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The standard treatment for locally advanced rectal cancer is chemoradiotherapy (CRT),
after which total mesorectal excision is performed. Compared with preoperative radiotherapy, preoperative CRT was shown to lower significantly the rate of local recurrence.1
Preoperative CRT also significantly decreased the rate of local recurrence relative to
postoperative CRT.2 However, preoperative CRT failed to decrease systemic recurrence.3
Many new neoadjuvant treatments have been tried, including CRT with induction
chemotherapy,4 preoperative CRT with chemotherapy,5 bevacizumab with CRT,6 and
others. However, the most efficacious CRT treatment has not been determined. New
neoadjuvant treatments could be explored more efficiently if reliable benefit–risk CRT
schedules are available.
In this study, we chose pathologic complete response (pCR) to reflect efficacy.
Overall survival is the gold standard for measuring efficacy, but because the necessary
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Background: Neoadjuvant chemoradiotherapy (CRT) prior to surgery is a standard therapy for
locally advanced rectal cancer, but the optimum regime is not conclusive. This meta-analysis
evaluated various CRT regimens with regard to the rate of pathologic complete response (pCR)
and toxic effects of grade ≥3.
Methods: The databases PubMed, Cochrane Library, and Embase were searched for randomized controlled trials (RCTs) that compared neoadjuvant CRT regimes for treating patients with
locally advanced rectal cancer, published before 28 December 2017. The primary end points
were pCR and toxic effects. A network meta-analysis was applied.
Results: Fourteen RCTs (with 5,599 participants) involving the following eight regimens were
included: fluorouracil (5FU) alone, or 5FU with oxaliplatin (OXA), cisplatin, or irinotecan
(CPT-11); capecitabine (CAP) alone, or CAP with OXA or CPT-11; and CPT-11 with combined
tegafur, 5-chloro-2,4-dihydroxypyridine, and potassium oxonate. The rate of pCR associated
with CAP + OXA was significantly higher compared with 5FU alone; there were no significant differences among the other regimens. The toxicity of 5FU + OXA or CAP + OXA was
significantly worse than that of 5FU alone or CAP alone. CAP + OXA and CAP were ranked,
respectively, the most and second most effective regimens in terms of pCR rate. 5FU alone and
CAP alone likely had the lowest and second lowest toxicity, respectively.
Conclusion: Among the currently available CRT regimens for locally advanced rectal cancer,
this meta-analysis indicated that CAP + OXA provides the superior clinical results. Adding
OXA to 5FU or CAP significantly increases toxicity.
Keywords: network meta-analysis, locally advanced rectal cancer, neoadjuvant, chemoradiation
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follow-up time is so long, few investigators have reported that
pCR can be used for evaluating efficacy. It has been shown
that, compared with patients without a pCR, those who do
have a higher rate of disease-free survival have a lower rate
of recurrence.7,8 Moreover, people with a pCR who adopt a
watch-and-wait strategy have similar oncological outcomes
as patients who undergo surgery, with the advantage of organ
preservation.9 Conscientious surveillance allows for timely
salvage surgery when early regrowth appears, and does not
increase the risk of systemic disease.10 Thus, many trials
have used pCR as an intermediate end point which is reliable
and meaningful. Although the percentage of patients who
achieve a pCR is not considered as accurate a reflection of
efficacy as overall survival, it is commonly used as a rough
approximation.
Today, the methods of treatment and diagnosis have
improved greatly. Yet, doctors and their patients still often
question which treatment strategy is of the greatest benefit.
Conventional comparisons among options or traditional
pairwise meta-analyses are often not adequate to base a
decision.
In the absence of randomized controlled trials (RCTs)
that directly compare all treatments, a network meta-analysis
(NMA) can comprehensively evaluate and sort multiple
interventions simultaneously. Because NMA is based on
the combined results of direct and indirect comparisons, it
provides more evidence than a traditional meta-analysis.11
The direct and indirect comparisons with a common comparator result in a network framework. The estimates from
these comparisons are combined to obtain mixed estimates
and produce a relative ranking of all regimens.
To evaluate various neoadjuvant CRT regimens based
on pCR and toxic effects, we conducted the present metaanalysis of studies from the literature. Traditional methods of
meta-analysis have limited value for resolving this issue, as
there are too few head-to-head studies of certain treatments –
that is, in which the investigated adjuvant combination is
compared to a single CRT drug. Therefore, in the present
study, we conducted an NMA.

Methods
Search strategy and selection criteria
We searched the databases Embase, PubMed, and Cochrane
Library on 28 December 2017 for RCTs that compared various neoadjuvant CRT schedules for treating patients with
locally advanced rectal cancer. There were no restrictions
on region or language (full search terms are provided in the
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Supplementary material). The related “Articles” function in
Review Manager was applied to broaden the search.
The computerized search was supplemented with manual
examinations of the reference lists of all the retrieved studies.
If multiple studies described identical populations, the most
complete report was used. All the RCT articles were full text
and compared the efficacy of different CRT regimes for treating
locally advanced rectal cancer. All the articles also included
the rates of pCR or grade ≥3 toxic effects as outcomes.
The following reports were excluded: abstract alone; studies that were preclinical, retrospective, or not randomized;
review articles and case reports; or studies focusing on the
effect of short radiotherapy combined with consolidation chemotherapy, or induction chemotherapy combined with CRT.

