000019)

Test for subgroup differences: Not applicable
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W H A T ’ S N E W

Date Event Description

26 April 2011 New search has been performed revman 5.1 converted

12 July 2009 Feedback has been incorporated alternative background included, two studies Bossett 2006 and QUASAR

2007 incl., but not in analysis

24 November 2008 Amended Converted to new review format.
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H I S T O R Y

Protocol first published: Issue 1, 2003

Review first published: Issue 3, 2012

Date Event Description

14 September 2007 New citation required and conclusions have changed Substantive amendment
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