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A B S T R A C T

Background

Epidermal growth factor receptor (EGFR) inhibitors prevent cell growth and have shown benefit in the treatment of metastatic colorectal
cancer, whether used as single agents or in combination with chemotherapy. Clear benefit has been shown in trials of EGFR monoclonal
antibodies (EGFR MAb) but not EGFR tyrosine kinase inhibitors (EGFR TKI). However, there is ongoing debate as to which patient
populations gain maximum benefit from EGFR inhibition and where they should be used in the metastatic colorectal cancer treatment
paradigm to maximise eHicacy and minimise toxicity.

Objectives

To determine the eHicacy, safety profile, and potential harms of EGFR inhibitors in the treatment of people with metastatic colorectal
cancer when given alone, in combination with chemotherapy, or with other biological agents.

The primary outcome of interest was progression-free survival; secondary outcomes included overall survival, tumour response rate,
quality of life, and adverse events.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), the Cochrane Library, Issue 9, 2016; Ovid MEDLINE (from 1950);
and Ovid Embase (from 1974) on 9 September 2016; and ClinicalTrials.gov and the World Health Organization International Clinical Trials
Registry Platform (WHO ICTRP) on 14 March 2017. We also searched proceedings from the major oncology conferences ESMO, ASCO, and
ASCO GI from 2012 to December 2016. We further scanned reference lists from eligible publications and contacted corresponding authors
for trials for further information where needed.
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Selection criteria

We included randomised controlled trials on participants with metastatic colorectal cancer comparing: 1) the combination of EGFR MAb
and 'standard therapy' (whether chemotherapy or best supportive care) to standard therapy alone, 2) the combination of EGFR TKI and
standard therapy to standard therapy alone, 3) the combination of EGFR inhibitor (whether MAb or TKI) and standard therapy to another
EGFR inhibitor (or the same inhibitor with a diHerent dosing regimen) and standard therapy, or 4) the combination of EGFR inhibitor
(whether MAb or TKI), anti-angiogenic therapy, and standard therapy to anti-angiogenic therapy and standard therapy alone.

Data collection and analysis

We used standard methodological procedures defined by Cochrane. Summary statistics for the endpoints used hazard ratios (HR) with
95% confidence intervals (CI) for overall survival and progression-free survival, and odds ratios (OR) for response rate (RR) and toxicity.
Subgroup analyses were performed by Kirsten rat sarcoma viral oncogene homolog (KRAS) and neuroblastoma RAS viral (V-Ras) oncogene
homolog (NRAS) status - firstly by status of KRAS exon 2 testing (mutant or wild type) and also by status of extended KRAS/NRAS testing
(any mutation present or wild type).

Main results

We identified 33 randomised controlled trials for analysis (15,025 participants), including trials of both EGFR MAb and EGFR TKI. Looking
across studies, significant risk of bias was present, particularly with regard to the risk of selection bias (15/33 unclear risk, 1/33 high risk),
performance bias (9/33 unclear risk, 9/33 high risk), and detection bias (7/33 unclear risk, 11/33 high risk).

The addition of EGFR MAb to standard therapy in the KRAS exon 2 wild-type population improves progression-free survival (HR 0.70, 95% CI
0.60 to 0.82; high-quality evidence), overall survival (HR 0.88, 95% CI 0.80 to 0.98; high-quality evidence), and response rate (OR 2.41, 95%
CI 1.70 to 3.41; high-quality evidence). We noted evidence of significant statistical heterogeneity in all three of these analyses (progression-

free survival: I2 = 76%; overall survival: I2 = 40%; and response rate: I2 = 77%), likely due to pooling of studies investigating EGFR MAb use in
diHerent lines of therapy. Rates of overall grade 3 to 4 toxicity, diarrhoea, and rash were increased (moderate-quality evidence for all three
outcomes), but there was no evidence for increased rates of neutropenia.

For the extended RAS wild-type population (no mutations in KRAS or NRAS), addition of EGFR MAb improved progression-free survival
(HR 0.60, 95% CI 0.48 to 0.75; moderate-quality evidence) and overall survival (HR 0.77, 95% CI 0.67 to 0.88; high-quality evidence).
Response rate was also improved (OR 4.28, 95% CI 2.61 to 7.03; moderate-quality evidence). We noted significant statistical heterogeneity

in the progression-free survival analysis (I2 = 61%), likely due to the pooling of studies combining EGFR MAb with chemotherapy with
monotherapy studies.

We observed no evidence of a statistically significant diHerence when EGFR MAb was compared to bevacizumab, in progression-free
survival (HR 1.02, 95% CI 0.93 to 1.12; high quality evidence) or overall survival (HR 0.84, 95% CI 0.70 to 1.01; moderate-quality evidence).

We noted significant statistical heterogeneity in the overall survival analysis (I2 = 51%), likely due to the pooling of first-line and second-
line studies.

The addition of EGFR TKI to standard therapy in molecularly unselected participants did not show benefit in limited data sets (meta-analysis
not performed). The addition of EGFR MAb to bevacizumab plus chemotherapy in people with KRAS exon 2 wild-type metastatic colorectal
cancer did not improve progression-free survival (HR 1.04, 95% CI 0.83 to 1.29; very low quality evidence), overall survival (HR 1.00, 95%
CI 0.69 to 1.47; low-quality evidence), or response rate (OR 1.20, 95% CI 0.67 to 2.12; very low-quality evidence) but increased toxicity (OR
2.57, 95% CI 1.45 to 4.57; low-quality evidence). We noted significant between-study heterogeneity in most analyses.

Scant information on quality of life was reported in the identified studies.

Authors' conclusions

The addition of EGFR MAb to either chemotherapy or best supportive care improves progression-free survival (moderate- to high-quality
evidence), overall survival (high-quality evidence), and tumour response rate (moderate- to high-quality evidence), but may increase
toxicity in people with KRAS exon 2 wild-type or extended RAS wild-type metastatic colorectal cancer (moderate-quality evidence). The
addition of EGFR TKI to standard therapy does not improve clinical outcomes. EGFR MAb combined with bevacizumab is of no clinical value
(very low-quality evidence). Future studies should focus on optimal sequencing and predictive biomarkers and collect quality of life data.

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

Epidermal growth factor receptor (EGFR) inhibitors for metastatic colorectal cancer

Background

Cancer of the colon or rectum that has spread to other organs (metastatic colorectal cancer) is a commonly occurring disease that usually
cannot be surgically removed. The main treatment is chemotherapy, targeted therapy (such as EGFR inhibitors, the subject of this review),
or both. The epidermal growth factor receptor (EGFR) is a protein found on cells that plays a vital role in promoting cell growth. Monoclonal
antibodies are molecules developed to attach to a particular protein in order to enhance or decrease action at that protein site. EGFR
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monoclonal antibodies (EGFR MAb), such as cetuximab and panitumumab, specifically target and block EGFR, which stops cancer cell
growth. Research has shown that people with mutations (gene changes) in KRAS (a gene related to EGFR) may not benefit from these drugs
('KRAS mutant'), but those without mutations ('KRAS wild type') do benefit. Recent research also suggests that people with mutations in
another related gene (NRAS) may not benefit from these drugs either – that is, patients need to have no mutation in either KRAS or NRAS
(otherwise known as 'extended RAS wild type').

Another type of EGFR-blocking drug known as tyrosine kinase inhibitor (EGFR TKI) (e.g. erlotinib and gefitinib) is eHective in the treatment
of lung cancer with EGFR mutations, but its benefit in colorectal cancer is unclear.

Objectives

To determine the benefit and harms of EGFR MAb and EGFR TKI in the treatment of metastatic colorectal cancer. Our primary aim was to
look at whether these drugs prolonged the time before disease progression (growth of the disease, usually defined as growth more than
20% or development of a new metastasis), but we also evaluated whether the drugs prolonged survival, caused the tumour to shrink, or
resulted in more side eHects (particularly rash and diarrhoea).

Study investigation

We reviewed the evidence for EGFR inhibitors in people with metastatic colorectal cancer. We selected randomised studies that compared
people receiving standard treatment with those who received standard treatment plus an EGFR inhibitor (both the more commonly used
drug type (EGFR MAb) or the less commonly used drug type (EGFR TKI)). We searched for published studies up to September 2016 and
identified 33 studies involving 15,025 participants, of which 27 studies looked at EGFR MAbs and 6 looked at EGFR TKIs.

Main results

Our main finding was that the addition of EGFR MAb drugs to standard treatment in people whose tumours were KRAS wild type reduces
the risk of disease progression by 30%. The risk of death is reduced by 12% (i.e. patients live longer overall), and the chance of tumour
shrinkage is increased from 31% to 46%. In people who are both KRAS and NRAS (extended RAS) wild type, the risk of disease progression
is reduced by 40%; risk of death is reduced by 23%; and the rate of tumour shrinkage increases from 21% to 48%.

There was no evidence of any diHerence in outcome between the combination of EGFR MAb plus chemotherapy and the combination of
bevacizumab (another targeted drug) plus chemotherapy.

There was no evidence that the use of EGFR TKI improved outcomes, although the number of studied participants (and trials) was too
small for a formal analysis.

There was no evidence that adding EGFR MAb to both chemotherapy and bevacizumab improved outcomes, and in fact was found to
increase toxicity.

Quality of the evidence

The evidence we identified was generally of moderate to high quality. Our main reason for not judging the evidence for all outcomes as high
quality was that in some studies the treating doctors assessed their patients’ scans for tumour shrinkage or growth, and their knowledge
of what treatment the patient received resulted in a higher risk of bias. Another reason for our judging of the evidence as lower quality was
that there were diHerences between the studies grouped in the meta-analyses calculations (heterogeneity).
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Summary of findings for the main comparison.   EGFR MAb in KRAS exon 2 WT for metastatic colorectal cancer

EGFR MAb in KRAS exon 2 WT for metastatic colorectal cancer

Patient or population: people with metastatic colorectal cancer - KRAS exon 2 WT
Intervention: EGFR MAb in addition to standard treatment

Comparison: standard treatment

Setting: multicentre international studies

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Standard therapy EGFR MAb + standard therapy

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the evi-
dence
(GRADE)

Progression-free survival 
Follow-up: 13 to 38 months

300 per 1000 (at 1

year)4
221 per 1000 (197 to 254) HR 0.70 

(0.60 to 0.82)
4402
(12 studies)

⊕⊕⊕⊕

high 1

Overall survival 
Follow-up: 13 to 38 months

400 per 1000 (at 2

years)4
352 per 1000 (335 to 392) HR 0.88 

(0.80 to 0.98)
4249
(12 studies)

⊕⊕⊕⊕
high

Study populationTumour response rate 
Follow-up: 13 to 38 months

331 per 1000 456 per 1000 
(411 to 501)

OR 2.41 
(1.70 to 3.41)

4147
(12 studies)

⊕⊕⊕⊕

high 1

Study populationOverall grade 3 to 4 toxicity 
Follow-up: 13 to 38 months

547 per 1000 747 per 1000 
(714 to 777)

OR 2.45 
(2.07 to 2.89)

2771
(6 studies)

⊕⊕⊕⊝

moderate 2

due to risk of bias

Study populationGrade 3 to 4 diarrhoea

Follow-up: 13 to 38 months 95 per 1000 162 per 1000 (134 to 196)

OR 1.84 (1.47 to
2.32)

2909
(7 studies)

⊕⊕⊕⊝

moderate 2

due to risk of bias

Study populationGrade 3 to 4 rash

Follow-up: 13 to 38 months 11 per 1000 205 per 1000 (127 to 313)

OR 23.42 (13.22 to
41.49)

2909
(7 studies)

⊕⊕⊕⊝

moderate 2

due to risk of bias
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Study populationGrade 3 to 4 neutropenia

Follow-up: 13 to 38 months 256 per 1000 296 per 1000 (240 to 357)

OR 1.22 (0.93 to
1.61)

2666
(6 studies)

⊕⊕⊕⊝

moderate 3

due to imprecision

Quality of life 4 of 5 studies showed no difference between the 2 arms or equivocal results; the
last study showed significant improvement on quality of life with the addition of
EGFR MAb.

2258
(5 studies)

⊕⊕⊕⊝

moderate 2

due to risk of bias

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; HR: hazard ratio; OR: odds ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Four of the 12 identified open-label trials employed local (i.e. non-centralised), non-blinded assessment of progression-free survival and tumour response rate, but we note the
consistent findings in favour of eHect in both trials with centralised and non-centralised response assessment. In our judgement this constitutes an unclear risk of bias, and is not
severe enough to merit downgrading the level of evidence for progression-free survival and tumour response rate. We also note significant heterogeneity in these analyses, which
is due more by diHering degrees of benefit rather than the presence or absence of benefit itself. We therefore opted to assess the evidence for these outcomes as high quality.
2We judged the outcomes overall grade 3 to 4 toxicity, grade 3 to 4 diarrhoea, and grade 3 to 4 rash as well as quality of life as being at high risk of bias because of unblinded
assessment of (somewhat) subjective symptoms in all included trials. We therefore downgraded the quality of the evidence by one level to moderate for these outcomes.
3We noted that a suHicient number of events (377 + 347 = 714) and participants were included in this analysis. However, the 95% confidence interval for the summary statistic
for this outcome (0.93 to 1.61) crosses both the point of no benefit (1) and that of significant clinical harm (1.25). We therefore downgraded the quality of evidence by one level
for imprecision of the estimate.
4Figures estimated based on control group of Douillard PRIME 2010.
 
 

Summary of findings 2.   EGFR MAb in KRAS exon 2 MT for metastatic colorectal cancer

EGFR MAb in KRAS exon 2 MT for metastatic colorectal cancer

Patient or population: people with metastatic colorectal cancer - KRAS exon 2 MT
Intervention: EGFR MAb in addition to standard treatment

Comparison: standard treatment

Setting: multicentre international studies

Outcomes Illustrative comparative risks* (95% CI) Relative effect
(95% CI)

No. of partici-
pants

Quality of the evidence
(GRADE)
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Assumed risk Corresponding risk

Standard therapy EGFR MAb + standard thera-
py

(studies)

Progression-free survival 
Follow-up: 13 to 38 months

300 per 1000 (at 1

year)7
307 per 1000 (272 to 348) HR 1.03 

(0.89 to 1.20)
2567
(8 studies)

⊕⊕⊕⊝

moderate 1

due to inconsistency

Overall survival 
Follow-up: 13 to 38 months

300 per 1000 (at 2

years)7
307 per 1000 (285 to 332) HR 1.03 

(0.94 to 1.13)
2268
(8 studies)

⊕⊕⊕⊕
high

Study populationTumour response rate 
Follow-up: 13 to 38 months

249 per 1000 236 per 1000 
(197 to 278)

OR 0.93 
(0.74 to 1.16)

1925
(8 studies)

⊕⊕⊕⊕
high

Study populationOverall grade 3 to 4 toxicity 
Follow-up: 13 to 38 months

545 per 1000 661 per 1000 
(540 to 764)

OR 1.63 
(0.98 to 2.71)

1635
(5 studies)

⊕⊝⊝⊝

very low 2,3,4

due to inconsistency, im-
precision, and risk of bias

Study populationGrade 3 to 4 diarrhoea

Follow-up: 13 to 38 months 92 per 1000 128 per 1000 (93 to 176)

OR 1.45 (1.01 to
2.11)

1635
(5 studies)

⊕⊕⊝⊝

low 4,5

due to imprecision and
risk of bias

Study populationGrade 3 to 4 rash

Follow-up: 13 to 38 months 7 per 1000 195 per 1000 (101 to 343)

OR 32.35 (15.01 to
69.7)

1635
(5 studies)

⊕⊕⊕⊝

moderate 4,6

due to risk of bias

Study populationGrade 3 to 4 neutropenia

Follow-up: 13 to 38 months 383 per 1000 303 per 1000 (366 to 248)

OR 0.7 (0.53 to
0.93)

968
(3 studies)

⊕⊕⊕⊕
high

Quality of life No data available for this outcome

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; HR: hazard ratio; OR: odds ratio
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GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Significant heterogeneity exists in this analysis (I2 = 61%). Furthermore, several included studies (e.g. Bokemeyer OPUS 2009; Johnsson Nordic ACT 2013) report confidence
intervals with no overlap, adding to the likelihood of inconsistency. Given this evidence pointing towards inconsistency, we downgraded the quality of the evidence for this
outcome by one level.
2Significant heterogeneity exists in this analysis (I2 = 74%). Furthermore, several included studies (e.g. Amado 2008 and Bokemeyer OPUS 2009) report confidence intervals with
no overlap, adding to the likelihood of inconsistency.
3We noted that the 95% confidence interval of the eHect estimate is 0.98 to 2.71, which includes both the point of no eHect (1) and appreciable harm (1.25). Given this evidence
for imprecision, we downgraded the quality of the evidence for this outcome by one level.
4As discussed in the Assessment of risk of bias in included studies section, we judged the outcomes overall grade 3 to 4 toxicity, grade 3 to 4 diarrhoea, and grade 3 to 4 rash as at
high risk of bias due to the unblinded nature of all studies and the subjective evaluation of these measures by either unblinded participant or clinician. We therefore downgraded
the quality of the evidence for these outcomes by one level each.
5There were fewer than 300 events in total for this outcome (110 + 74 = 184). Although a low number of events in a dichotomous outcome does not necessitate downgrading,
we also note that the 95% confidence interval is 1.01 to 2.11 - quite close to an odds ratio of 1 (zero diHerence) and including the point of appreciable harm (1.25). We therefore
downgraded this outcome for imprecision.
6There were fewer than 300 events in total for this outcome as well (195 + 6 = 201). However, the 95% confidence interval here does not come close to the point of no diHerence
(1) and in fact is strongly in favour of increased frequency (odds ratio 32.35, 95% confidence interval 15.01 to 69.7). Given the magnitude of this result, we feel that any small
imprecision is unlikely to alter the clinical interpretation of the result; therefore, in contrast to the prior outcome, we decided not to downgrade this outcome for imprecision.
7Figures estimated based on control group of Douillard PRIME 2010.
 