Data extraction and assessment of risk of
bias
Two investigators (JS Zhang and L Xu) independently
extracted and summarized the characteristics of each study
and relevant outcomes. Any disagreements were resolved
through discussion or arbitrated by a third investigator (LZ
Chen) until a consensus was reached.
The quality of the RCTs was assessed as recommended
by the Guidelines of the Cochrane Collaboration,12 based on
the following six categories: random sequence generation;
allocation concealment; blinding (participants and personnel,
and outcome assessment); incomplete outcome data; and
selective outcome reporting and other biases.

Data synthesis and analysis
The study populations comprised people with locally
advanced rectal cancer, defined as clinical T3–4 (tumor
penetrated through the whole bowel wall) and/or N1–2
(involvement of regional lymph nodes), and with no distance
metastases.
The following outcomes were analyzed: pCR after CRT
and treatment-related grade ≥3 toxic effects. A pCR was
defined as the absence of tumor cells in the surgical specimen
(both the primary tumor and regional lymph nodes, ypT0N0).
We focused on grade ≥3 toxic effects, because grades 1 and
2 have little clinical significance.
An NMA was performed for each outcome using STATA
software (version 15.0), based on the frequency framework.
A network plot was made to depict the geometry of the
network. Each node represented a CRT regimen, the size
of which was proportional to the total sample size. The line
between two nodes represented a head-to-head trial between
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two CRT regimens, with a thickness that was proportional to
the number of studies.
An evidence contribution plot was constructed to
show the effect of comparing the results of different CRT
regimens directly with the results of their NMA. The
consistency was investigated within every closed loop by
loop-specific approach. Inconsistency factors and their 95%
CIs were used during the analysis. A comparison-adjusted
funnel plot was used to assess publication bias. The results
of the NMA were finally reported as the mean ORs, their
95% CIs, and prediction intervals (red extensions). We used
the surface under the cumulative ranking curve (SUCRA)
probabilities to rank the CRT regimens with regard to pCR
and toxic effects.

Results
Inclusion and basic characteristics of
eligible studies

Identification

The comprehensive literature search conducted in December
2017 yielded 5,618 articles (Figure 1). Potential eligible

Records identified through
database searching
(n=5,613)

full-text articles were retrieved for further detailed assessment after an initial screening. Finally, 14 RCTs published
as full text were considered eligible for the meta-analysis,
in which 5,599 patients received one of the eight treatments
(Tables 1 and 2).
All 14 RCTs reported the rate of pCR. The chemoradiation regimen in the study of Wiśniowska et al13 included
short-term radiotherapy (5×5 Gy irradiation over 5 days)
combined with consolidation chemotherapy and long-course
chemoradiation (50.4 Gy in 28 fractions of 1.8 Gy given
concomitantly with chemotherapy). Only the data regarding
long-course chemoradiation were extracted for the present
meta-analysis to minimize heterogeneity. In the study of
O’Connell et al,14 the rate of pCR of each treatment was not
provided. Finally, the data of 13 articles were included for
this meta-analysis.
The rates of toxicity effects were available in 12 studies. The chemoradiation schedule of O’Connell et al14 was
amended in October 2005, in which the rate of toxicity effect
included the data before and after the amendment. We only
extracted the data after amending to minimize heterogene-

Additional records identified
through other sources
(n=5)

Screening

Records after duplicates removed
(n=4,809)

Eligibility
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Records screened
(n=4,809)

Full-text articles
extracted for detailed
assessment (n=29)

Included

Studies included in
qualitative synthesis
(n=14)

Articles excluded after
screening of title and
abstract (n=4,780)

Full-text articles excluded, with
reasons
(n=15)
4 not standard
chemoradiotherapy
8 full text unavailable
3 full text present as abstract

Studies included in
quantitative synthesis
(meta-analysis)
(n=14)

Figure 1 Literature search and selection.
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Table 1 Characteristics of the studies included in the meta-analysis, by first author
Study

Trial

Country

Study design

Population

Aschele et al (2011)

STAR-01

Italy

MC; Ph III

Deng et al (2015)19

FOWARC

China

MC; Ph III

Gérard et al (2010)20

ACCORD 12/0405
PRODIGE 2

France

MC; Ph III

cT3–4/cN0–2, ≤12 cm from AV
Resectable, NDM
Stage II (T3–4N0)/stage III (T1–4N1–2), ≤12
cm from AV
cT2–4/cN0–2, resectable, NDM

Haddad et al (2017)17
Hofheinz et al (2012)18

Iran
Germany

SC
MC; Ph III

Jiao et al (2015)35
Jung et al (2015)36
Kayal et al (2014)16
Mohiuddin et al (2006)21
O’Connell et al (2014)14

China
Korea
India
SB
USA

SC
MC; Ph II
SC
SC; Ph II
MC; Ph III

Germany
India
Poland
USA

MC; Ph III
SC
Subgroup; MC; Ph III
MC; Ph II
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Rödel et al (2012)22
Saha et al (2017)15
Wiśniowska et al (2016)13
Wong et al (2012)37

NSABP, R-04
CAO/ARO/AIO-04

RTOG 0247

Abbreviations: AV, anal verge; cN, clinical N staging; cT, clinical T staging; MC, multicenter; NDM, no distant metastases; Ph, phase; SB, Saudi Arabia; SC, single center.

ity. Two trials15,16 did not report the overall number of toxic
effects, but did report the number of cases of hematological,
gastrointestinal, genitourinary, and dermatologic toxic effects
separately. One study17 did not report the overall number of
toxic effects, but did report the number of cases of dermatitis
and diarrhea separately. One study18 provided the number
of cases of toxic effects for the combined neoadjuvant and
adjuvant groups. We did not include the data of these articles.
Overall, 3,772 patients were included in the pCR analysis
(13 studies), and 4,510 patients in the toxicity analysis (nine
studies). Eight and five RCTs were multicenter and single
center, respectively, and one was a subgroup analysis of a
multicenter trial. The included participants were patients with
locally advanced rectal cancer, and the tumor was located
within 9–16 cm of the anal verge. The interval between CRT
and surgery was 4–10 weeks in all the trials, except for the
study of Deng et al.19
The eight CRT regimens in the included RCTs were the
following: 5FU alone, or 5FU with OXA, CDDP, or CPT-11;
CAP alone, or CAP with OXA or CPT-11; and CPT-11 with
S1. In the present study, these eight regimens are, respectively,
referred to as 5FU, 5FU + OXA, 5FU + CDDP, 5FU + CPT11, CAP, CAP + OXA, CAP + CPT-11, and CPT-11 + S1.
The doses of radiotherapy varied between two arms in
the following studies: Gérard et al20 (CAP =45 Gy and CAP
+ OXA =50 Gy); Mohiuddin et al21 (5FU =45.6 Gy and 5FU
+ CPT-11=45 Gy); Rödel et al22 (5FU 1,000 mg/m²/d cf. 5FU
744
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RTOG-0012
R-04

cT3–4, and/or N, ≤15 cm from AV
cT3–4N any/cT any N+, ≤16 cm from AV,
NDM
Stage II/III, ≤12 cm from AV
cT3–4/N+, ≤12 cm from AV, NDM
cT3–4, and/or N, ≤15 cm from AV, NDM
cT3–4, ≤9 cm from AV, NDM
Stage II (T3–4N0)/stage III (T1–4N1–2), ≤12
cm from AV
NDM
cT3–4/cT any N+, ≤12 cm from AV, NDM
cT3–4, and/or N, ≤15 cm from AV, NDM
cT4/fixed cT3
cT3–4, ≤12 cm from AV, NDM

submit your manuscript | www.dovepress.com

Dovepress

250 mg/m²/d on days 1–14 and 22–23); and Mohiuddin et
al21 (5FU 225 mg/m2/d, 7 d/wk cf. 5FU 225 mg/m2/d 1–5 d/
wk). Twelve studies reported toxic effects that were scored by
grade in accordance with the Common Terminology Criteria
(although versions differed), except for one study21 which did
not state the criteria.

Risk-of-bias assessment
The risk of bias was assessed using the Cochrane Collaboration tool for risk of bias (Figures 2 and 3). The quality of the
14 RCTs included in this meta-analysis was generally moderate. The RCTs used true randomization, except for one study.
Information regarding allocation concealment was available
in only five of the studies. The method of blinding was not
reported in nine studies. Four were designed as open label,
and therefore, the results were potentially affected by performance bias. Intention-to-treat analyses were used in seven
articles. In all the studies, the risk of bias due to incomplete
outcome data, or selective reporting of outcomes, was low. In
two studies,21,22 the 5FU schedule varied between two arms,
and the risk of other sources of bias in these studies was high.

Assumptions in NMA methodology
There are three assumptions underlying the NMA methodology. The assumption of similarity requires that the key
factors of the regimens within a network should be statistically comparable, such as patient baseline characteristics,
Cancer Management and Research 2019:11
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5FU

6–8 weeks
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CAP
5FU

4–6 weeks

6–10 weeks

4–8 weeks

6–8 weeks

4–10 weeks

Hofheinz et al (2012)18

Jiao et al (2015)35

Jung et al (2015)36

Kayal et al (2014)16

Mohiuddin et al (2006)21

6–8 weeks

CAP + OXA

6–8 weeks

Haddad et al (2017)17

O’Connell et al (2014)14

CAP
CAP + OXA
CAP
5FU

6 weeks

Gérard et al (2010)20

5FU 225 mg/m2/d, 5 d/wk during RT; OXA
50 mg/m2×1/wk, 5 weeks
1,650 mg/m2/d, 5 d/wk during RT
CAP 1,650 mg/m2/d, 5 d/wk during RT;
OXA 50 mg/m2×1/wk, 5 weeks

5FU + OXA

CAP + OXA

CAP

5FU

5FU 225 mg/m2/d, 1–5 d/wk (120 h/wk);
CPT-11 50 mg/m2×1/wk, 4 weeks
225 mg/m2/d, 5 d/wk during RT