 

Summary of findings 3.   EGFR MAb in extended RAS WT for metastatic colorectal cancer

EGFR MAb in extended RAS for metastatic colorectal cancer

Patient or population: people with metastatic colorectal cancer - extended RAS WT
Intervention: EGFR MAb in addition to standard treatment

Comparison: standard treatment

Setting: multicentre international studies

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Standard therapy EGFR MAb + standard
therapy

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the evi-
dence
(GRADE)
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Progression-free survival 
Follow-up: 13 to 38 months

300 per 1000 (at 1
year)

193 per 1000 (157 to 235) HR 0.60 
(0.48 to 0.75)

1237
(6 studies)

⊕⊕⊕⊝

moderate 1

due to inconsistency

Overall survival 
Follow-up: 13 to 38 months

400 per 1000 (at 2
years)

325 per 1000 (290 to 362) HR 0.77 
(0.67 to 0.88)

1053
(4 studies)

⊕⊕⊕⊕
high

Study populationTumour response rate 
Follow-up: 13 to 38 months

213 per 1000 536 per 1000

(414 to 655)

OR 4.28 
(2.61 to 7.03)

1001
(4 studies)

⊕⊕⊕⊝

moderate 2

due to inconsistency

Overall grade 3 to 4 toxicity No data available for this outcome

Grade 3 to 4 diarrhoea No data available for this outcome

Grade 3 to 4 rash No data available for this outcome

Grade 3 to 4 neutropenia No data available for this outcome

Quality of life No data available for this outcome

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; HR: hazard ratio; OR: odds ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1We noted that significant heterogeneity exists in this analysis (I2 = 61%). Furthermore, two included studies report confidence intervals with no overlap (Amado 2008; Douillard
PRIME 2010), adding to the likelihood of inconsistency. Even though the diHerential eHicacy observed between trials leading to statistical heterogeneity can be explained by the
diHering use of EGFR MAb - either as monotherapy or in combination with chemotherapy - we felt that the degree of disparity between diHerent trials nevertheless did warrant
downgrading of the quality of the evidence in this case.
2We noted that significant heterogeneity (I2 = 47%) exists in this analysis. Even though separation of clinical trials by EGFR MAb (cetuximab versus panitumumab) resolved the
heterogeneity, we felt that the degree of disparity between diHerent trial results nevertheless warranted downgrading of the quality of the evidence in this case.
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Summary of findings 4.   EGFR MAb in extended RAS mutation for metastatic colorectal cancer

EGFR MAb in extended RAS mutation for metastatic colorectal cancer

Patient or population: people with metastatic colorectal cancer - extended RAS MT
Intervention: EGFR MAb in addition to standard treatment

Comparison: standard treatment

Setting: multicentre international studies

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Standard therapy EGFR MAb + standard thera-
py

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the evi-
dence
(GRADE)

Progression-free survival 
Follow-up: 13 to 38 months

300 per 1000 (at 1
year)

332 per 1000 (282 to 384) HR 1.13 
(0.93 to 1.36)

2023
(6 studies)

⊕⊕⊕⊝

moderate 1

due to inconsistency

Overall survival

Follow-up: 13 to 38 months

300 per 1000 (at 2
years)

322 per 1000 (282 to 367) HR 1.09 
(0.93 to 1.28)

1768
(4 studies)

⊕⊕⊕⊝

moderate 2

due to imprecision

Study population

285 per 1000 233 per 1000 
(180 to 295)

Moderate

Tumour response rate 
Follow-up: 13 to 38 months

360 per 1000 299 per 1000 
(236 to 371)

OR 0.76 
(0.55 to 1.05)

840
(3 studies)

⊕⊕⊕⊝

moderate 3

due to imprecision

Overall grade 3 to 4 toxicity No data available for this outcome

Grade 3 to 4 diarrhoea No data available for this outcome

Grade 3 to 4 rash No data available for this outcome

Grade 3 to 4 neutropenia No data available for this outcome
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0

Quality of life No data available for this outcome

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; HR: hazard ratio; OR: odds ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1We noted that significant heterogeneity exists (I2 = 62%) in this analysis with studies whose confidence intervals do not overlap (e.g. Peeters 2010 and Douillard PRIME 2010).
Even though subgroup analysis of trials by their respective lines of therapy explained some of this heterogeneity, significant heterogeneity remained (in the subgroup of second-

line studies, I2 = 62%). We therefore downgraded the quality of the evidence by one grade for inconsistency.
2The 95% confidence interval of the eHect estimate is 0.93 to 1.28, which includes both the point of no eHect (1) and appreciable harm (1.25). As a result of this finding in an
important outcome (where a 25% diHerence would certainly be clinically important), we downgraded the quality of the evidence for this outcome by one grade.
3Fewer than 300 events were observed in this analysis (113 + 115 = 228). In addition, the 95% confidence interval of the eHect estimate is 0.55 to 1.05, which includes both the
point of no eHect (1) and significant harm (0.75). As a result of this evidence for imprecision, we downgraded the quality of the evidence for this outcome by one grade.
 
 

Summary of findings 5.   EGFR inhibitors in KRAS unselected participants

EGFR inhibitors in KRAS unselected participants

Patient or population: people with metastatic colorectal cancer, not selected by KRAS status
Intervention: EGFR inhibitors in addition to standard treatment

Comparison: standard treatment

Setting: multicentre international studies

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Standard therapy EGFR inhibitor+
standard therapy

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the evidence
(GRADE)

Progression-free survival 
Follow-up: 17 months (reported by 1 study)

The majority of studies showed no change in progression-free sur-
vival.

1483
(2 studies)

⊕⊕⊕⊕
high

Overall survival Both studies showed no effect on overall survival. 1382
(2 studies)

⊕⊕⊕⊕
high
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1

Follow-up: 17 months (reported by 1 study)

Tumour response rate 
Follow-up: 17 months (reported by 1 study)

The majority of studies showed increased response rate. 1372
(2 studies)

⊕⊕⊕⊝

moderate 1

due to imprecision

Overall grade 3 to 4 toxicity

Follow-up: 17 months (reported by 1 study)

The included study showed increased rate of toxicity. 1267
(1 study)

⊕⊕⊝⊝

low 1,2

due to risk of bias and im-
precision

Grade 3 to 4 diarrhoea

Follow-up: 17 months (reported by 1 study)

The included studies showed increased rates of diarrhoea. 1341
(2 studies)

⊕⊕⊝⊝

low 1,2

due to risk of bias and im-
precision

Grade 3 to 4 rash

Follow-up: 17 months (reported by 1 study)

The included studies showed increased rates of rash. 1341

(2 studies)

⊕⊕⊝⊝

low 1,2

due to risk of bias and im-
precision

Grade 3 to 4 neutropenia

Follow-up: 17 months (reported by 1 study)

The included studies showed a small increase or no change in
rates of neutropenia.

1341

(2 studies)

⊕⊕⊕⊝

moderate 1

due to imprecision

Quality of life The included study reported improved quality of life in the inter-
vention arm.

1298
(1 study)

⊕⊕⊕⊝

moderate 2

due to risk of bias

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
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2

1Each of these outcomes had fewer than 400 recorded events, and given the low event rates, we downgraded the quality of the evidence for these outcomes by one grade.
2We judged overall toxicity, rash, diarrhoea, and quality of life as being at high risk of bias due to unblinded assessment of (somewhat) subjective symptoms in all included trials.
We therefore downgraded the quality of the evidence by one level for each of these outcomes.
 
 

Summary of findings 6.   Comparing EGFR inhibitors to another biologic agent

Comparing EGFR inhibitors to another biologic agent

Patient or population: people with metastatic colorectal cancer
Intervention: EGFR inhibitors (EGFR MAb in all identified trials) in addition to standard therapy
Comparison: another biologic agent (bevacizumab in all identified trials) in addition to standard therapy

Setting: multicentre international studies

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Bevacizumab +
standard therapy

EGFR inhibitor + standard
therapy

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the evidence
(GRADE)

Progression-free survival 
Follow-up: 24 to 36 months

400 per 1000 (at 1

year)8
406 per 1000 (378 to 436) HR 1.02 

(0.93 to 1.12)
2189
(4 studies)

⊕⊕⊕⊕
high

Overall survival 
Follow-up: 24 to 36 months

500 per 1000 (at 2

years)8
441 per 1000 (384 to 503) HR 0.84 

(0.70 to 1.01)
2189
(4 studies)

⊕⊕⊕⊝

moderate 1,2

due to imprecision

Study populationTumour response rate 
Follow-up: 24 to 36 months

539 per 1000 614 per 1000 
(573 to 654)

OR 1.36 
(1.15 to 1.62)

2184
(4 studies)

⊕⊕⊕⊝

moderate 3

due to limitations in imple-
mentation

Study populationOverall grade 3 to 4 toxicity 
Follow-up: 24 to 36 months

667 per 1000 733 per 1000 
(686 to 775)

OR 1.37 
(1.09 to 1.72)

2133
(4 studies)

⊕⊕⊕⊝

moderate 4

due to risk of bias

Study populationGrade 3 to 4 diarrhoea

Follow-up: 36 to 40 months 103 per 1000 111 per 1000 (83 to 145)

OR 1.06 (0.67 to
1.67)

1673
(2 studies)

⊕⊝⊝⊝

very low 4,5,6
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1
3

due to risk of bias, inconsis-
tency, and imprecision

Study populationGrade 3 to 4 rash

Follow-up: 12 to 40 months 2 per 1000 90 per 1000 (30 to 240)

OR 47.53 (14.84 to
152.19)

1951
(3 studies)

⊕⊕⊕⊝

moderate 4,7

due to risk of bias

Grade 3 to 4 neutropenia No data available for this outcome

Quality of life No data available for this outcome

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; HR: hazard ratio; OR: odds ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Significant heterogeneity (I2 = 51%) was present in this analysis. However, consideration of trials by lines of therapy led to a decrease in statistical heterogeneity, which we
considered to be a plausible explanation for the diHerential eHicacy observed. We therefore did not downgrade the quality of the evidence for inconsistency for this outcome.
2The 95% confidence interval is (0.70 to 1.01), which includes both the point of no eHect (1) and a point of clinically significant benefit (0.75). As a 25% diHerence in overall survival
would certainly be clinically important, we felt that the imprecision in this estimate warranted a downgrading in the quality of the evidence.
3Significant dropout rates were noted in Heinemann FIRE-3 2014 (28/297 participants not assessable for response in cetuximab arm, 20/295 in bevacizumab arm, for "other
reasons"). On sensitivity analyses (see 6.3 Tumour response rate in the Results), best-case/worst-case analyses showed that the above result did not remain significant (1.26, 95%
CI 0.93 to 1.71). We therefore downgraded the quality of the evidence by one level due to the limitations of implementation demonstrated by the significant dropout rate.
4We noted that we considered outcomes 6.4 to 6.6 (overall grade 3 to 4 toxicity, grade 3 to 4 diarrhoea, and grade 3 to 4 rash) as at high risk of bias due to the unblinded nature
of all of the included trials and the assessment of toxicity by either unblinded clinician or participant. As a result, we downgraded each of these outcomes by one grade.
5We noted that there was significant heterogeneity in this analysis (I2 = 52%) with two studies that varied widely in their confidence intervals (the 95% confidence interval for
Heinemann FIRE-3 2014 was 0.51 to 1.34, whereas it was 0.87 to 1.98 for Venook CALGB 80405 2014). We therefore downgraded this outcome for inconsistency.
6We noted that there were fewer than 300 events in total for this outcome (93 + 85 = 178). Given that the 95% confidence interval (0.79 to 1.48) includes both the point of no eHect
(1) and a point of clinically significant harm (1.25), we decided to downgrade this outcome for imprecision.
7There were fewer than 300 events in total for this outcome as well (134 + 2 = 136). However, the 95% confidence interval, considered in absolute terms, diHers significantly
to the event rate without intervention (2 per 1000 compared to the 95% confidence interval of 30 to 240 per 1000). The imprecision noted here is unlikely to aHect the clinical
interpretation of this analysis (that the odds of developing rash on EGFR MAb is likely to be significantly increased). We therefore decided not to downgrade this outcome for
imprecision, in contrast to the prior outcome.
8Numbers estimated based on figures provided in Heinemann FIRE-3 2014.
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Summary of findings 7.   Comparing di>erent EGFR inhibitor agents or regimens

Comparing different EGFR inhibitor agents or regimens

Patient or population: people with metastatic colorectal cancer, not selected by KRAS status
Intervention: EGFR inhibitor in combination with standard treatment

Comparison: a different EGFR inhibitor (or the same one with a different regimen) in combination with standard treatment

Setting: multicentre international studies

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding
risk

Outcomes

EGFR inhibitor + stan-
dard therapy (differ-
ent agent or dose of
EGFR inhibitor)

EGFR inhibitor+
standard therapy

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the evidence
(GRADE)

Progression-free survival 
Follow-up: 10 to 34 months

The majority of studies showed no difference. 1651
(6 studies)

⊕⊕⊕⊝

moderate 1

due to risk of bias

Overall survival

Follow-up: 10 to 34 months

The majority of studies showed no difference. 1482
(5 studies)

⊕⊕⊕⊕
high

Tumour response rate 
Follow-up: 10 to 34 months

The majority of studies showed no difference. 1313
(4 studies)

⊕⊕⊕⊝

moderate 2

due to imprecision

Overall grade 3 to 4 toxicity

Follow-up: 10 to 34 months

The majority of studies showed no difference. 1651
(6 studies)

⊕⊕⊕⊝

moderate 1

due to risk of bias

Grade 3 to 4 diarrhoea

Follow-up: 10 to 34 months

The majority of studies showed no difference. 1651
(6 studies)

⊕⊕⊝⊝

low 1,2

due to risk of bias and impre-
cision
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Grade 3 to 4 rash

Follow-up: 10 to 34 months

The majority of studies showed no difference. 1651
(6 studies)

⊕⊕⊝⊝

low 1,2

due to risk of bias and impre-
cision

Grade 3 to 4 neutropenia

Follow-up: 10 to 34 months

The majority of studies showed no difference. 1651
(6 studies)

⊕⊕⊕⊝

moderate 2

due to imprecision

Quality of life No data available for this outcome

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1We downgraded these outcomes for high risk of bias, as noted in the 'Summary assessments of risk of bias across studies for each outcome' section in the Results.
2As these outcomes had fewer than 400 events, we downgraded the quality of the evidence by one grade.
 