50.4 Gy, 1.8 Gy ×28
50.4 Gy, 1.8 Gy ×28

5FU: 225 mg/m /d, 1–5 d/wk ×6 weeks
5FU 225 mg/m2/d, 1–5 d/wk ×6 weeks;
OXA 60 mg/m2, 1 d/wk ×6 weeks
400 mg/m2, 2.4 g/m2 over 48 hours, 2-week
CYC ×5
5FU 400 mg/m2, 2.4 g/m2 over 48 hours,
2-week CYC ×5; OXA 85 mg/m2 D1 of
each CYC
CAP 1,600 mg/m2/d, 1–5 d/wk ×5 weeks
CAP 1,600 mg/m2/d, 1–5 d/wk ×5 weeks;
OXA 50 mg/m2 1 d/wk ×5 weeks
1,650 mg/m2/d
CAP 1,650 mg/m2/d; OXA 60 mg/m2×1/wk
1,650 mg/m2/d during RT
1,000 mg/m2/d, D1–5 and 29–33 during RT
CAP 1,600 mg/m2, D1–14 and 22–25; OXA
60 mg/m2/d, D1, 8, 22, and 29
1,600 mg/m2, D1–14 and D22–25
400 mg/m2/d, 3 consecutive days per 4
weeks, 2 CYC
CPT-11 40 mg/m2, D1, 8, 15, 22, and 29; S1
70 mg/m2/d of IRR
350 mg/m2/d, D1–5 and 29–33
5FU 350 mg/m2/d, D1–5 and 29–33; CDDP
100 mg/m2/d, D1 and 29
225 mg/m2, 7 d/wk
45.6 Gy, 1.2 Gy bid,
+10.8 Gy for T3, +14.4
Gy for T4
45 Gy, 1.8 Gy/d, +5.4 Gy
for T3; +10.8 Gy for T4
45 Gy, 1.8 Gy/d, +5.4 Gy
for T3, +10.8 Gy for T4
45 Gy, 1.8 Gy/d, +5.4 Gy
for T3, +10.8 Gy for T4
45 Gy, 1.8 Gy/d, +5.4 Gy
for T3, +10.8 Gy for T4
45 Gy, 1.8 Gy/d, +5.4 Gy
for T3, +10.8 Gy for T4

50 Gy, 2 Gy ×25
45 Gy, 1.8 Gy ×25, ±
boost 5.4 Gy
45 Gy, 1.8 Gy ×25, ±
boost 5.4 Gy
50.4 Gy, 1.8 Gy ×28
50.4 Gy, 1.8 Gy ×28

50.4 Gy, 1.8 Gy ×28
50.4 Gy, 1.8 Gy ×28
50 Gy, 2 Gy ×25

50–50.4 Gy
50–50.4 Gy

45 Gy, 1.8 Gy ×25
50 Gy, 2 Gy ×25

46.0–50.4 Gy, 1.8–2
Gy ×23–28
46.0–50.4 Gy, 1.8–2
Gy ×23–28

Radiation, fractions
2

Dosage

5FU + CPT-11

5FU

5FU + CDDP

5FU

CPT-11 +S1

CAP + OXA

CAP

5FU + OXA

5FU

Imm

5FU + OXA

Regime

Intervala

Deng et al (2015)19

Aschele et al (2011)

Study

Table 2 Characteristics of neoadjuvant CRT regimes included in the meta-analysis, by first author

330

135/322

96/319

472

84/317

28/51

20/47

5/71

11/103
1/70

22/103

32/293
74/291

29/379
85/352

Toxic effect

129/322

14/53

13/50

5/24
5/25

17/67

20/103
11/66

4/27
11/25
10/73
4/74
24/103

40/282
55/283

41/149

20/143

62/379
59/368

pCR

329

477

54

52

24
25

71

103
71

31
32
81
80
103

299
299

165

165

379
368

NP
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CTC 4.0

NA

CTC 4.0

CTC 4.0

CTC 3.0

CTC 2.0

CTC 4.0

CTC 3.0

CTC 3.0

CTC 2.0

Toxicity
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5FU

CAP + CPT11
CAP + OXA
4–8 weeks
Wong et al (2012)37

5FU

5FU + OXA
6 weeks
Wiśniowska et al (2016)13

Dovepress

Note: aInterval between CRT and surgery.
Abbreviations: 5FU, fluorouracil; CAP, capecitabine; CDDP, cisplatin; CPT-11, irinotecan; CRT, chemoradiotherapy; CTC, Common Terminology Criteria; CYC, cycle; Imm, immediately; IRR, irradiation; M-F, Monday to Friday ; NA, not
available; NP, number of patients; OXA, oxaliplatin; pCR, pathologic complete response; RT, radiotherapy; S1, combined tegafur, 5-chloro-2,4-dihydroxypyridine, and potassium oxonate.

12/52
73

50.4 Gy, 1.8 Gy ×28
CAP + OXA
6–8 weeks
Saha et al (2017)15

submit your manuscript | www.dovepress.com

CAP 1,200 mg/m2/d M-F; OXA 50 mg/m2×1/
wk, 5 weeks

4/67
6/51
67
73

50.4 Gy, 1.8 Gy ×28
45 Gy, 1.8 Gy ×25, +
boost 5.4 Gy
45 Gy, 1.8 Gy ×25, +
boost 5.4 Gy

14/52

CTC 3.0

CTC 4.0
3/21
7/69
21
69
50.4 Gy, 1.8 Gy ×28
50.4 Gy, 1.8 Gy ×28

21/69
5/21
21

7/67
14/52

CTC 3.0
127/624
140/606
81/606
103/591
637
628
50.4 Gy, 1.8 Gy ×28
50.4 Gy, 1.8 Gy ×28

1,000 mg/m /d, D1–5 and 29–33
5FU 250 mg/m2/d, D1–14 and 22–35; OXA
50 mg/m2/d, D1, 8, 22, and 29
CAP 2,000 mg/m2/d, D1–14 and 25–38; OXA
85 mg/m2, D1 and 29
350 mg/m2/d, D1–5 and 29–33
5FU 325 mg/m2/d, first and fifth week of IRR;
OXA 50 mg/m2/d, D1, 8, 15, 22, and 29 of
IRR
325 mg/m2/d, first and fifth week of IRR
CAP 1,200 mg/m2/d M-F; CPT-11 50 mg/
m2×1/wk, 4 weeks
Rödel et al (2012)

5FU + OXA

5FU
5–6 weeks

2

Regime
Intervala

22

Study

Table 2 (Continued)
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trial design, outcome definition, and so on. The assumption
of consistency is that there is agreement between the direct
and indirect results. Finally, the assumption of transitivity is
that the distribution of the effect modifiers across comparisons is similar. Overall, the meaningful unbiased estimates
from NMAs require that regimens in the meta-analysis are
acceptably comparable.