 

Summary of findings 8.   EGFR TKI in KRAS unselected participants

EGFR inhibitors in KRAS unselected participants

Patient or population: people with metastatic colorectal cancer, not selected by KRAS status
Intervention: EGFR TKI in addition to standard treatment

Comparison: standard treatment

Setting: multicentre international studies

Illustrative comparative risks* (95% CI)Outcomes

Assumed risk Corresponding
risk

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the evidence
(GRADE)
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Standard therapy EGFR TKI+ stan-
dard therapy

Progression-free survival 
Follow-up: 14.5 months (reported by 1
study)

Both studies found no difference. 181
(2 studies)

⊕⊕⊝⊝

low 1,2

due to risk of bias and impreci-
sion

Overall survival

Follow-up: 14.5 months (reported by 1
study)

The only study reporting this outcome found no difference. 99
(2 studies)

⊕⊕⊕⊝

moderate 2

due to imprecision

Tumour response rate 
Follow-up: 14.5 months (reported by 1
study)

The only study reporting this outcome found no difference. 99
(1 study)

⊕⊕⊝⊝

low 1,2

due to risk of bias and impreci-
sion

Overall grade 3 to 4 toxicity

Follow-up: 14.5 months (reported by 1
study)

The only study reporting this outcome found an increased rate of
toxicity.

99
(1 study)

⊕⊕⊝⊝

low 1,2

due to risk of bias and impreci-
sion

Grade 3 to 4 diarrhoea

Follow-up: 14.5 months (reported by 1
study)

Both studies found an increased rate of diarrhoea. 181
(2 studies)

⊕⊕⊝⊝

low 1,2

due to risk of bias and impreci-
sion

Grade 3 to 4 rash

Follow-up: 14.5 months (reported by 1
study)

The only study reporting this outcome found an increased rate of
rash.

99
(1 study)

⊕⊕⊝⊝

low 1,2

due to risk of bias and impreci-
sion

Grade 3 to 4 neutropenia

Follow-up: 14.5 months (reported by 1
study)

The only study reporting this outcome found an increased rate of
neutropenia.

99
(1 study)

⊕⊕⊕⊝

moderate 2

due to imprecision

Quality of life No data available for this outcome
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1We judged these outcomes to be at high risk of bias due to their open-label nature without centralised or blinded review of outcomes. We therefore downgraded the quality
of the evidence by one grade.
2No outcome achieved 400 events because of the low number of included participants, thus all outcomes were downgraded one grade for imprecision.
 
 

Summary of findings 9.   EGFR inhibitors added to bevacizumab for metastatic colorectal cancer

EGFR inhibitors added to bevacizumab for metastatic colorectal cancer

Patient or population: people with metastatic colorectal cancer
Intervention: EGFR inhibitors in addition to the combination of bevacizumab and standard therapy

Comparison: bevacizumab and standard therapy

Setting: multicentre international studies

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Bevacizumab +
standard therapy

EGFR inhibitor+ beva-
cizumab + standard thera-
py

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Quality of the evidence
(GRADE)

Progression-free survival

Follow-up: 23 to 37 months

400 per 1000 (at 1

year)11
412 per 1000 (346 to 483) HR 1.04 (0.83 to

1.29)
1571
(6 studies)

⊕⊝⊝⊝

very low 1,2,3

due to risk of bias, inconsistency,
and imprecision

Overall survival

Follow-up: 23 to 37 months

500 per 1000 (at 2

years)11
500 per 1000 (380 to 639) HR 1.00 

(0.69 to 1.47)
1257
(5 studies)

⊕⊕⊝⊝

low 4,5

C
o
ch

ra
n
e

L
ib

ra
ry

T
ru

ste
d
 e

v
id

e
n
ce

.
In

fo
rm

e
d
 d

e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch
ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s



E
p
id

e
rm

a
l g

ro
w

th
 fa

cto
r re

ce
p
to

r (E
G

F
R

) in
h
ib

ito
rs fo

r m
e
ta

sta
tic co

lo
re

cta
l ca

n
ce

r (R
e
v
ie

w
)

C
o
p
yrig

h
t ©

 2017 T
h
e C

o
ch
ra
n
e C

o
lla
b
o
ra
tio
n
. P
u
b
lish

ed
 b
y Jo

h
n
 W
ile
y &

 S
o
n
s, Ltd

.

1
8

due to inconsistency and impreci-
sion

Study populationTumour response rate 
Follow-up: 11 to 50 months

387 per 1000 431 per 1000 (297 to 572)

OR 1.2 (0.67 to
2.12)

1310
(4 studies)

⊕⊝⊝⊝

very low 1,6,7

due to risk of bias, inconsistency,
and imprecision

Study populationOverall grade 3 to 4 toxicity

Follow-up: 11 to 35 months 717 per 1000 867 per 1000 (786 to 921)

OR 2.57 (1.45 to
4.57)

1831
(3 studies)

⊕⊕⊝⊝

low 1,8

due to risk of bias and inconsistency

Study populationGrade 3 to 4 diarrhoea

Follow-up: 11 to 50 months 110 per 1000 242 per 1000 (151 to 364)

OR 2.58 (1.44 to
4.64)

2434
(5 studies)

⊕⊕⊝⊝

low 1,9

due to risk of bias and inconsistency

Study populationGrade 3 to 4 rash

Follow-up: 11 to 50 months 5 per 1000 257 per 1000 (136 to 431)

OR 67.52 (30.83 to
147.85)

2363
(4 studies)

⊕⊕⊕⊕

moderate 1

due to risk of bias

Study populationGrade 3 to 4 neutropenia

Follow-up: 11 to 37 months 205 per 1000 200 per 1000 (158 to 250)

OR 0.97 (0.73 to
1.29)

1187
(2 studies)

⊕⊕⊕⊝

moderate 10

due to imprecision

Quality of life No data available for this outcome

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; HR: hazard ratio; OR: odds ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1As mentioned in the 'Summary assessments of risk of bias across studies for each outcome' section in the Results, we considered outcomes 9.1 (progression-free survival), 9.3
(tumour response rate), 9.4 to 9.6 (overall grade 3 to 4 toxicity, grade 3 to 4 diarrhoea, grade 3 to 4 rash) as at high risk of bias largely due to the unblinded design of all included
randomised controlled trials and the potential for performance bias. We therefore downgraded these outcomes by one grade for risk of bias.
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2Significant heterogeneity exists in the analysis of this outcome (I2 = 66%) with studies whose confidence intervals do not overlap (e.g. Hecht PACCE 2009 and Tournigand DREAM
2015). We therefore considered there to be enough evidence to downgrade this outcome for inconsistency.
3The 95% confidence interval, 0.83 to 1.29, crosses the point of no eHect (1) as well as significant harm (1.25). Given that for this outcome (progression-free survival) a 25% change
would be clinically relevant, we therefore considered the imprecision to be enough to justify downgrading of this outcome.
4The 95% confidence interval, 0.76 to 1.49, crosses the point of no eHect (1) as well as significant harm (1.25). As a 25% change in overall survival would definitely be clinically
relevant, we therefore considered the evidence of imprecision to be enough to justify downgrading of this outcome.
5Significant heterogeneity exists in the analysis of this outcome (I2 = 81%) with studies whose confidence intervals do not overlap (e.g. Hecht PACCE 2009 and Tournigand
DREAM 2015). Although separation of trials investigating EGFR TKI in the maintenance setting and those investigating EGFR MAb on disease progression reduced the amount
of heterogeneity evident, the degree of between-study heterogeneity was such that we considered that any summary measure incorporating these disparate trials should be
downgraded for inconsistency.
6We noted that the 95% confidence interval (0.67 to 2.12) includes the point of no eHect (1), a point of clinically significant benefit (1.25), as well as a point of significant harm
(0.75). All of these points would be clinically relevant for tumour response rate. Given that the large confidence interval spans all these points, we therefore decided to downgrade
this outcome for imprecision.
7We noted that there was significant heterogeneity in this analysis (I2 = 78%). Furthermore, two of the included studies, Hecht PACCE 2009 and Tournigand DREAM 2015, reported
confidence intervals with no overlap, adding to the likelihood of inconsistency. We therefore downgraded this outcome.
8We noted significant heterogeneity in this analysis (I2 = 77%). Furthermore, two studies have 95% confidence intervals that only minimally overlap (2.30 to 4.63 in Hecht PACCE
2009, compared to 1.15 to 2.32 in Tol CAIRO2 2008). We therefore considered there to be enough evidence to downgrade this outcome for inconsistency.
9We noted significant heterogeneity in this analysis (I2 = 64%). Furthermore, two studies have 95% confidence intervals that do not overlap (Tol CAIRO2 2008; Tournigand DREAM
2015). Despite clinical exploration of between-study heterogeneity by investigating trial design and patient populations, we were unable to explain the bulk of the heterogeneity
observed. We therefore considered there to be enough evidence to downgrade this outcome for inconsistency.
10There were fewer than 300 events in total for this outcome (120 + 121 = 241). In addition, the 95% confidence interval of the eHect estimate (0.73 to 1.29) crosses the point of
no benefit (1), significant harm (1.25), as well as significant benefit (0.75). We therefore considered there to be enough evidence to downgrade this outcome for imprecision.
11Estimated from Hecht PACCE 2009 and Tol CAIRO2 2008.
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Description of the condition

Bowel (colorectal) cancer is the third most common cancer
worldwide. The International Agency for Research on Cancer
estimated a crude colorectal cancer incidence rate of 1,361,000
in 2012 (with 694,000 deaths), with 55% of cases occurring
in high-income countries (Ferlay 2015). Although improvements
in treatment, particularly over the last 10 years, have brought
significant improvements in survival, metastatic colorectal cancer
(mCRC) remains a major cause of morbidity and mortality.

The prognosis of untreated patients with mCRC is historically three
to six months. Development of various chemotherapy agents such
as 5-fluorouracil with folinic acid, irinotecan, and oxaliplatin, used
either concurrently or sequentially, increased median survival to
around 20 months (Grothey 2004). The addition of new targeted
therapies have provided more lines of treatment, extending median
survival to around 30 months and increasing the proportion of
patients who are able to proceed to curative metastatectomy
(Heinemann FIRE-3 2014), which may improve overall survival and
even potentially result in long-term cure.

Chemotherapy acts on rapidly dividing cells to block DNA
replication by a variety of mechanisms, but this eHect is not specific
to cancer cells, and hence chemotherapy is oSen associated with
toxicity to normal tissues. In an attempt to focus treatment eHects
to cancer cells, the last 15 years have seen a major eHort to develop
'targeted', or biological therapies. These agents work by influencing
specific cellular pathways that drive tumour growth. The main
classes of targeted agents are monoclonal antibodies, which bind
membrane growth factor receptors or their ligands (the proteins
that bind to receptors), and small molecules (including tyrosine
kinase inhibitors), which cross the cell membrane and interact with
intracellular components in order to decrease processes related to
cell growth or survival.

Description of the intervention

The epidermal growth factor receptor family

The epidermal growth factor receptor (EGFR) or ErbB family of
receptors are cell surface receptors with tyrosine kinase activity.
The family comprises of four related receptors: EGFR1 (also called
EGFR, erbB1, or HER1), ErbB2 (HER2/neu), ErbB3 (HER3), and
ErbB4 (HER4). They possess an extracellular ligand binding domain,
a transmembrane domain, and an intracellular protein tyrosine
kinase component and are overexpressed in many primary cancers.
EGFR is an essential pathway in cellular growth and diHerentiation,
with the absence of EGFR aHecting development of multiple organs
including the epidermis, lung, and intestine in knockout mice. It is
activated by ligands such as epidermal growth factor, transforming
growth factor-a, amphiregulin, heparin-binding epidermal growth
factor, and betacellulin (Herbst 2004). Ligand binding results in
dimerisation of the EGFR and activation of the intrinsic tyrosine
kinase domain via autophosphorylation. (Citri 2006; Normanno
2006). Ultimately, EGFR signalling has positive downstream eHects
in promoting cell proliferation and increasing cell survival.
Expression or upregulation of the EGFR gene occurs in up to 80% of
colorectal cancers (Messa 1998; Salomon 1995), and is associated
with metastatic risk (Mayer 1993). Inhibition of the EGFR signalling
pathway should therefore result in interruption of this pathway and
ultimately reduced cellular proliferation.

Epidermal growth factor receptor inhibitors

EGFR activation can be blocked with either monoclonal antibodies
or tyrosine kinase inhibitors.

EGFR monoclonal antibodies (MAb)

Monoclonal antibodies have been extensively investigated in
mCRC, and both cetuximab and panitumumab have entered
routine clinical use. Cetuximab is a chimeric (IgG1) monoclonal
antibody (MAb). It binds to the extracelullar domain of EGFR
and therefore blocks endogenous ligand binding, which would
normally have positive downstream eHects on growth. It may
also have immune-mediated antitumour eHects such as antibody-
dependent cell-mediated cyotoxicity (Mendelsohn 2000). It is given
as a weekly or biweekly intravenous infusion following an initial
loading dose, and received US Food and Drug Administration
approval for the treatment of metastatic colorectal cancer aSer
it was shown to improve survival and reverse chemoresistance in
refractory mCRC when given with irinotecan in a pivotal phase II
trial. (Cunningham 2004) As well as improving survival, cetuximab
maintains quality of life in mCRC patients (Jonker 2007).

Panitumumab is a humanised (IgG2) anti-EGFR antibody which
again binds to the extracellular domain of EGFR, disrupting ligand-
mediated growth signalling. It has been shown to result in clinical
benefit both when added to chemotherapy and as monotherapy
in mCRC in various clinical settings (Amado 2008; Douillard PRIME
2010).

The most common adverse events observed in trials of these
EGFR monoclonal antibodies are skin toxicity, infusion reactions,
hypomagnesemia, fatigue, abdominal pain, nausea, and diarrhoea.
Serious but rare adverse events observed with these agents include
pulmonary fibrosis, severe skin toxicity complicated by sepsis, and
anaphylaxis or infusion reactions.

EGFR tyrosine kinase inhibitors (TKIs)

Tyrosine kinase inhibitors are small molecules derived from
quinazolines that cross the cell membrane and block the
intracellular tyrosine kinase domain of various receptors (e.g. EGFR,
Erb2, and VEGFR). Erlotinib is a specific inhibitor of EGFR (but not
other ERBb subtypes) which results in blocking of ligand-induced
EGFR receptor phosphorylation. Gefitinib inhibits EGFR in the same
manner but also appears to target other pathways such as ERK 1/2
phosphorylation in mesothelioma cell lines (Favoni 2010). These
drugs have been highly eHective in other tumour types, particularly
lung cancer harbouring mutations in the EGFR gene (Mok 2009).
Consequently, there has been great interest in determining the
eHicacy of EGFR TKIs in mCRC.

How the intervention might work

As highlighted above, EGFR has a critical role in cell proliferation.
Inhibition of EGFR function (either by targeting its extracellular
or intracellular domains) should therefore decrease the amount
of pro-growth signalling, thus inhibiting cell growth and other
downstream eHects. EGFR inhibitors should decrease growth
of colorectal cancers and may improve the eHicacy of any
chemotherapy with which it is partnered. However, there were
some early setbacks in trials of EGFR inhibitors. The presence of an
EGFR mutation in lung cancer is strongly linked to the eHicacy of
EGFR inhibition. This correlation was not detected in CRC, and trials
showed relatively less overall patient benefit in CRC compared to

Epidermal growth factor receptor (EGFR) inhibitors for metastatic colorectal cancer (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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lung cancer. This led to the search for another predictive biomarker
and ultimately to the identification initially of KRAS, then NRAS and
Harvey rat sarcoma viral oncogene homolog (HRAS) as genes that
may aHect the eHicacy of EGFR MAbs.

The role of the RAS family (KRAS, NRAS, and HRAS) in the EGFR
pathway and therapeutic implications

The RAS family of proto-oncogenes - KRAS, NRAS and HRAS -
encode small GTPase proteins which form an essential part of the
RAS pathway, and are located downstream to EGFR. As a result,
constitutively activating mutations of RAS would render the tumour
cell immune to the eHects of EGFR inhibition. Initially, expression
of EGFR on cell surface as measured by immunohistochemistry was
thought to be a marker of ability to respond to cetuximab in CRC,
but no significant correlation was ultimately demonstrated (Chung
2005; Scartozzi 2004). The identification of the initial predictive
biomarker for EGFR MAb came aSer analysis of responding
participants in the large CO.17 trial of cetuximab versus best
supportive care (Karapetis CO17 2008). Participants with KRAS
exon 2 (codon 12 and 13) wild-type genotypes demonstrated
significantly increased benefit from EGFR inhibition compared to
the KRAS unselected population; in contrast, there was minimal
evidence of benefit in participants in whom a KRAS mutation was
present.

KRAS mutations lead to constitutively active signal transduction
and have been associated with increased risk of recurrence
(Andreyev 1998), more rapid disease progression (Di Fiore 2007),
and inferior survival (Lievre 2006). Activating mutations have been
detected in 30% to 50% of mCRC (Amado 2008; Di Fiore 2007),
and there is now broad evidence that such KRAS mutations can
predict resistance to EGFR-targeted antibodies (Bokemeyer OPUS
2009; Karapetis CO17 2008; Van Cutsem CRYSTAL 2009).

Although NRAS is found less frequently in CRC, any mutations in
this gene may also result in activation of the RAS pathway with
inherent resistance to EGFR inhibition for the same reasons as
KRAS. More recently, retrospective analysis of multiple trials using
extended RAS testing (KRAS exons 3 and 4 and NRAS exons 2 to
4) have shown that patients with extended RAS mutations (i.e.
mutations not just in KRAS exon 2 but in the new areas tested) do
not benefit from EGFR inhibition (Bokemeyer OPUS 2009; Douillard
PRIME 2010). Extended RAS testing can therefore define a narrower
patient population in whom EGFR inhibition is projected to have
increased eHect.

HRAS is upregulated in malignant CRC cells (Feng 2001), but
HRAS mutations are rarely found in CRC; its utility as a predictive
biomarker for EGFR MAb has not been formally tested to date.

Combining EGFR MAb with anti-angiogenic agents (MAbs and
TKIs)

Angiogenesis plays a vital role in tumour development, growth,
progression, and metastatic potential. The 'angiogenic switch'
describes the transition from pre-malignant non-vascular stage

(when tumours can grow to around 2 to 3 mm3 but cannot form
new blood vessels) into a frank malignancy capable of forming new
tumour vasculature and metastasising. The vascular endothelial
growth factor (VEGF) family are the principal pro-angiogenic factors
which are ligands for the VEGF receptors (VEGFR). Similar to EGFR
inhibitors, anti-angiogenic agents can be divided into monoclonal
antibodies (bevacizumab, which targets circulating VEGF-A) and

tyrosine kinase inhibitors (such as sunitinib and sorafenib, which
have multiple targets, but include VEGFR amongst those targets).

Bevacizumab is known to have activity in CRC, but only when
combined with chemotherapy (Giantonio 2007; Hurwitz 2005).
Since it was established that EGFR stimulation leads to downstream
increased VEGF production, combining the blockade of both these
pathways was thought to be a promising strategy that could
improve antitumour eHects of targeted antibodies (van Cruijsen
2005). Anti-angiogenic TKIs such as sunitinib and sorafenib have
not been shown to have a similar eHect in mCRC, and consequently
there has been less interest in their potential role in combination
therapies.

The use of EGFR TKI

The molecular basis of action of EGFR antibodies and EGFR TKIs
seemed complementary, so that it was logical to compare the
eHectiveness of these treatment modalities, or even to investigate
a combination of both. As with all palliative cancer treatments,
there were concerns about additive and excessive toxicity when
combining diHerent therapies with overlapping toxicity, even if
increased eHicacy was demonstrated.

Why it is important to do this review

Despite multiple positive trials, clinical trials investigating EGFR
inhibitors vary widely in clinical context: monotherapy versus
combination with chemotherapy, monoclonal antibodies or
tyrosine kinase inhibitors, and in unselected, partially selected,
or highly biomarker-defined patient populations. The purpose of
this review was to find, organise, and summarise randomised
controlled trial evidence for the use of epidermal growth factor
receptor inhibitors in the treatment of metastatic colorectal cancer,
and to define the contexts in which EGFR inhibitor use improves
clinical outcomes.

O B J E C T I V E S

To determine the eHicacy, safety profile, and potential harms
of EGFR inhibitors in the treatment of people with metastatic
colorectal cancer when given alone, in combination with
chemotherapy, or with other biological agents.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered randomised controlled trials on people with
metastatic colorectal cancer evaluating EGFR inhibitors. These
were usally given in combination with 'standard therapy' - whether
chemotherapy or best supportive care, depending on clinical
context. Participants had to have unresectable disease at the time
of enrolment, and trials enrolling participants with resectable
metastatic disease upfront were not eligible for inclusion. The
intention to evaluate the participant for potential surgery at
some stage aSer commencement of therapy (assuming they were
not clearly eligible for surgery at enrolment) did not render a
study ineligible. The study protocol was previously published as
Herbertson 2009.

Studies were categorised by:
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1. drug class (EGFR MAb versus EGFR TKI versus other);

2. clinical setting: line of therapy (first, second, or third);

3. therapy partner used in the trial as the comparator arm, whether
chemotherapy or the combination of chemotherapy and anti-
angiogenic therapy (e.g. bevacizumab).

Eligible studies were to evaluate the following.

• EGFR MAb
* first-line treatment with chemotherapy and an EGFR inhibitor

compared to chemotherapy alone;

* second-line treatment with chemotherapy and an EGFR
inhibitor compared to chemotherapy alone;

* third-line treatment (> 2 prior chemotherapy regimens) with
an EGFR inhibitor alone compared to best supportive care.

• EGFR TKI
* treatment with chemotherapy and EGFR TKI compared to

chemotherapy alone;

* treatment with EGFR TKI compared to best supportive care.

• DiHerent EGFR inhibitor regimens
* treatment with one EGFR inhibitor compared to treatment

with another EGFR inhibitor;

* treatment with one regimen of an EGFR inhibitor compared
to treatment with another regimen of the same EGFR
inhibitor.

• EGFR inhibitors in combination with chemotherapy and anti-
angiogenic agents
* treatment with chemotherapy and anti-angiogenic agent

compared to chemotherapy and EGFR inhibitor;

* treatment with chemotherapy and anti-angiogenic agent
compared to treatment with chemotherapy, anti-angiogenic
agent, and EGFR inhibitor.

We did not exclude cross-over studies, but we did not include these
in the analysis of overall survival, as any analysis of overall survival
would be hindered by all participants receiving EGFR inhibitors.
Cluster randomised controlled trials were theoretically eligible
for inclusion, but we considered such trials as unlikely to exist
(based on ethical considerations and the review authors' clinical
experience).

Types of participants

People with a histological diagnosis of colorectal carcinoma
and confirmed evidence of unresectable, metastatic disease.
Histological confirmation could either come from the primary
site (including resection or biopsy prior to the development of
metastatic disease) or a site of metastasis.

Types of interventions

Intravenous or oral EGFR inhibitors administered alone or in
combination with chemotherapy or other anti-angiogenic agents
(or a combination of these treatment modalities). This includes
EGFR MAb and EGFR TKI. Trials with placebo groups and trials with
open control groups (no treatment or best supportive care controls)
were eligible.

We defined anti-angiogenic agents as any targeted agent (MAb
or TKI) that included VEGFR as one of its targets. Bevacizumab,
sorafenib, and sunitinib would therefore be included in this
description, but other drugs could potentially be included as well.

Types of outcome measures

Primary outcomes

The primary endpoint was progression-free survival, defined by
time from trial enrolment to a composite of disease progression
(as measured by Response Evaluation Criteria in Solid Tumours
(RECIST) criteria) and death. RECIST criteria define whether a
tumour is measurable on baseline imaging and require the
selection of "target lesions" – index lesions for measuring disease
and monitoring response. (Eisenhauer 2009). For people with
RECIST measurable disease, tumour measurements on repeat
imaging are separated into four categories: complete response
(disappearance of all target lesions), partial response (decrease in
sum of diameters of target lesions by at least 30%), progressive
disease (increase in sum of diameters of target lesions by at least
20%, or appearance of a new lesion), or stable disease (none of the
above). We noted discrepancies from RECIST criteria qualitatively.

Secondary outcomes

1. Overall survival, defined as the time from trial enrolment to
death of any cause. We elected to use this measure rather than
overall survival at predefined time periods (such as three or
five years), as these figures are variably reported in metastatic
colorectal trials (largely due to the guarded prognosis in the
overall cohort). Furthermore, hazard ratios (which are used to
measure overall survival) represent a summary of the diHerence
in risk of death over the time of measurement, rather than being
a point estimate.

2. Tumour response rate, as defined by each study. We elected
to collect data according to RECIST criteria, as this is standard
practice in most clinical trials. Tumour response rate is defined
per clinical convention as the percentage of patients who
achieve either a complete response or partial response on
follow-up imaging.

3. Toxicity/adverse events, as defined and graded by the Common
Terminology Criteria for Adverse Events (CTCAE) guidelines
(NIH 2010). These guidelines provide objective criteria to grade
common adverse events from grade 1 (mild eHects, oSen
asymptomatic or minimally symptomatic) to grade 5 (death
related to adverse event). We elected to measure the incidence
of grade 3 to 4 toxicity overall (where available), rash, diarrhoea,
and neutropenia, as these are known side eHects of EGFR MAb
(in the intervention arm) and chemotherapy (in either arm).

4. Quality of life, using validated tools. Recognising that there
is no consensus on the optimal quality of life instrument in
mCRC, we included all previously published quality of life scales
and subscales; however, we specifically sought information
with regard to the EORTC QLQ-C30, EuroQol EQ-5D, FACT-
C questionnaires, and the Dermatology Life Quality Index
(as treatment with EGFR MAb is associated with significant
incidence of rash). We were interested in the global scales as
well as physical/emotional functioning (because of the potential
psychological eHect of rash in addition to the known physical
adverse events).

Search methods for identification of studies

Electronic searches

We conducted a comprehensive literature search to identify all
published and unpublished randomised controlled trials with no
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language or date of publication restrictions. We searched the
following electronic databases on 9 September 2016:

• Cochrane Central Register of Controlled Trials (CENTRAL) (the
Cochrane Library, Issue 9, 2016) (Appendix 1);

• Ovid MEDLINE (from 1950) (Appendix 2); and

• Ovid Embase (from 1974) (Appendix 3).

We applied a sensitivity- and precision-maximising search filter to
the MEDLINE search strategy as recommended in Section 6.4.11
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011).

We also searched ClinicalTrials.gov (clinicaltrials.gov/) and the
World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP) (www.who.int/ictrp/en/) for ongoing trials
on 14 March 2017 (Appendix 4).

Searching other resources

We performed handsearches for meeting proceedings of major
conferences (European Society for Medical Oncology (ESMO),
American Society of Clinical Oncology (ASCO), and ASCO GI) from
2012 to March 2016 on 14-15 January 2016 to identify any additional
relevant trials.

Data collection and analysis

Selection of studies

Two review authors (DC, RW) independently assessed abstracts
and (in cases of uncertainty) full-text articles of potentially eligible
studies in a blinded fashion. We included all eligible trials
irrespective of whether measured outcome data were reported on.
We determined eligibility based on the above criteria, resolving any
disagreements by consensus with a third review author (ES).

Data extraction and management

Two review authors (DC, RW) independently extracted data from
the reports of included studies, resolving any discrepancies via
consensus. Data were collected in duplicate in piloted forms and
stored on an online repository.

Data collected included the following.

• Participant demographics and characteristics (such as gender,
median age, and performance status)

• Intervention: drug name, method of administration and dose,
schedule of administration

• Comparator: full treatment in comparator arm

• Median follow-up

• Information regarding funding sources and potential conflicts of
interest

Outcomes:

• Progression-free survival: hazard ratio with 95% confidence
interval and P values. Observed number of events.

• Overall survival: hazard ratio with 95% confidence interval and
P values. Observed number of events.

• Tumour response rates: complete response (incidence over total
number evaluated) and partial response (incidence over total

number evaluated) in both experimental and control arms, odds
ratio with 95% confidence interval.

• Toxicity: incidence of grade 3/4/5 toxicity (as noted above) in
both arms, odds ratio with 95% confidence interval.

• Quality of life.

• Above outcomes by subgroups: KRAS exon 2 wild type, KRAS
exon 2 mutant, extended RAS wild type, extended RAS mutant
(for trials investigating EGFR MAb).

Where data from the same trial were presented in multiple
publications, we extracted all of the information and reported
this as a single trial whilst listing the other publications in the
references.

Regarding statistical extraction, we extracted overall survival and
progression-free survival from the text of publications, conference
posters, and abstracts, as well as figure legends. We obtained
overall response rate and toxicity from publications and posters
as above, with rates of toxicity reported in percentage form only
converted to numerators by taking the denominator as the total
number evaluated for safety and rounding the resultant conversion
to the nearest integer. Santoro 2008 contained Kaplan-Meier curves
but no reports of hazard ratios/confidence intervals; we converted
this to a hazard ratio with 95% confidence interval according to the
methods outlined by Parmar 1998.

Assessment of risk of bias in included studies

Two review authors (DC, RW), independently and in a blinded
fashion (to authors, journal, drug company, institutions, and
results), evaluated the methods sections of included studies for
quality. We used the Cochrane 'Risk of bias' tool to assess the risk of
bias of included trials (Higgins 2011), using the following domains:

• random sequence generation;

• allocation concealment;

• blinding of participants and personnel;

• blinding of outcome assessment;

• incomplete outcome data;

• selective reporting bias; and

• other bias (baseline imbalance, significant protocol deviations,
inappropriate influence of funders).

We judged each domain in each study as low risk of bias, high
risk of bias, or unclear risk of bias according to Chapter 8 of
the Cochrane Handbook for Systematic Reviews of Interventions
(see Appendix 5) (Higgins 2011), referring further to trial
protocols in ClinicalTrials.gov where relevant for additional details.
Disagreements were resolved by consensus with a third review
author (ES). We then summarised the risk of bias for an outcome
across studies according to the Cochrane 'Risk of bias' tool (Higgins
2011).

We presented 'Summary of findings' tables, grading each outcome
according to the GRADE approach.

Measures of treatment e>ect

We adopted the following measures for the respective treatment
eHect.

• Overall survival: hazard ratio, with 95% confidence interval
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• Progression-free survival: hazard ratio, with 95% confidence
interval

• Tumour response rates: mean diHerences (in percentage) as well
as odds ratio with 95% confidence intervals

• Toxicity: mean diHerences (in percentage) as well as odds ratio
with 95% confidence intervals

We deemed a P value of less than 0.05 as significant.

Unit of analysis issues

The unit of analysis was the individual participant. The only unit of
analysis issues we encountered were from trials that had multiple
intervention arms. Where possible, we utilised the summary hazard
ratio (from a comparison of the combined arms versus the placebo
arm) for meta-analysis. If this was not available, we combined the
hazard ratios reported for separate groups using random-eHects
meta-analysis to create one summary hazard ratio.

While we considered cluster randomised trials and cross-over trial
designs to be unlikely for trials of this therapy, they were technically
eligible for inclusion. If these trials were present, we planned to
seek specialised statistical advice for incorporating them into the
review, however none were identified during the literature search
(see below).

Dealing with missing data

Regarding trials with incompletely reported outcomes (including
subgroup analyses that may have been performed but not
reported), one review author (DC) contacted the lead authors of the
study via email to request further information. This was successful
in a minority of cases; we have detailed additional information from
answered requests in the relevant sections in the Results.

Regarding missing individuals from studies, we have based
analyses on the intention-to-treat principle to the degree permitted
by published data for relevant outcome measures. For studies
with dropout rates exceeding 5%, we performed best-case/worst-
case sensitivity analyses for binary outcomes (response rate and
toxicity).