Network plot
Of the 13 publications that regarded the pCR, studies that
compared 5FU + OXA with 5FU were the most frequent. The
5FU-alone group had the highest number of subjects (Figure
4A). Of the nine publications that regarded toxicity effects,
studies that compared 5FU + OXA with 5FU were the most
frequent. The 5FU-alone group had the highest number of
subjects (Figure 4B).

Evidence contribution plot
With regard to the pCR, the direct comparison of 5FU and
5FU + OXA had a 100% effect on the combined results
(Figure 5A). The direct comparison between 5FU and 5FU +
OXA had a 42.6% effect on the indirect comparison between
5FU + OXA and CAP. The direct comparison of 5FU and
5FU + OXA had an 11.7% effect on the results of the NMA.
With regard to the toxic effects, the direct comparison of
5FU and 5FU + OXA had a 14.2% effect on the combined
results (Figure 5B). The direct comparison between 5FU and
5FU + OXA had a 5.3% effect on the indirect comparison
between 5FU and CAP + CPT-11. The direct comparison
of 5FU and 5FU + OXA had a 5.1% effect on the results
of the NMA.

Inconsistency test results
There is one loop in the NMA of the rate of pCR, and three
loops in the NMA of the rate of toxic effects (Figure 6).
The inconsistency factor bounded by the 0.09–0.85 95%
CI lower limit is nil, which shows good consistency within
each closed loop.

Results from NMA
With regard to the rate of pCR, the results of the NMA showed
that the pooled OR and 95% CI of CAP + OXA compared
with 5FU alone were 3.09 (1.08–8.89), which indicates a
significant difference in efficacy (Figure 7A). The pooled
OR and 95% CI of 5FU + OXA, CAP, CAP + CPT-11, CPT11+5FU, CPT-11+ S1, and 5FU + CDDP compared with 5FU
alone were, respectively, 1.39 (0.97–2.00), 2.04 (0.73–5.74),
1.37 (0.29–6.61), 1.02 (0.38–2.75), 1.70 (0.65–4.47), and
Cancer Management and Research 2019:11
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Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
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Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
Other bias
0%
Low risk of bias

Unclear risk of bias

25%

50%

75%

100%

High risk of bias

Figure 2 Risk-of-bias graph.
Note: Red, yellow, and green represent high, unclear, and low risk of bias, respectively.

0.95 (0.22–4.10). The pooled OR and 95% CI of CAP, CAP
+ OXA, CAP + CPT-11, CPT-11+5FU, CPT-11+ S1, and 5FU
+ CDDP compared with 5FU + OXA alone were, respectively,
1.46 (0.49–4.40), 2.22 (0.73–6.77), 0.99 (0.25–2.11), 0.73
(0.25–2.11), 1.22 (0.43–3.42), and 0.68 (0.15–3.08). The
pooled OR and 95% CI of CAP + OXA, CAP + CPT-11,
CPT-11+5FU, CPT-11+ S1, and 5FU + CDDP compared
with CAP alone were, respectively, 1.52 (0.95–2.42), 0.67
(0.19–2.36), 0.50 (0.12–2.10), 0.83 (0.20–3.44), and 0.47
(0.08–2.79). The pooled OR and 95% CI of CAP + CPT-11,
CPT-11+5FU, CPT-11+ S1, and 5FU + CDDP compared with
CAP + OXA alone were, respectively, 0.44 (0.14–1.42), 0.33
(0.08–1.41), 0.55 (0.13–2.30), and 0.31 (0.05–1.87). The
pooled OR and 95% CI of CPT-11+5FU, CPT-11+ S1, and
5FU + CDDP compared with CAP + CPT-11 alone were,
respectively, 0.74 (0.12–4.76), 0.24 (0.20–7.82), and 0.69
(0.08–5.92). The pooled OR and 95% CI of CPT-11+ S1
and 5FU + CDDP compared with CPT-11+5FU alone were,
respectively, 1.66 (0.42–6.64) and 0.93 (0.16–5.45). The
pooled OR and 95% CI of 5FU + CDDP compared with
CPT-11+ S1 alone was 0.56 (0.10–3.23).
With regard to the rate of toxic effect, the results of the
NMA showed that the pooled OR and 95% CI of 5FU + OXA
compared with 5FU alone were 2.17 (1.32–3.56), CAP +
OXA compared with 5FU alone were 2.46 (1.17–5.18), and
CAP + OXA compared with CAP alone were 2.16 (1.22–
3.83), which indicates a significant difference in efficacy.
The pooled OR and 95% CI of CAP, CAP + CPT-11,
CPT-11+5FU, and CPT-11+ S1 compared with 5FU alone
were, respectively, 1.14 (0.54–2.40), 2.46 (0.59–10.17), 1.64
(0.51–5.25), and 5.23 (0.51–53.79) (Figure 7B). The pooled
OR and 95% CI of CAP, CAP + OXA, CAP + CPT-11, CPT11+5FU, and CPT-11+ S1 compared with 5FU + OXA alone
Cancer Management and Research 2019:11

were, respectively, 0.52 (0.25–1.10), 1.13 (0.54–2.38), 1.13
(0.27–4.68), 0.76 (0.21–2.68), and 2.41 (0.22–26.12). The
pooled OR and 95% CI of CAP + CPT-11, CPT-11+5FU, and
CPT-11+ S1 compared with CAP alone were, respectively,
2.16 (0.57–8.24), 1.45 (0.36–5.75), and 4.60 (0.40–53.14).
The pooled OR and 95% CI of CAP + CPT-11, CPT-11+5FU,
and CPT-11+ S1 compared with CAP + OXA alone were,
respectively, 1.00 (0.30–3.35), 0.67 (0.17–2.65), and 2.13
(0.18–24.56). The pooled OR and 95% CI of CPT-11+5FU
and CPT-11+ S1 compared with CAP + CPT-11 alone were,
respectively, 0.67 (0.11–4.18) and 2.13 (0.14–32.57). The
pooled OR and 95% CI of CPT-11+ S1 compared with CPT11+5 FU alone were 3.18 (0.24–43.02).

Publication bias
A comparison-adjusted funnel plot was used for assessing
publications bias (Figure 8). Scatters in the funnel plot were
not exactly symmetrical, suggesting that publication bias
may exist. Although a funnel plot may indicate publication
bias, it is prone to misinterpretation. In fact, there is no gold
standard test to quantify publication bias in NMAs.23 A sensitivity analysis is needed to ensure the reliability of results.24

Sensitivity analysis
For the analysis of sensitivity, the RCTs of low quality were
removed. Either the study in which true randomization was
unclear was excluded,13 or two studies in which the 5FU
schedule varied between two arms were excluded.21,22 For the
rate of pCR, there was no evidence of inconsistency, and the
results of the NMA did not significantly change after removing these articles. For the rate of toxic effect, there was no
evidence of inconsistency, and the results of the NMA did
not significantly change when the study with the unclear
submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

747

Dovepress

when the article of Gérard et al20 was excluded, the OR of
CAP compared to CAP + OXA became nonsignificant.
The OR of CAP compared with CAP + OXA was
explored in a pairwise meta-analysis, and it was found to be
0.45 (0.30–0.68). The NMA and pairwise meta-analyses all
suggested that CAP + OXA compared with CAP showed a
significant difference with regard to the rate of toxic effect.
This change of result may be due to the reduction in test
efficiency after removing this article.

Ranking plot
Other bias

Selective reporting (reporting bias)

Incomplete outcome data (attrition bias)

Blinding of outcome assessment (detection bias)

Blinding of participants and personnel (performance bias)

Allocation concealment (selection bias)

Random sequence generation (selection bias)
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Aschele et al (2011)34
Deng et al (2015)19
Gérard et al (2010)20
Haddad et al (2017)17
Hofheinz et al (2012)

18

Jiao et al (2015)35
Jung et al (2015)

36

Kayal et al (2014)16
Mohiuddin et al (2006)21
O’Connell et al (2014)

14

Rödel et al (2012)22
Saha et al (2017)15
Wiśniowska et al (2016)13
Wong et al (2012)37
Figure 3 Risk-of-bias summary.
Note: Red, yellow, and green represent high, unclear, and low risk of bias,
respectively.

randomization was excluded. When the two studies in which
the 5FU schedule varied between two arms were excluded,
there was evidence of inconsistency.
Therefore, a sensitivity analysis was conducted by excluding any one study. There was no evidence of inconsistency,
and the results of the NMA did not significantly change,
except for three situations, as follows. First, there was evidence of inconsistency, so the article of Rödel et al,22 was
excluded. Second, when the article of O’Connell et al14 was
excluded, the other articles could not form a network. Finally,
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The order of SUCRA values for different CRT regimens with
regard to the rate of pCR was as follows: CAP + OXA (89.9),
CAP (66.4), CPT-11+ S1 (58.5), 5FU + OXA (50.0), CAP
+ CPT-11 (45.2), CPT-11+5FU (33.8), and 5FU + CDDP
(30.8) (Table 3; Figure 9A) and 5FU (25.5). Thus, CAP +
OXA had the highest probability of being the best regimen
in terms of clinical efficacy.
The order of SUCRA values for different CRT regimens
with regard to the rate of toxic effect was as follows: 5FU
(87.3), CAP (79.1), CPT-11+5FU (56.8), 5FU + OXA (38.9),
CAP + CPT-11 (36.6), CAP + OXA (31.4), and CPT-11+ S1
(19.8). Thus, 5FU had the highest probability of being the
best regimen with lowest toxic effects (Table 4; Figure 9B).
CAP had the highest probability of being the second best
regimen in terms of efficacy and the second best regimen
with lowest toxic effects.