Assessment of heterogeneity

We assessed clinical and methodological heterogeneity in each
trial and across trials combined in meta-analysis. Where the
clinical diHerence between interventions tested or populations was
suHiciently great to prevent meaningful synthesis, we separated
the studies in terms of analysis and presented the results
individually.

We defined heterogeneity as per Section 9.5.2 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
Where heterogeneity was present, we explored and commented on
it as follows:

• 0% to 40%: might not be important;

• 30% to 60%: may represent moderate heterogeneity*;

• 50% to 90%: may represent substantial heterogeneity*;

• 75% to 100%: considerable heterogeneity*.

*The importance of the observed value of I2 depends on (i)
magnitude and direction of eHects and (ii) strength of evidence

for heterogeneity (e.g. P value from the Chi2 test, or a confidence

interval for I2).

Assessment of reporting biases

We investigated publication bias by visual assessment of funnel
plots for the primary outcome if more than 10 studies were
included.

Data synthesis

For the outcome measures of progression-free survival and
overall survival, we reported hazard ratios (HR) calculated with
95% confidence intervals (CI). We performed pooled analyses
for these measures using the generic inverse-variance method
and random-eHects modelling in order to obtain a summary
hazard ratio with 95% CI. We estimated the hazard ratios in the
studies using a proportional hazards model. We opted to use this
method because most trials reported data for overall survival and
progression-free survival as hazard ratios (with a Cox proportional
hazards model) without reporting the standard deviation for
each arm. In addition, the distribution of survival in each arm
was not necessarily normally distributed. Consequently, we could
not perform standard methods of meta-analysis for continuous
measures.

For dichotomous or categorical outcomes (tumour response rate,
rates of toxicity), we reported the number of events compared
to the total number of participants for each trial. We performed
pooled analyses for these measures using the Mantel-Haenszel
method and random-eHects modelling with calculation of odds
ratios and 95% CI. We opted for this approach as the number
of observed events may be low both in response rate (e.g. with
the use of EGFR MAb as monotherapy) and rates of toxicity (e.g.
neutropenia with EGFR MAb monotherapy). In these situations,
generic inverse-variance methodology may give poor estimates
of standard errors, and is not recommended by Cochrane (Deeks
2011). Whilst we considered the Peto odds ratio method as an
alternative, it does not perform well in cases of large diHerences
in eHicacy (e.g. rash and diarrhoea with EGFR MAb) and common
events (Deeks 2011). We therefore gave preference to Mantel-
Haenszel analysis for all dichotomous outcomes rather than
attempting to prespecify diHerent analysis methods for diHerent
outcomes.

Subgroup analysis and investigation of heterogeneity

We had planned to conduct the following subgroup analyses for
measures of EGFR expression:

• presence of KRAS mutations (given the marked correlation
between KRAS mutations and lack of response to EGFR inhibitor
therapy as first demonstrated in Karapetis CO17 2008);

• presence of B-Raf proto-oncogene, serine/threonine kinase
(BRAF) mutations (as BRAF and RAS mutations are mutually
exclusive as demonstrated in Rajagopalan 2002);

• known patient-related prognostic factors such as age;

• performance status;

• number of organs involved with metastatic disease; and

• the presence and grade of skin toxicity (as early trials such
as Douillard PRIME 2010 and Peeters 2010 showed a potential
correlation between skin toxicity and response).
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However, many preplanned subgroup analyses were not possible
because not all studies presented suHicient data to be stratified by
these subgroups. In addition, some preplanned subgroups defined
in the protocol have become less relevant with the increasing use
of biomarkers (e.g. the presence of skin toxicity as a surrogate for
eHicacy) to define eligibility for EGFR inhibitor trials (see DiHerences
between protocol and review). In the formal analysis, we thus
included only the preplanned subgroups of KRAS exon 2 mutations
(whether absent or present) and extended RAS mutations (whether
absent or present).

With regard to subgroup analysis by RAS mutation status,
we deemed all methods of RAS ascertainment (whether pyro-
sequencing, next-generation sequencing, or Sanger sequencing) to
be acceptable. There was no a priori barrier in terms of the rate of
RAS status ascertainment in a patient population for eligibility.

We also performed preplanned subgroup analyses by line of
therapy, that is first-, second-, or third-line and beyond, for EGFR
MAb studies.

Sensitivity analysis

We conducted sensitivity analyses to investigate the impact of
excluding trials at high risk of bias from top-level analyses.
We also conducted sensitivity analyses where investigations for
heterogeneity had identified one study as being the likely sole
cause of heterogeneity to see whether the reported result in pooled
analysis was changed.

Summary of findings

We evaluated the quality of the evidence using the GRADE approach
into the following four levels (Schünemann 2009).

1. High: Further research is very unlikely to change our confidence
in the estimate of eHect.

2. Moderate: Further research is likely to have an impact on
our confidence in the estimate of eHect and may change the
estimate.

3. Low: Further research is very likely to have an important impact
on our confidence on the estimate of eHect and is likely to
change the eHect estimate.

4. Very low: Any estimate of eHect is very uncertain.

We have presented the quality of the evidence in 'Summary of
findings' tables. The quality of the evidence can be downgraded
by one (serious concern) or two levels (very serious concern) for
the following reasons: risk of bias, inconsistency (unexplained
heterogeneity, inconsistency of results), indirectness (indirect
population, intervention, control, or outcomes) and imprecision
(wide confidence intervals, single trial). The quality of the evidence
can also be upgraded by one level due to a large summary eHect.

We applied the GRADE approach for all outcomes, including
relevant subgroups and sensitivity analyses.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies; Characteristics of ongoing studies.

Results of the search

We identified 2178 references in the initial search and 1584
aSer de-duplication, of which we selected 120 reports for further
evaluation (Figure 1). We assessed these 120 full-text articles
for eligibility and excluded 10, leaving 110 articles. Combining
these 110 articles with 105 eligible records (including some trial
records) found in the handsearch, with one trial record excluded,
resulted in 224 abstracts or articles (67 trials) eligible for inclusion.
Of these, 28 were ongoing studies and 6 studies are awaiting
classification. Therefore, 151 articles of 33 studies were included in
the quantitative synthesis (meta-analysis).
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Figure 1.   Study flow diagram.

 
Included studies

Altogether, we included 33 studies investigating 15,025 participants
in this meta-analysis (see Characteristics of included studies; Figure
1). We categorised the included studies as follows in order to
facilitate analysis.

1. Twelve studies examined the eHect of adding EGFR MAbs to
either chemotherapy (10 studies) or best supportive care (2
studies) on progression-free survival (PFS) in the KRAS exon 2
wild-type (WT) setting. Ten studies compared the combination
of EGFR MAb and chemotherapy (8 with cetuximab, 2 with
panitumumab) to the same chemotherapy alone with KRAS
status available. (Adams COIN 2011; Bokemeyer OPUS 2009;
Ciardiello CAPRI-GOIM 2016; Douillard PRIME 2010; Passardi
ITACA 2015; Peeters 2010; Seymour PICCOLO 2013; Tveit NORDIC
VII 2012; Van Cutsem CRYSTAL 2009; Ye 2013). Two studies
(one with cetuximab and one with panitumumab) examined the
eHect of EGFR MAb as monotherapy (Amado 2008; Karapetis
CO17 2008). In total, 7948 participants were enrolled and KRAS
status was assessable in 6969 participants: 4402 were KRAS exon
2 WT and 2567 were KRAS exon 2 mutant (MT).

2. Three studies examined the eHect of adding EGFR MAb to
chemotherapy in the KRAS unselected setting; this involved 1483
KRAS unselected participants (Borner 2008; PolikoH EXPLORE
2005; Sobrero EPIC 2008).

3. One study involving 42 participants solely examined the eHect of
adding EGFR MAb to chemotherapy in the KRAS mutant setting

(Siena 2013); we considered this trial in combination with the
KRAS mutant cohorts of the studies in 1).

4. Four studies examined the eHect of adding EGFR MAb to
chemotherapy on progression-free survival compared to adding
another (non-EGFR) biological agent to chemotherapy in 2189
KRAS exon 2 WT participants. All trials used bevacizumab
as the second biological agent, which permitted its use as
the comparator. All four trials compared the combination of
chemotherapy with EGFR MAb to the combination of the same
chemotherapy with bevacizumab. The chemotherapy backbone
was an investigator's choice of mFOLFOX6 or FOLFIRI in Venook
CALGB 80405 2014; FOLFIRI in Hecht SPIRITT 2015; mFOLFOX6
in Schwartzberg PEAK 2014; and FOLFIRI in Heinemann FIRE-3
2014. (these, as well as subsequent chemotherapy regimens, are
briefly explained in Appendix 6).

5. Six studies examined the eHect of using one EGFR inhibitor
(whether MAb or TKI) compared to another EGFR inhibitor
in 1708 participants. Imgatuzumab (GA201) was compared
to cetuximab in KRAS exon 2 WT participants, with FOLFIRI
being the chemotherapy backbone (Bridgewater GAIN-C 2015).
Afatinib was compared to cetuximab in KRAS exon 2 WT
participants in the second trial, both of which were given as
monotherapy (Hickish 2014). Brodowicz 2013 compared two
diHerent regimens of cetuximab in combination with first-line
FOLFOX chemotherapy. Ma 2013 compared the combination of
continuous erlotinib and CAPOX chemotherapy to intermittent
erlotinib with CAPOX therapy. Price ASPECCT 2014 compared
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cetuximab and panitumumab as monotherapies. Finally, Wasan
COIN-B 2014 compared a strategy of intermittent mFOLFOX6
with cetuximab (with mFOLFOX6 with cetuximab ceased
aSer 12 weeks, and assuming stable disease or better with
initial treatment, re-introduction of the same treatment on
progression) with the same strategy of intermittent mFOLFOX6
with cetuximab, but with maintenance cetuximab in between
these treatments.

6. Two studies examined the eHect of adding EGFR TKI
to chemotherapy on progression-free survival in the
KRAS unselected setting in 195 participants. Santoro 2008
investigated gefitinib with initiation of FOLFIRI chemotherapy,
which was continued until progression. Vincent 2011 studied
erlotinib plus capecitabine in people unsuitable for usual first-
line combination chemotherapy.

7. Six studies examined the eHect of adding EGFR inhibitor
(whether MAb or TKI) to a combination of chemotherapy and
anti-angiogenic agent on progression-free survival compared
to chemotherapy and anti-angiogenic agent only in 1571
participants. (Hagman ACT2 2014; Hecht PACCE 2009; Johnsson
Nordic ACT 2013; Passardi ITACA 2015; Tol CAIRO2 2008;
Tournigand DREAM 2015). Two studies investigated EGFR TKI
(erlotinib in Hagman ACT2 2014 and gefitinib in Tournigand
DREAM 2015) added to bevacizumab in the maintenance setting
commenced aSer stable disease or better with bevacizumab-
containing induction chemotherapy. The other three studies
investigated EGFR MAb (panitumumab in Hecht PACCE 2009
and cetuximab in Passardi ITACA 2015 and Tol CAIRO2 2008)
commenced at the start of first-line chemotherapy together with
bevacizumab in both arms. We note that Passardi ITACA 2015
was also mentioned in section 1) above.

The follow-up period for included studies ranged from 9.5 to 44
months.

We identified 28 ongoing studies from searches in ClinicalTrials.gov
and the WHO International Clinical Trials Registry Platform
database (ICTRP). One of these studies, Ashwin 2014, has reported
results in abstract form. However, as the statistics reported
were suHiciently inconsistent as to prevent data extraction and

incorporation into meta-analysis at this point, we characterised it
as an ongoing study.

See Characteristics of ongoing studies.

Excluded studies

See Characteristics of excluded studies.

We excluded Cunningham BOND 2004 from the meta-analysis
as this randomised controlled trial (RCT) compared participants
receiving a combination with cetuximab and irinotecan with those
receiving cetuximab alone. As cetuximab was given at the same
dose in both arms, the study design did not allow assessment
of EGFR MAb eHicacy. Similarly, we excluded Saltz BOND2 2007,
which compared the combination of cetuximab, bevacizumab, and
irinotecan to cetuximab and bevacizumab alone, meaning that
assessment of EGFR MAb eHicacy was not feasible.

We excluded Primrose NEW EPOC 2014 because enrolment was
specifically restricted to people with resectable disease, and
subsequent outcome was influenced by multiple factors that could
not be accounted for.

We excluded Personeni 2013 because the study was initially
designed as a randomised study but was subsequently amended to
be a single-arm study.

Liu 2015 compared the combination of FOLFIRI, bevacizumab, and
panitumumab to FOLFIRI alone in people with KRAS mutant mCRC.
We excluded this study because measures of treatment eHect
would incorporate use of both bevacizumab and panitumumab,
thus making discernment of the contribution of EGFR MAb
impractical.

NCT00950820 planned to compare the combination of CAPOX and
panitumumab with CAPOX alone in people with KRAS unselected
mCRC. This study was terminated aSer only nine participants
were accrued, with no published results; we thus excluded it from
analysis.

Risk of bias in included studies

See Characteristics of included studies; Figure 2.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 2.   (Continued)

 
We assessed the included studies for risk of bias based on the
domains listed in the Cochrane 'Risk of bias' tool (Appendix 5). ASer
this assessment, we summarised the risk of bias for each outcome
across the relevant studies.

Allocation

On the whole, the process of allocation was poorly described by
trials, making accurate assessment of selection bias diHicult.

Thirteen trials described random sequence generation or
allocation concealment procedures, or both in suHicient detail
to merit an assessment of low risk of bias (Adams COIN 2011;
Bokemeyer OPUS 2009; Brodowicz 2013; Ciardiello CAPRI-GOIM
2016; Heinemann FIRE-3 2014; Karapetis CO17 2008; Ma 2013;
Price ASPECCT 2014; Schwartzberg PEAK 2014; Tol CAIRO2 2008;
Tournigand DREAM 2015; Van Cutsem CRYSTAL 2009; Venook
CALGB 80405 2014).

Given that the remaining 20 trials reported this insuHiciently,
we obtained trial protocols where possible and looked for
imbalanced baseline characteristics as a surrogate for well-
performed randomisation and allocation concealment. Treatment
groups were well balanced in 22 studies (Adams COIN 2011;
Amado 2008; Bokemeyer OPUS 2009; Borner 2008; Bridgewater
GAIN-C 2015; Hecht PACCE 2009; Heinemann FIRE-3 2014; Hickish
2014; Johnsson Nordic ACT 2013; Karapetis CO17 2008; Peeters
2010; Price ASPECCT 2014; Santoro 2008; Schwartzberg PEAK
2014; Seymour PICCOLO 2013; Siena 2013; Sobrero EPIC 2008;
Tournigand DREAM 2015; Tveit NORDIC VII 2012; Van Cutsem
CRYSTAL 2009; Venook CALGB 80405 2014; Ye 2013).

We were unable to assess balancing in four studies (Hecht SPIRITT
2015; Passardi ITACA 2015; PolikoH EXPLORE 2005; Vincent 2011), as
results were only available in abstract form without discussion of
baseline characteristics.

Imbalanced baseline characteristics were reported in the following
six studies: Brodowicz 2013 (more participants older than 65 years
and more colonic primaries in fortnightly cetuximab arm); Douillard
PRIME 2010 (more participants with elevated carcinoembryonic
antigen, elevated lactate dehydrogenase, and three or more
metastatic sites in the investigational arm of the KRAS exon
2 MT stratum); Hagman ACT2 2014 (fewer participants with
rectal primaries and fewer participants with prior adjuvant
treatment in the investigational arm); Ma 2013 (higher incidence of
prior adjuvant 5-fluorouracil-based chemotherapy in intermittent
erlotinib arm); Wasan COIN-B 2014 (higher incidence in continuous
cetuximab arm of age older than 75 years, performance status 2,
BRAF mutations, and colon primaries compared to intermittent
cetuximab arm); and Tol CAIRO2 2008 (more males in the
investigational arm). Of these, we assigned Hagman ACT2 2014
high risk due to the large numerical diHerence in percentage of
participants with rectal primaries, a known prognostic factor (19%
versus 54%).