Discussion
The present NMA evaluated the eight CRT regimes that are
currently used to treat locally advanced rectal cancer, with
regard to efficacy (defined as pCR) and toxicity. Fourteen
RCTs were included in the meta-analysis. Our results suggest that neoadjuvant CAP+ OXA is significantly more
effective than any of the 5FU regimens, and it is likely the
most efficacious among the eight. CAP appears to present the
best possible balance between efficacy and toxicity. Adding
OXA to 5FU or CAP significantly increased the associated
toxic effects.
5FU is a standard neoadjuvant CRT used in locally
advanced rectal cancer, and is administered either as a continuous intravenous infusion or as a bolus. The former has
been proven superior in terms of tumor response and overall
survival.26 CAP is orally administered and converts to 5FU
in tumor tissue, with the help of thymidine phosphorylase.
Thus, CAP mimics the pharmacologic activity of continuous
intravenous infusion of 5FU. Radiation induces the synthesis of thymidine phosphorylase, which further supports the
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CAP
CAP

5FU + CDDP

CAP + CPT-11

5FU

CPT-11 + S1

CAP + OXA
CPT-11 + 5FU

B
CAP
5FU + OXA
CAP + CPT-11

5FU

CAP + OXA
CPT-11 + S1
CPT-11 + 5FU

Figure 4 Network plot of chemoradiotherapy regimens: (A) pCR and (B) toxic effects.
Abbreviations: 5FU, fluorouracil; CAP, capecitabine; CDDP, cisplatin; CPT-11, irinotecan; OXA, oxaliplatin; pCR, pathologic complete response; S1, combined tegafur,
5-chloro-2,4-dihydroxypyridine, and potassium oxonate.

rationale that CAP combined with radiotherapy improves
the therapeutic effect.27
In 2016, a meta-analysis compared 5FU and CAP as
neoadjuvant CRT for locally advanced rectal cancer.28 The
meta-analysis included two RCTs and seven retrospective
studies, and showed that CAP was significantly more efficacious than 5FU. Our present meta-analysis indicated that,
compared with 5FU, CAP is likely associated with a higher
rate of pCR and lower rate of toxic effect, although the differences were not statistically significant. Because CAP is

Cancer Management and Research 2019:11

delivered orally and there is less risk of the bleeding, infection, and thrombosis that is associated with 5FU intravenous
infusion, a good alternative would best balance efficacy and
toxicity. CAP can thus be considered to replace 5FU as the
neoadjuvant CRT regime for locally advanced rectal cancer.
In preclinical studies, OXA has shown to be a potent
radiosensitizing agent. OXA combined with 5FU has been
used as palliative treatment for advanced colorectal cancer,29
and as adjuvant therapy for stage II–III colon cancer after
curative resection.30 As neoadjuvant CRT, 5FU + OXA has
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Figure 5 Evidence contribution plot: (A) pCR and (B) toxic effects.
Note: A: 5FU; B: 5FU + OXA; C: CAP; D: CAP + OXA; E: CAP + CPT-11; F: CPT-11+5FU; G: CPT-11+ S1; H: 5FU + CDDP.
Abbreviations: 5FU, fluorouracil; CAP, capecitabine; CDDP, cisplatin; CPT-11, irinotecan; OXA, oxaliplatin; pCR, pathologic complete response; S1, combined tegafur,
5-chloro-2,4-dihydroxypyridine, and potassium oxonate.
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Figure 6 Inconsistency test results of the (A) pCR and (B) toxic effects.
Note: A: 5FU; B: 5FU + OXA; C: CAP; D: CAP + OXA.
Abbreviations: 5FU, fluorouracil; CAP, capecitabine; IF, inconsistency factor; OXA, oxaliplatin; pCR, pathologic complete response.
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Figure 7 The interval plot of the ORs, their 95% CIs, and prediction intervals (red extensions) of the (A) pCR and (B) toxic effects.
Note: A: 5FU; B: 5FU + OXA; C: CAP; D: CAP + OXA; E: CAP + CPT-11; F: CPT-11+5FU; G: CPT-11+ S1; H: 5FU + CDDP.
Abbreviations: 5FU, fluorouracil; CAP, capecitabine; CDDP, cisplatin; CPT-11, irinotecan; OXA, oxaliplatin; pCR, pathologic complete response; PrI, prediction interval;
S1, combined tegafur, 5-chloro-2,4-dihydroxypyridine, and potassium oxonate.
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Figure 8 Funnel plot for publication bias in selected studies of the (A) pCR and (B) toxic effects.
Note: A: 5FU; B: 5FU + OXA; C: CAP; D: CAP + OXA; E: CAP + CPT-11; F: CPT-11+5 FU; G: CPT-11+ S1; H: 5FU + CDDP.
Abbreviations: 5FU, fluorouracil; CAP, capecitabine; CDDP, cisplatin; CPT-11, irinotecan; OXA, oxaliplatin; pCR, pathologic complete response; S1, combined tegafur,
5-chloro-2,4-dihydroxypyridine, and potassium oxonate.
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Table 3 SUCRA of each CRT regime with regard to the rate of
pCR
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Predictive
probabilities