Blinding

All 33 included studies were open-label RCTs. Outcome assessment
could therefore theoretically be aHected by investigators recording
outcomes. Given that all trials used overall survival or outcomes
related to tumour progression on imaging for their primary
outcome, we have grouped together and reported the assessment
of performance and detection bias below.
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Nine trials selected overall survival as a primary outcome (Adams
COIN 2011; Amado 2008; Karapetis CO17 2008; Peeters 2010;
PolikoH EXPLORE 2005; Price ASPECCT 2014; Seymour PICCOLO
2013; Sobrero EPIC 2008; Venook CALGB 80405 2014), which would
have a low risk of being aHected by lack of blinding. Peeters 2010
selected co-primary endpoints of overall survival (OS) and PFS. Of
these trials, three conducted blinded or central review of imaging
(Amado 2008; Peeters 2010; Seymour PICCOLO 2013), while the
others did not. We note that Seymour PICCOLO 2013 only referred
the imaging of one-third of participants (not all) for central review,
but the size of the study (460 participants) means that a significant
number of images were double-checked.

The other 24 trials utilised a primary endpoint related to tumour
response or progression: PFS in 14, tumour response rate (TRR)
in 8, and time to progression, conversion of hepatic metastases
to resectability, and failure-free survival in 1 trial each. Of these
24, 7 reported blinded assessment of progression (Bokemeyer
OPUS 2009; Borner 2008; Douillard PRIME 2010; Hecht PACCE 2009;
Hecht SPIRITT 2015; Van Cutsem CRYSTAL 2009; Venook CALGB
80405 2014), resulting in an assessment of low risk of detection
bias. Five trials have only been reported in abstract form to date
(Bridgewater GAIN-C 2015; Ciardiello CAPRI-GOIM 2016; Passardi
ITACA 2015; PolikoH EXPLORE 2005; Vincent 2011), with resultant
judgement of unclear risk of detection bias in three. Three trials
did not specify whether assessment of response was blinded;
protocols were not publicly available, and we await response from
the corresponding authors to clarify this matter (Ma 2013; Siena
2013; Tournigand DREAM 2015). The remaining nine trials reported
unblinded investigator-performed assessment of radiology for the
primary endpoint, resulting in an assessment of high risk of
detection bias (Brodowicz 2013; Hagman ACT2 2014; Heinemann
FIRE-3 2014; Hickish 2014; Johnsson Nordic ACT 2013; Santoro
2008; Schwartzberg PEAK 2014; Tol CAIRO2 2008; Tveit NORDIC VII
2012; Wasan COIN-B 2014).

Incomplete outcome data

In general, we judged the risk of attrition bias as low, being low in
22 of the 33 studies and unclear in 11 studies. Whilst several studies

did not specifically report loss to follow-up, four studies reported a
high number of completed events for the primary outcome, leading
to a judgement of low risk of attrition bias (Hagman ACT2 2014;
Johnsson Nordic ACT 2013; Peeters 2010; Tveit NORDIC VII 2012).

Selective reporting

We judged 26 studies as being at low risk of reporting bias, 6 at
unclear risk of bias, and 1 at high risk of bias. The six trials at
unclear risk of bias have only been reported in abstract form to date
(Bridgewater GAIN-C 2015; Passardi ITACA 2015; PolikoH EXPLORE
2005; Venook CALGB 80405 2014; Vincent 2011). One study has
planned quality of life measures but has not reported on them yet
(Wasan COIN-B 2014); we have contacted the author regarding this
information. One trial was terminated early and only response rate
was reported, despite initial plans to evaluate other measures such
as PFS and OS, resulting in an assessment of high risk of bias (Siena
2013).

Other potential sources of bias

In terms of funding, 15 of the 33 studies were funded by
pharmaceutical companies; 3 were funded by government
agencies; 14 were funded by a combination of both; and 1 provided
insuHicient information to determine sources of funding. Given that
all studies underwent peer review (either prior to full publication or
by the conference's scientific committee), we consider the potential
bias from funding to generally be minimal, although the need for
objective evaluation of the results presented by a study funded
by pharmaceutical companies is reinforced. Such funding in one
trial resulted in restrictions on the principal authors being able
to publish findings freely without consent of the pharmaceutical
company involved; in combination with the potential for selective
reporting noted in the above paragraph, this resulted in an
assessment of high risk of other bias for this particular study in all
endpoints (Siena 2013).

Analysis of funnel plots revealed no evidence of publication bias in
the studies investigating EGFR MAb in KRAS-assessable populations
(Figure 3; Figure 4). We were unable to comment on the other funnel
plots due to small number of studies (N <= 4).
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Figure 3.   Funnel plot of comparison: 1 EGFR-I in KRAS exon 2 WT, outcome: 1.1 Progression-free survival.
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Figure 4.   Funnel plot of comparison: 1 EGFR-I in KRAS exon 2 WT, outcome: 1.2 Overall survival.

 
Summary assessments of risk of bias across studies for each
outcome

Outcome 1.1, 1.3. Addition of EGFR MAb to standard therapy in
KRAS exon 2 WT populations - progression-free survival and tumour
response rate: unclear risk of bias

Although six studies employed blinded or central assessment of
results, and two provided insuHicient information to judge risk, four
studies relied on unblinded investigator assessment of response
(Adams COIN 2011; Karapetis CO17 2008; Tveit NORDIC VII 2012;
Ye 2013). Whilst RECIST criteria are rigorous and objective, they do
not completely mitigate the risk of measurement bias. We therefore
judged these studies as being at unclear risk of bias with regard to
PFS and TRR, resulting in an overall assessment of unclear risk of
bias.

Outcome 1.2. Addition of EGFR MAb to standard therapy in KRAS
exon 2 WT populations - overall survival: low risk of bias

When considering the risk of bias for studies with regard to overall
survival, blinding considerations are less important because the
endpoint of overall survival is less amenable to performance or
measurement bias. The lack of adequate blinding highlighted
above is therefore less relevant, and this outcome is at less risk of
bias than for PFS or TRR.

Outcome 1.4 to 1.6. Addition of EGFR MAb to standard therapy in
KRAS exon 2 WT populations - overall grade 3 to 4 toxicity, grade 3
to 4 diarrhoea, grade 3 to 4 rash: high risk of bias

Measurement of toxicity may be aHected by inadequate blinding
or open-label trials. It is even more prone to these factors,
as grading of toxicity (even with published, predefined cutoHs)
remains dependent on clinical judgement. Given that all of the
studies were open-label RCTs, and that the risk of bias cannot be
mitigated by factors such as central reporting as is possible for PFS,
we judged these outcomes to be at high risk of bias.

Outcome 1.7. Addition of EGFR MAb to standard therapy in KRAS
exon 2 WT populations - grade 3 to 4 neutropenia: low risk of bias

In comparison to the toxicities in outcomes 1.4 to 1.6, neutropenia
is defined by an objective laboratory test and so would not be
susceptible to measurement bias. With the same rationale as for
overall survival, we therefore consider this outcome to have a low
risk of bias.

Outcome 2.1, 2.3. Addition of EGFR MAb to standard therapy in
KRAS exon 2 MT populations - progression-free survival and tumour
response rate: unclear risk of bias

Although we included only seven studies in this analysis (as
compared to 12 studies in Analysis 1.1), we judged 3 of the 7 studies
as having unclear risk of bias due to the reliance on an unblinded
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investigator to review and determine PFS and TRR. We therefore
judged Analysis 2.1 as having unclear risk of bias. The removal of
Adams COIN 2011 in Analysis 2.3 did not significantly change this
fact, and hence the assessment of unclear risk of bias remained the
same.

Outcome 2.2. Addition of EGFR MAb to standard therapy in KRAS
exon 2 MT populations - overall survival: low risk of bias

As noted above for outcome 1.2, lack of blinding is less likely
to aHect assessment of overall survival, therefore, in view of the
adequate allocation concealment and low risk of attrition and
reporting bias, we judged this outcome as having low risk of bias.

Outcome 2.4-2.6. Addition of EGFR MAb to standard therapy in
KRAS exon 2 MT populations - overall grade 3 to 4 toxicity, grade 3
to 4 diarrhoea, grade 3 to 4 rash: high risk of bias

As noted above for outcomes 1.4 to 1.6, toxicity that is either
reported by the participant or assessed by the clinician is prone to
detection bias in open-label trials. As all trials were open label in
nature, we judged outcomes 2.4 to 2.6 as having high risk of bias.

Outcome 2.7. Addition of EGFR MAb to standard therapy in KRAS
exon 2 MT populations - grade 3 to 4 neutropenia: low risk of bias

As neutropenia is objectively defined, with the same reasoning as
in outcome 1.7, we considered this outcome as being at low risk of
bias.

Comparisons 3 and 4: Adding EGFR MAb to standard therapy in
extended RAS WT and MT populations

As the same studies were included in Analyses 3.1 and 4.1, 3.2 and
4.2, 3.3 and 4.3, and 3.4 and 4.4, we have therefore reported the risk
of bias for these outcomes together.

Outcome 3.1, 3.3, 4.1, 4.3. Addition of EGFR MAb to standard
therapy in extended RAS WT and MT populations - progression-free
survival, tumour response rate: low risk of bias

Of the six studies included in Analysis 3.1 (and 4.1), five employed
blinded or central review of images to determine progression-free
survival and tumour response rate. One study provided insuHicient
information for evaluation. In view of the higher proportion of
studies using these measures, we judged this outcome to have low
risk of bias. All four studies included in Analysis 3.3 (and 4.3) had
blinded or central review, resulting in outcome 3.3 also having low
risk of bias.

Outcome 3.2, 4.2. Addition of EGFR MAb to standard therapy in
extended RAS WT and MT populations - overall survival: low risk of
bias

The four studies included in these analyses were all well balanced
with low risk of selection, attrition, or reporting bias. Furthermore,
any lack of blinding would not significantly alter the measurement
of OS. We therefore judged this outcome as having low risk of bias.

Outcome 3.4 to 3.7, 4.4 to 4.7. Addition of EGFR MAb to standard
therapy in extended RAS WT and MT populations - toxicity: not
assessable

As no studies reported toxicity by extended RAS status, none
were included in these analyses and hence risk of bias was not
assessable.

Outcome 5.1, 5.3 . EGFR MAb in KRAS unselected participants -
progression-free survival, tumour response rate: unclear risk of bias

One of the two studies reported blinded assessment of progression
(Borner 2008), whereas the other study did not (Sobrero EPIC 2008).
As a result, we judged these outcomes as having unclear risk of bias.

Outcome 5.2 . EGFR MAb in KRAS unselected participants - overall
survival: low risk of bias

We judged this outcome as having low risk of bias as lack of blinding
is unlikely to aHect overall survival in the presence of adequate
allocation concealment and low attrition.

Outcome 5.4 to 5.6 . EGFR MAb in KRAS unselected participants -
overall grade 3 to 4 toxicity, grade 3 to 4 diarrhoea, grade 3to 4 rash:
high risk of bias

As above, all studies were open-label trials, thus we judged
assessment of toxicity to be at high risk of bias.

Outcome 5.7 . EGFR MAb in KRAS unselected participants - grade 3
to 4 neutropenia: low risk of bias

Again, the objective assessment of neutrophil count in a controlled
trial setting would result in a low risk of bias for the reporting of
grade 3 to 4 neutropenia.

Outcome 6.1, 6.3. Comparing EGFR MAb with chemotherapy
to anti-vascular endothelial growth factor (VEGF) MAb with
chemotherapy - progression-free survival, tumour response rate:
unclear risk of bias

Two of the four included studies used central or blinded
assessment of response and disease progression (Hecht SPIRITT
2015; Venook CALGB 80405 2014), but the other two studies did not
(Heinemann FIRE-3 2014; Schwartzberg PEAK 2014). We therefore
judged these outcomes as having unclear risk of bias.

Outcome 6.2. Comparing EGFR MAb with chemotherapy to anti-
VEGF MAb with chemotherapy - overall survival: low risk of bias

All four studies had adequate allocation concealment and low
attrition, with blinded assessment less relevant for this outcome.
We therefore judged this outcome as having low risk of bias.

Outcome 6.4 to 6.6. Comparing EGFR MAb with chemotherapy to
anti-VEGF MAb with chemotherapy - toxicity: high risk of bias

As above, all studies were open-label trials, thus we judged
assessment of toxicity to be at high risk of bias.

Outcome 7.1, 7.3. Comparing diHerent EGFR inhibitor agents or
regimens - progression-free survival, tumour response rate: high
risk of bias

All of the included studies were open-label studies that did not
employ central or blinded assessment of progression. We therefore
judged these outcomes to be at high risk of bias.
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Outcome 7.2. Comparing diHerent EGFR inhibitor agents or
regimens - overall survival: low risk of bias

Despite the open-label nature of the trials, allocation concealment
was adequate in the majority of trials, and overall survival is
unlikely to be influenced by blinding. We therefore judged this
outcome as having low risk of bias.

Outcome 7.4 to 7.6. Comparing diHerent EGFR inhibitor agents or
regimens - overall toxicity, diarrhoea, rash: high risk of bias

As above, the non-blinded measurement of endpoints (particularly
subjective ones) in the setting of open-label trials resulted in a
judgement of high risk of bias.

Outcome 7.7. Comparing diHerent EGFR inhibitor agents or
regimens - neutropenia: low risk of bias

Similar to outcome 7.2, neutropenia is judged objectively, thus we
assessed this outcome as having low risk of bias.

As noted in EHects of interventions, we did not perform meta-
analysis of the six included trials due to significant between-
study heterogeneity (Bridgewater GAIN-C 2015; Brodowicz 2013;
Hickish 2014; Ma 2013; Price ASPECCT 2014; Wasan COIN-B 2014).
An assessment of the risk of bias according to each outcome was
therefore not possible.

Outcome 8.1, 8.3 to 8.6. The addition of EGFR TKIs to standard
therapy - progression-free survival, overall toxicity, diarrhoea, rash:
high risk of bias

As both included studies were open label with no centralised or
blinded review, we judged these outcomes to have high risk of bias.

Outcome 8.2, 8.7. The addition of EGFR TKIs to standard therapy -
overall survival, neutropenia: low risk of bias

Despite the open-label nature of both studies, these outcomes are
not aHected by blinding (being objectively determined), and thus
were judged to have low risk of bias.

Outcome 9.1, 9.3. Adding EGFR to the combination of
bevacizumab and standard therapy - progression-free survival,
tumour response rate: high risk of bias

One of the six included trials used central or blinded assessment
of response and disease progression (Hecht PACCE 2009), and two
studies had unclear risk of bias as results were only available
in abstract form (Passardi ITACA 2015; Tournigand DREAM 2015).
The remaining three studies did not utilise central or blinded

assessment of disease progression (Hagman ACT2 2014; Johnsson
Nordic ACT 2013; Tol CAIRO2 2008). Given the small proportion of
studies with low performance bias, we judged these outcomes at
having a high risk of bias

Outcome 9.2. Adding EGFR to the combination of bevacizumab and
standard therapy - overall survival: low risk of bias

All four studies had adequate allocation concealment and low
attrition, with blinded assessment less relevant for this outcome.
We therefore judged this outcome as having low risk of bias.

Outcome 9.4 to 9.6. Adding EGFR to the combination of
bevacizumab and standard therapy - toxicity: high risk of bias

As above, all studies were open-label trials, thus we judged
assessment of toxicity to be at high risk of bias.

Outcome 9.7. Adding EGFR to the combination of bevacizumab
and standard therapy - grade 3 to 4 neutropenia: no assessment
made

Given that no studies reported on this outcome, it was not feasible
to perform an analysis of risk of bias.

E>ects of interventions

See: Summary of findings for the main comparison EGFR MAb
in KRAS exon 2 WT for metastatic colorectal cancer; Summary of
findings 2 EGFR MAb in KRAS exon 2 MT for metastatic colorectal
cancer; Summary of findings 3 EGFR MAb in extended RAS WT for
metastatic colorectal cancer; Summary of findings 4 EGFR MAb in
extended RAS mutation for metastatic colorectal cancer; Summary
of findings 5 EGFR inhibitors in KRAS unselected participants;
Summary of findings 6 Comparing EGFR inhibitors to another
biologic agent; Summary of findings 7 Comparing diHerent EGFR
inhibitor agents or regimens; Summary of findings 8 EGFR TKI
in KRAS unselected participants; Summary of findings 9 EGFR
inhibitors added to bevacizumab for metastatic colorectal cancer

33 studies with a total of 15,250 participants were included in
meta-analyses. Findings from these analyses are summarised
in Summary of findings for the main comparison; Summary of
findings 2; Summary of findings 3; Summary of findings 4; Summary
of findings 5; Summary of findings 6; Summary of findings 7;
Summary of findings 8; Summary of findings 9.

1. The addition of EGFR MAb to standard therapy in KRAS exon
2 WT populations

1.1 Progression-free survival

See: Analysis 1.1; Figure 5.
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Figure 5.   Forest plot of comparison: 1 EGFR MAb in KRAS exon 2 WT, outcome: 1.1 Progression-free survival.

 
Overall, 12 RCTs (evaluating 4402 KRAS exon 2 WT participants)
investigated the addition of EGFR MAb to standard therapy. Pooled
analysis of these studies demonstrated that EGFR MAb reduced
the risk of disease progression by 30% (hazard ratio (HR) 0.70,
95% confidence interval (CI) 0.60 to 0.82). The test for subgroup
diHerences revealed considerable diHerences in eHect estimates

across diHerent lines of therapy (Chi2 = 22.43, df = 2, P < 0.001,

I2 = 91.1%). There was substantial heterogeneity in this analysis

(Chi2 = 45.12, df = 11, P < 0.001, I2 = 76%), which may be
due to pooling of studies involving diHering lines of treatment
and chemotherapy partners. In particular we considered that
use of EGFR MAb in diHerent lines of therapy may produce
diHerent degrees of benefit. For instance, given that the use of
cytotoxic chemotherapy improves outcomes such as progression-
free survival, the incremental benefit of adding EGFR MAb in first- or
second-line trials (with chemotherapy) may be less than that seen
with EGFR MAb (as monotherapy) in third-line trials. We note that

I2 is on the whole less when the trials are analysed by group (see
below). Removal of third-line trials lessened the heterogeneity from

substantial to moderate (Chi2 = 16.61, df = 9, P = 0.06, I2 = 46%)
(Amado 2008; Karapetis CO17 2008).

Pooled analysis of all first-line trials in KRAS exon 2 WT populations
(6 RCTs, 2671 participants) showed that adding EGFR MAb reduced
the risk of disease progression by 21% (HR 0.79, 95% CI 0.66 to
0.94; P = 0.01; Analysis 1.1.1). The phase III trials were as follows:
Van Cutsem CRYSTAL 2009 investigated the addition of cetuximab
to FOLFIRI, and reported improved PFS with HR 0.70 (95% CI
0.56 to 0.87); Douillard PRIME 2010 investigated the addition of

panitumumab to FOLFOX4, and reported improved PFS with HR
0.80 (95% CI 0.66 to 0.97); Adams COIN 2011 investigated the
addition of cetuximab to either CAPOX or mFOLFOX6, and reported
no overall PFS improvement with HR 0.96 (95% CI 0.82 to 1.12);
Bokemeyer OPUS 2009 investigated the addition of cetuximab
to FOLFOX4, and reported improved PFS with HR 0.57 (95% CI
0.37 to 0.86); and Tveit NORDIC VII 2012 investigated the addition
of cetuximab to FLOX and reported no improvement in PFS (HR
1.09, 95% CI 0.79 to 1.45). Ye 2013 (described as a phase IV trial)
investigated the addition of cetuximab to chemotherapy (either
mFOLFOX6 or FOLFIRI), showing improved PFS with HR 0.60 (95%
CI 0.41 to 0.87).

We noted substantial heterogeneity in the meta-analysis (Chi2 =

14.79, df = 5, P = 0.01, I2 = 66%). This may be attributable to the
pooling of studies utilising diHerent fluoropyrimidine regimens;
whilst most trials used infusional fluorouracil (5-FU), one allowed
substitution of capecitabine (Adams COIN 2011), and one utilised
a bolus 5-FU regimen, FLOX (Tveit NORDIC VII 2012). Exclusion of
these two trials resulted in no important residual heterogeneity

(Chi2 = 3.47, df = 3, P = 0.32, I2 = 14%). Another potential reason for
the observed heterogeneity is that some studies used oxaliplatin as
part of chemotherapy whilst others used irinotecan.

Pooled analysis of second-line trials in KRAS exon 2 WT populations
(4 RCTs, 1258 participants) showed that adding EGFR MAb to
chemotherapy reduced the risk of disease progression by 24%
(HR 0.76, 95% CI 0.67 to 0.86; P < 0.001; Analysis 1.1.2). Peeters
2010 investigated FOLFIRI plus panitumumab versus FOLFIRI alone

Epidermal growth factor receptor (EGFR) inhibitors for metastatic colorectal cancer (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

35



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

and reported improved PFS (HR 0.73, 95% CI 0.59 to 0.90).
Seymour PICCOLO 2013 investigated irinotecan plus panitumumab
versus irinotecan in second-line and subsequent settings, and
reported improved PFS (HR 0.78, 95% CI 0.64 to 0.95). No

important heterogeneity was present (Chi2 = 0.21, df = 1, P =

0.65, I2 = 0%). Passardi ITACA 2015 randomised participants due
for first-line therapy to physician's choice of chemotherapy with
bevacizumab versus the same chemotherapy. The participants
randomised to chemotherapy with bevacizumab were eligible for
a subtrial (included in this analysis) investigating the combination
of second-line chemotherapy and cetuximab compared to second-
line chemotherapy alone. There were no significant diHerences
in PFS (HR 0.64, 95% CI 0.35 to 1.16) or OS (HR 1.22, 95% CI
0.65 to 2.29), although the subtrial included only 48 participants.
Ciardiello CAPRI-GOIM 2016 commenced all participants on FOLFIRI
with cetuximab, and on progression from this therapy randomised
participants to FOLFOX with cetuximab or FOLFOX (the precise

FOLFOX regimen was not described). Progression-free survival did
not diHer significantly between the two arms (HR 0.81, 95% CI 0.58
to 1.12).

Pooled analysis of third-line trials in KRAS exon 2 WT populations
(2 RCTs, 473 participants) showed that compared to placebo,
EGFR MAb reduced the risk of disease progression by 57% (HR
0.43, 95% CI 0.35 to 0.54; P < 0.001; Analysis 1.2.3). Amado 2008
compared panitumumab to best supportive care and reported
improved PFS (HR 0.45, 95% CI 0.34 to 0.59). Karapetis CO17 2008
compared cetuximab to best supportive care. An improvement in
PFS was observed with HR 0.42 (95% CI 0.30 to 0.58) No important

heterogeneity was present (Chi2 = 0.11, df = 1, P = 0.75, I2 = 0%).

1.2 Overall survival

See: Analysis 1.2; Figure 6.

 

Figure 6.   Forest plot of comparison: 1 EGFR MAb in KRAS exon 2 WT, outcome: 1.2 Overall survival.

 
Overall, 12 RCTs (evaluating 4402 KRAS exon 2 WT participants)
investigated the addition of EGFR MAb to standard therapy in KRAS
exon 2 WT populations. Pooled analysis of these trials showed that
adding EGFR MAb decreased the risk of death by 12% (HR 0.88, 95%
CI 0.80 to 0.98; P = 0.01). Moderate statistical heterogeneity was

present (Chi2 = 18.41, df = 11, P = 0.07, I2 = 40%), again likely due to
the pooling of studies investigating EGFR MAb use in diHerent lines
of treatment. Exclusion of third-line studies resulted in ongoing

moderate heterogeneity (Chi2 = 13.44, df = 9, P = 0.14, I2 = 33%).

However, no important subgroup diHerences were present (Chi2 =

0.70, df = 2, P = 0.71, I2 = 0%).

Pooled analysis of first-line trials (6 RCTs, 2671 participants) in KRAS
exon 2 WT populations showed that adding EGFR MAb to first-
line chemotherapy did not significantly decrease the risk of death
(HR 0.87, 95% CI 0.75 to 1.02; P = 0.08; Analysis 1.2.1). Moderate

statistical heterogeneity was present (Chi2 = 10.71, df = 5, P =

0.06, I2 = 53%), again likely due to the pooling of studies utilising
diHerent fluoropyrimidine regimens. Exclusion of Adams COIN 2011
and Tveit NORDIC VII 2012, as per the rationale discussed above in
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Analysis 1.1, resulted in no residual heterogeneity (Chi2 = 2.58, df =

3, P = 0.46, I2 = 0%).

Pooled analysis of second-line trials (4 RCTs, 1258 participants) in
KRAS exon 2 WT populations showed that adding EGFR MAb to
second-line chemotherapy did not significantly decrease the risk
of death (HR 0.93, 95% CI 0.82 to 1.05; P = 0.25; Analysis 1.2.2). No

important heterogeneity was present (Chi2 = 2.36, df = 3, P = 0.50,

I2 = 0%).

Pooled analysis of third-line trials (2 RCTs, 473 participants) in
KRAS exon 2 WT populations showed that compared to placebo,
EGFR MAb did not significantly decrease the risk of death (HR 0.79,
95% CI 0.50 to 1.24; P = 0.31; Analysis 1.2.3). Substantial statistical

heterogeneity was present (Chi2 = 4.35, df = 1, P = 0.04, I2 = 77%),
likely attributable to the diHerential cross-over in the two included
studies. Karapetis CO17 2008 demonstrated significant OS benefit
(HR 0.62, 95% CI 0.44 to 0.87), likely because the trial did not allow
cross-over from placebo to cetuximab on progression, with only 13
of 285 participants subsequently receiving EGFR MAb. In contrast,
Amado 2008 reported no OS improvement (HR 0.98, 95% CI 0.75 to
1.29) in the context of PFS improvement. This trial allowed cross-
over, which occurred in 90 of 119 KRAS exon 2 WT participants
originally in the placebo arm. Given the post hoc nature of this
analysis and the high degree of heterogeneity, the results of this
subgroup analysis should be interpreted with caution.

1.3 Tumour response rate

See: Analysis 1.3.

Overall, 12 RCTs (evaluating 4147 KRAS exon 2 WT participants)
investigated the addition of EGFR MAb to standard therapy. Pooled
analysis of these trials showed that the addition of EGFR MAb
increased the rate of response by 14.5%, from 31.1% (645/2077) to
45.6% (944/2070) with odds ratio (OR) 2.41 (95% CI 1.70 to 3.41; P
< 0.001). The test for subgroup diHerences revealed considerable
diHerences in eHect estimates across diHerent lines of therapy

(Chi2 = 17.37, df = 2, P = 0.0002, I2 = 88.5%). Substantial statistical

heterogeneity was present (Chi2 = 47.75, df = 11, P < 0.001, I2 =
77%), likely due to the diHering lines of treatment investigated in
the trials, which is supported by the fact that the analyses below (by
line of therapy) show less heterogeneity.

Pooled analysis of first-line trials (6 RCTs, 2447 participants) in KRAS
exon 2 WT populations showed that adding EGFR MAb to first-
line chemotherapy increased the rate of response by 12.0% from
575/1243 (46.3%) to 702/1204 (58.3%) (OR 1.73, 95% CI 1.33 to 2.25;
P < 0.001; Analysis 1.3.1). Moderate statistical heterogeneity was

present (Chi2 = 10.86, df = 5, P = 0.10, I2 = 54%), likely due to the
pooling of trials using diHerent chemotherapy backbones.

Pooled analysis of second-line trials (4 RCTs, 1243 participants) in
KRAS exon 2 WT populations showed that adding EGFR MAb to
second-line chemotherapy increased the rate of response by 21.8%
from 11.3% (70/618) to 33.1% (206/625) (OR 3.60, 95% CI 2.45 to

5.30; P < 0.001), with no important heterogeneity (Chi2 = 4.18, df =

3, P = 0.24, I2 = 28%).

Pooled analysis of third-line trials (2 RCTs, 457 participants) in KRAS
exon 2 WT populations showed that using EGFR MAb compared to
placebo increased the rate of response from 0% (0/216) to 14.9%

(36/241) (OR 38.44, 95% CI 5.22 to 282.91; P = 0.0003). No important

heterogeneity was present (Chi2 = 0.01, df = 1, P = 0.91, I2 = 0%).

1.4 Adverse e-ects

See: Analysis 1.4; Analysis 1.5; Analysis 1.6; Analysis 1.7.

Overall, six RCTs (evaluating 2771 KRAS exon 2 WT participants)
reported the eHects of adding EGFR MAb to standard therapy on
overall grade 3 to 4 toxicity. Pooled analysis showed that the rate
of overall toxicity increased by 18.4% from 54.7% (769/1405) in the
control arm to 73.1% (999/1366) in the experimental arm (OR 2.45,
95% CI 2.07 to 2.89; Analysis 1.4). No important heterogeneity was

present (Chi2 = 1.14, df = 5, P = 0.95, I2 = 0%).

We performed pooled analysis of the same studies for the incidence
of grade 3 to 4 diarrhoea, rash, and neutropenia.

The incidence of grade 3 to 4 diarrhoea in KRAS exon 2 WT
participants (7 RCTs, 2909 participants) increased by 6.5% from
9.5% (140/1473) in the control arm to 16.0% (230/1436) in
the experimental arm (OR 1.84, 95% CI 1.47 to 2.32; Analysis
1.5). The incidence of grade 3 to 4 rash in KRAS exon 2
WT participants (7 RCTs, 2909 participants) increased from
1.1% (16/1473) in the control arm to 24.1% (346/1436) in the
experimental arm (OR 23.42, 95% CI 13.22 to 41.49; Analysis 1.6). No
important statistical heterogeneity was present for these analyses

(respectively: diarrhoea: Chi2 = 1.91, df = 6, P = 0.93, I2 = 0%; rash:

Chi2 = 6.82, df = 6, P = 0.34, I2 = 12%).

The incidence of grade 3 to 4 neutropenia in KRAS exon 2
WT participants (6 RCTs, 2666 participants) did not significantly
increase, being 25.6% (347/1354) in the control arm versus 28.7%
(377/1312) in the experimental arm (OR 1.22, 95% CI 0.93 to 1.61;
Analysis 1.7). Moderate heterogeneity was present for this analysis

(Chi2 = 10.39, df = 5, P = 0.06, I2 = 52%), which could be due to the use
of diHerent chemotherapy regimens, such as FOLFOX in Bokemeyer
OPUS 2009 and Douillard PRIME 2010, FLOX in Tveit NORDIC VII
2012, FOLFIRI in Peeters 2010 and Van Cutsem CRYSTAL 2009, and
irinotecan alone for Seymour PICCOLO 2013. Exclusion of Seymour
PICCOLO 2013 (being the only trial using chemotherapy without
fluoropyrimidine backbone) resulted in a decrease to no important

heterogeneity (Chi2 = 4.72, df = 4, P = 0.32, I2 = 15%).

No important subgroup interactions were present in any of these

four analyses (I2 = 0% for each).

1.5 Quality of life

Five included studies reported quality of life (QoL) results for the
KRAS exon 2 wildtype participants (Douillard PRIME 2010; Karapetis
CO17 2008; Peeters 2010; Seymour PICCOLO 2013; Van Cutsem
CRYSTAL 2009), whereas a sixth study has collected this information
but has not yet reported on quality of life outcomes (Adams COIN
2011). It is worth noting that a seventh study (Amado 2008) reported
no sginificant diHerences in overall QoL results on KRAS unselected
patients, but has not reported any QoL results by KRAS status.
Of the five studies which have reported QoL, one study showed
improved quality of life as measured on the EORTC QLQ-C30 scale
(Karapetis CO17 2008), whereas the other four studies showed
neutral or equivocal results on quality of life (Douillard PRIME
2010; Peeters 2010; Seymour PICCOLO 2013; Van Cutsem CRYSTAL
2009). Van Cutsem CRYSTAL 2009 showed significant improvement
in global EORTC QLQ-C30 with the combination of irinotecan and
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panitumumab (as opposed to irinotecan alone) but significantly
worse EORTC QLQ-C30 symptom scores in the same arm.