Estimated
probabilities

SUCRA

PRBesta

Mean
rank

A

25.5

0.2

6.2

B
C
D
E
F
G
H
A

50.0
66.4
89.9
45.2
33.8
58.6
30.8
22.4

3.2
4.5
60.0
7.2
4.3
13.9
6.7
0.0

4.5
3.4
1.7
4.8
5.6
3.9
5.8
6.4

B
C
D
E
F
G
H

49.6
66.5
91.5
47.0
31.3
60.0
31.6

1.5
1.5
63.0
7.7
3.8
15.7
6.8

4.5
3.3
1.6
4.7
5.8
3.8
5.8

Notes: aProbability that the treatment is the best. A: 5FU; B: 5FU + OXA; C: CAP;
D: CAP + OXA; E: CAP + CPT-11; F: CPT-11+5 FU; G: CPT-11+ S1; H: 5FU+
CDDP.
Abbreviations: 5FU, fluorouracil; CAP, capecitabine; CDDP, cisplatin; CPT-11,
irinotecan; CRT, chemoradiotherapy; OXA, oxaliplatin; pCR, pathologic complete
response; S1, combined tegafur, 5-chloro-2,4-dihydroxypyridine, and potassium
oxonate; SUCRA, surface under the cumulative ranking curve.

also been applied for locally advanced rectal cancer; one
meta-analysis reported that adding OXA to 5FU or CAP
improved pCR, but with greater toxicity.31 In the present
meta-analysis, it was not determined whether the addition
of OXA to 5FU or CAP improved pCR. While separate
comparisons with 5FU alone or CAP alone did not reveal
any significant differences in the rates of pCR, the addition
of OXA was associated with a significant increase in toxic
effects. CAP + OXA significantly improved the rate of pCR
compared with 5FU alone, and it is likely the most effective
CRT.
Some of the regimens studied here are not commonly
used, such as 5FU + CDDP, 5FU + CPT-11, CPT-11+ S1,
and CAP + CPT-11. The present analysis suggests that these
treatments either provide only a low rate of pCR, or have
high toxicity, and therefore, future experiments with these
regimens are probably not warranted.
The present article has several advantages over other
related meta-analyses. Rather than comparing only two treatments, we compared every neoadjuvant CRT regime available
for locally advanced rectal cancer. The assessment of both
efficacy and toxic effects provided a benefit–risk ratio related
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to the different therapies. Furthermore, the NMA allowed us
to compare regimes indirectly when a head-to-head trial was
not available, and to draw more precise estimates of effect by
evaluating direct and indirect results jointly.32,33
The most powerful aspect of NMA is that it can statistically rank the efficacy of treatments. However, it should be
recognized that the results of NMA can be misleading or
even dangerous. For example, the differences between ranks
may be small or clinically unimportant. The ranking can be
influenced by bias in meta-analyses. Finally, the probabilities
may be fragile when the network is unsound.25 Because biases
can operate at different levels, the results of an NMA should
be interpreted with caution.

Limitations
The present article is limited in that, first, the pCR rate does
not reflect treatment efficacy as well as overall survival does.
However, data related to overall survival are not available.
Second, many comparisons were based on a single study,
and the results might alter if the study was modified. Third,
some studies included tumors as far as 15–16 cm from the
anal verge. Tumors that are further than 12 cm from the anal
verge are typically recommended for surgery but not CRT.
This may be considered a source of heterogeneity, which may
in turn affect the reliability of the results. Finally, in most of
the trials, information regarding blinding was not available,
or the study design was open label, with a few exceptions
(eg, Saha et al15 and Deng et al19). Therefore, the results may
be potentially influenced by performance bias.

Conclusion
This meta-analysis is the first to evaluate the preoperative
CRT regimes that are currently used to treat locally advanced
rectal cancer. Our results showed that CAP + OXA is likely
the most effective CRT schedule. While the toxic effects are
greater compared with 5FU, the pCR rate is significantly
higher. CAP may provide a better balance between efficacy
and toxic effect, compared with 5FU. Due to unavoidable
biases, the results of the study require verification, supplemented and supported by large-scale prospective RCTs.
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Figure 9 SUCRA for the cumulative probabilities of the (A) pCR and (B) toxic effects.
Note: A: 5FU; B: 5FU + OXA; C: CAP; D: CAP + OXA; E: CAP + CPT-11; F: CPT-11+5FU; G: CPT-11+ S1; H: 5FU + CDDP.
Abbreviations: 5FU, fluorouracil; CAP, capecitabine; CDDP, cisplatin; CPT-11, irinotecan; OXA, oxaliplatin; pCR, pathologic complete response; S1, combined tegafur,
5-chloro-2,4-dihydroxypyridine, and potassium oxonate; SUCRA, surface under the cumulative ranking curve.
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Table 4 SUCRA of each CRT regime with regard to the rate of
toxic effect
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Predictive
probabilities

Estimated
probabilities

SUCRA

PRBesta

Mean
rank

A

83.7

40.7

2.0

B
C
D
E
F
G
A

40.0
75.7
33.9
39.4
56.5
20.8
87.3

1.6
26.6
0.6
8.3
16.2
6.0
44.7

4.6
2.5
5.0
4.6
3.6
5.8
1.8

B
C
D
E
F
G

38.9
79.1
31.4
36.6
56.8
19.8

0.0
27.4
0.0
5.9
15.9
6.1

4.7
2.3
5.1
4.8
3.6
5.8

Notes: aProbability that the treatment is the best. A: 5FU; B: 5FU + OXA; C: CAP;
D: CAP + OXA; E: CAP + CPT-11; F: CPT-11+5 FU; G: CPT-11+ S1.
Abbreviations: 5FU, fluorouracil; CAP, capecitabine; CDDP, cisplatin; CPT-11,
irinotecan; CRT, chemoradiotherapy; OXA, oxaliplatin; S1, combined tegafur,
5-chloro-2,4-dihydroxypyridine, and potassium oxonate; SUCRA, surface under the
cumulative ranking curve.
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