2. EGFR MAb in KRAS exon 2 mutant participants

Overall, 9 studies (2609 participants) investigated the eHect of
adding EGFR MAb to either chemotherapy or best supportive care
in KRAS exon 2 mutant populations.

2.1 Progression-free survival

See: Analysis 2.1; Figure 7.

 

Figure 7.   Forest plot of comparison: 2 EGFR MAb in KRAS exon 2 MT, outcome: 2.1 Progression-free survival.

 
Of the above-mentioned 9 studies, 1 study compared the
combination of lenalidomide and cetuximab to lenalidomide
alone (Siena 2013), but has not reported any data with regard
to progression or survival, leaving 8 studies (2567 participants)
for analysis of the primary outcome. No important subgroup

interactions were present (Chi2 = 2.72, df = 2, P = 0.26, I2 = 26.4%).
Pooled analysis of these trials showed that addition of EGFR MAb
did not significantly reduce the risk of progression (HR 1.03, 95%
CI 0.89 to 1.20; P = 0.66). Significant statistical heterogeneity was

present (Chi2 = 17.75, df = 7, P = 0.01, I2 = 61%), likely due to pooling
of studies using diHering chemotherapy partners in diHerent lines
of treatment.

Pooled analysis of first-line trials (5 RCTs, 1733 participants) in
KRAS exon 2 MT populations showed that adding EGFR MAb to
first-line chemotherapy did not decrease the risk of progression
(HR 1.11, 95% CI 0.88 to 1.38; P = 0.38; Analysis 2.1.1). Two
trials showed significantly worse PFS with addition of EGFR MAb
in this cohort (Bokemeyer OPUS 2009; Douillard PRIME 2010).

Substantial statistical heterogeneity was present (Chi2 = 14.33, df

= 4, P = 0.006, I2 = 72%), probably because of the utilisation of
diHerent fluoropyrimidine regimens in trials (capecitabine in some
participants in Adams COIN 2011, FLOX in Tveit NORDIC VII 2012).
Exclusion of these two trials resulted in no important heterogeneity

(Chi2 = 2.08, df = 2, P = 0.35, I2 = 4%).

The only second-line trial reporting PFS outcomes in KRAS exon 2
MT populations was Peeters 2010 (1 RCT, 486 participants). The risk
of progression did not significantly decrease (HR 0.85, 95% CI 0.68
to 1.06; P = 0.15; Analysis 2.1.2).

Pooled analysis of third-line trials (2 RCTs, 348 participants) showed
that using EGFR MAb compared to best supportive care in KRAS
exon 2 MT participants did not decrease the risk of progression (HR
0.99, 95% CI 0.80 to 1.24; P = 0.96; Analysis 2.1.3). No important

heterogeneity was present (Chi2 = 0.00, df = 1, P = 0.99, I2 = 0%).

2.2 Overall survival

See: Analysis 2.2; Figure 8.
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Figure 8.

 
Overall, 8 trials (2567 participants) reported on the eHect of adding
EGFR MAb to standard therapy on overall survival in KRAS exon 2
MT populations. No important subgroup interactions were present

(Chi2 = 1.54, df = 2, P = 0.46, I2 = 0%). Pooled analysis of these trials
showed that adding EGFR MAb did not reduce the risk of death (HR
1.03, 95% CI 0.94 to 1.13; P = 0.52). No important heterogeneity was

present (Chi2 = 5.07, df = 7, P = 0.65, I2 = 0%). Pooled analysis by line
of therapy also showed no significant reduction in risk of death in
the first-line (HR 1.07, 95% CI 0.96 to 1.20; P = 0.22) and third-line
(HR 0.98, 95% CI 0.80 to 1.21; P = 0.87) settings. The one second-
line study, Peeters 2010, reported no reduction in risk of death (HR
0.93, 95% CI 0.76 to 1.15; P = 0.52). No important heterogeneity was

present in these subgroup analyses (First-line: Chi2 = 3.53, df = 4, P

= 0.47, I2 = 0%; third-line: Chi2 = 0, df = 1, P = 0.98, I2 = 0%).

2.3 Tumour response rate

See: Analysis 2.3.

Pooled analysis of all trials (8 RCTs, 1925 participants) showed
that addition of EGFR MAb in KRAS exon 2 MT populations did not
increase the odds of tumour response (OR 0.93, 95% CI 0.74 to 1.16;

P = 0.50). No important subgroup interactions were present (Chi2

= 1.26, df = 2, P = 0.53, I2 = 0%). No important heterogeneity was

present (Chi2 = 5.45, df = 6, P = 0.49, I2 = 0%). Pooled analysis of
first-line trials (4 RCTs, 1066 participants) also demonstrated no
significant increase in odds of tumour response (OR 0.90, 95% CI
0.66 to 1.22; P = 0.51; Analysis 2.3.1). No important heterogeneity

was present (Chi2 = 4.11, df = 3, P = 0.25, I2 = 27%).

Only one trial with 496 participants investigated second-line
addition of EGFR MAb in KRAS exon 2 MT populations (Peeters 2010),

showing response rates of 30/232 in the EGFR MAb arm and 33/237
in the control arm; hence we did not perform meta-analysis.

Addition of EGFR MAb in the third-line setting for KRAS exon 2 MT
populations (3 RCTs, 390 participants) resulted in response rates of
6/186 in the intervention arm and 3/204 in the control arm; due to
the low number of total events we did not perform meta-analysis.

2.4 Adverse e-ects

See: Analysis 2.4; Analysis 2.5; Analysis 2.6; Analysis 2.7.

Pooled analysis of trials, which reported the eHect of adding EGFR
MAb in KRAS exon 2 MT populations (5 RCTs, 1635 participants),
showed that the odds of any grade 3 to 4 toxicity increased
by 13.5% from 54.5% (439/806) in the control arm to 68.0%
(564/829) in the experimental arm, however this decrease was
not statistically significant (OR 1.63, 95% CI 0.98 to 2.71). We

noted substantial subgroup diHerences for this outcome (Chi2 =

7.90, df = 2, P = 0.02, I2 = 74.7%). Substantial heterogeneity was

present in this analysis (Chi2 = 15.28, df = 4, P = 0.004, I2 = 74%),
with substantial heterogeneity remaining aSer analysis by line of

therapy (e.g. considering first-line trials alone the I2 statistic was
71%). Some of this heterogeneity may be due to imbalanced groups
as a result of the retrospective analyses of trials and consequent
between-trial variations in clinical characteristics (such as dose
intensity), which may have resulted in diHerent odds ratios for
toxicity. For instance, the Bokemeyer OPUS 2009 study (despite
having adequate randomisation and stratification by other clinical
factors), on retrospective analysis of KRAS status, had 59 KRAS
exon 2 mutant participants in the control arm compared to 77 in
the intervention arm. Duration of therapy (25 versus 21 weeks),

cumulative dose of 5-FU (median 23,755 mg/m2 versus 16,129 mg/
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m2), and cumulative dose of oxaliplatin (922 mg/m2 versus 765 mg/

m2) were all higher in the intervention arm. Increased exposure
to oxaliplatin and 5-FU in the control arm, rather than exposure
to cetuximab in the intervention arm, could therefore explain the
numerically higher rate of grade 3 to 4 toxicities in this trial. In
contrast, participants in the Van Cutsem CRYSTAL 2009 study had
similar exposure to irinotecan and 5-FU regardless of treatment
allocation and KRAS status. Although we feel that these diHerences
are suHicient to explain the observed heterogeneity, these post hoc
observations are hypothesis-generating, and the degree of residual
heterogeneity means that this analysis should be interpreted with
caution.

Pooled analysis (5 RCTs, 1635 participants) showed that addition
of EGFR MAb increased the rate of grade 3 to 4 diarrhoea by 4.1%
from 9.2% (74/806) of the control arm to 13.3% (110/829) in the
experimental arm (OR 1.45, 95% CI 1.01 to 2.11; Analysis 2.5). No

significant subgroup interactions were present (Chi2 = 0.37, df = 2,

P = 0.83, I2 = 0%). No important heterogeneity was present (Chi2

= 4.95, df = 4, P = 0.29, I2 = 19%). In the same studies, addition of
EGFR MAb increased the rate of grade 3 to 4 rash by 22.8% from 0.7%
(6/806) in the control arm to 23.5% (195/829) in the experimental
arm (OR 32.35, 95% CI 15.01 to 69.70; Analysis 2.6). No significant

subgroup interactions were present (Chi2 = 0.84, df = 2, P = 0.66, I2

= 0%). No important heterogeneity was present (Chi2 = 3.15, df = 4,

P = 0.53, I2 = 0%).

Pooled analysis (3 RCTs, 968 participants) showed that addition of
EGFR MAb decreased the rate of grade 3 to 4 neutropenia by 8.4%
from 38.3% (176/460) in the control arm to 29.9% (152/508) in the
experimental arm with OR 0.70 (95% CI 0.53 to 0.93; Analysis 2.7).

No important heterogeneity was present (Chi2 = 2.04, df = 2, P =

0.36, I2 = 2%). This may be potentially attributable to the toxicities
from EGFR MAb use decreasing dose intensity of chemotherapy in
the control arm.

3. EGFR MAb in extended RAS WT participants

In the last few years, re-analysis of prospectively identified
extended RAS populations in five pivotal studies have been
published (Amado 2008; Bokemeyer OPUS 2009; Douillard PRIME
2010; Peeters 2010; Van Cutsem CRYSTAL 2009), together with one
new trial reporting results by extended RAS status (Ciardiello CAPRI-
GOIM 2016). For this analysis, we excluded two studies because they
compared the combination of EGFR MAb and chemotherapy to the
combination of bevacizumab and chemotherapy in the control arm.
(Schwartzberg PEAK 2014; Venook CALGB 80405 2014).

3.1 Progression-free survival

See: Analysis 3.1; Figure 9.
 

Figure 9.   Forest plot of comparison: 3 EGFR MAb in extended RAS WT, outcome: 3.1 Progression-free survival.

 
In 6 studies that included 1237 participants with mCRC and
extended RAS WT genotype (Amado 2008; Bokemeyer OPUS 2009;
Ciardiello CAPRI-GOIM 2016; Douillard PRIME 2010; Peeters 2010;
Van Cutsem CRYSTAL 2009), pooled analysis showed that adding
EGFR MAb reduced the risk of disease progression compared to
chemotherapy alone/placebo by 40% (HR 0.60, 95% CI 0.48 to 0.75;

P < 0.001). Substantial subgroup diHerences were present (Chi2

= 10.39, df = 2, P = 0.006, I2 = 80.8%). We also found substantial

heterogeneity in this analysis (Chi2 = 12.91, df = 5, P = 0.02, I2 = 61%).
We noted that five of the studies investigated EGFR MAb in addition
to chemotherapy, whereas the last study compared EGFR MAb
alone to placebo (Amado 2008), and showed strong PFS benefit (HR
0.36, 95% CI 0.25 to 0.52). Exclusion of this study resulted in no

important heterogeneity (Chi2 = 2.91, df = 4, P = 0.57, I2 = 0%).
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3.2 Overall survival

See: Analysis 3.2; Figure 10.
 

Figure 10.   Forest plot of comparison: 3 EGFR MAb in extended RAS WT, outcome: 3.2 Overall survival.

 
In 4 studies that included 1114 participants with mCRC and
extended RAS WT genotype (Bokemeyer OPUS 2009; Douillard
PRIME 2010; Peeters 2010; Van Cutsem CRYSTAL 2009), pooled
analysis showed that adding EGFR MAb reduced the risk of death
compared to chemotherapy alone or placebo by 23% (HR 0.77, 95%

CI 0.67 to 0.88; P < 0.001). No subgroup diHerences (Chi2 = 0.19, df

= 1, P = 0.66, I2 = 0%) nor important heterogeneity (Chi2 = 1.49, df =

3, P = 0.68, I2 = 0%) were present.

3.3 Tumour response rate

See: Analysis 3.3.

Four RCTs reported tumour response rates in 1001 extended RAS WT
participants (Amado 2008; Bokemeyer OPUS 2009; Peeters 2010;
Van Cutsem CRYSTAL 2009). The addition of EGFR MAb increased
the odds of tumour response compared to chemotherapy alone
or placebo by 26.4% from 21.3% (108/508) to 47.7% (235/493)
(OR 4.28, 95% CI 2.61 to 7.03; P < 0.001). Substantial subgroup

diHerences (Chi2 = 5.38, df = 2, P = 0.07, I2 = 62.8%) and moderate

statistical heterogeneity (Chi2 = 5.52, df = 3, P = 0.14, I2 = 46%)
were present. We considered clinical diHerences by line of therapy
(as noted above in the PFS analysis) as a potential cause of
heterogeneity, but exclusion of Amado 2008 led to persistent

heterogeneity (I2 = 47%). Another diHerence between the trials was
the use of cetuximab and panitumumab. Considered separately,

the two trials investigating cetuximab in the first-line setting (I2

= 0%) had no important heterogeneity, and neither did the two
trials investigating panitumumab in the second- and third-line
settings. However, these post hoc explanations may not fully
explain the heterogeneity, and these findings should be interpreted
with caution.

3.4 Adverse e-ects

No outcomes with regard to toxicity (overall, diarrhoea, rash, or
neutropenia) were reported by any identified trial by extended RAS
status.

4. EGFR MAb in extended RAS mutant participants

4.1 Progression-free survival

See: Analysis 4.1.

Overall, 6 studies (2004 participants) investigated the eHect of
adding EGFR MAb to either chemotherapy or best supportive care
in extended RAS mutant populations. Pooled analysis of all trials
showed that addition of EGFR MAb did not significantly reduce the
risk of progression (HR 1.13, 95% CI 0.93 to 1.36; P = 0.31). No

important subgroup diHerences were present (Chi2 = 2.74, df = 2, P

= 0.25, I2 = 27.0%). Substantial statistical heterogeneity was present

(Chi2 = 13.26, df = 5, P = 0.02, I2 = 62%), potentially due to the pooling
of studies involving diHering lines of treatment and chemotherapy
partners used. When considered by line of therapy, none of the
subgroups below showed significant heterogeneity.

Pooled analysis of first-line trials (3 RCTs, 1175 participants)
in extended RAS MT populations showed that adding EGFR
MAb to first-line chemotherapy statistically increased the risk of
progression by 27% (HR 1.27, 95% CI 1.08 to 1.48; P = 0.004; Analysis

4.1.1). No important heterogeneity was present (Chi2 = 2.24, df = 2,

P = 0.33, I2 = 11%). This is an important finding because actual harm
to participants was observed.

Pooled analysis of second-line trials (2 RCTs, 616 participants)
in extended RAS MT populations showed that adding EGFR MAb
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in the second-line setting did not significantly decrease the risk
of progression (HR 1.05, 95% CI 0.62 to 1.79; Analysis 4.1.2).

Substantial heterogeneity was present in this analysis (Chi2 =

2.64, df = 1, P = 0.10, I2 = 62%). This was potentially due to
the inclusion of diHerent populations in the trials: Peeters 2010
enrolled participants all with KRAS genotypes, and thus their
population in this analysis comprises both participants with KRAS
exon 2 mutations as well as other KRAS or NRAS mutations;
in contrast, Ciardiello CAPRI-GOIM 2016 restricted enrolment to
people with KRAS exon 2 WT tumours, and thus their population in
this analysis would not have had KRAS exon 2 mutations, but rather
mutations in other exons of KRAS or NRAS. Interpretation of this
subgroup analysis should therefore be interpreted with caution.

We note that Seymour PICCOLO 2013 also provided subgroup
results for KRAS mutant participants with PFS HR 0.56 (95% CI 0.13
to 2.48) and OS HR 1.73 (95% CI 0.43 to 6.58) as well as NRAS mutant
participants with PFS HR 1.08 (95% CI 0.45 to 2.56) and OS HR 1.97
(95% CI 0.83 to 4.67). However, we could not incorporate these
results into the same analysis as the authors did not provide the
results for participants with both KRAS and NRAS mutations (i.e.
the extended RAS mutant population). We note that the numbers in
each subgroup were small, with 17 participants having KRAS codon
146 mutations and 29 participants having NRAS mutations.

The only third-line trial reporting PFS outcomes in this population
was Amado 2008 (1 RCT, 213 participants), which reported no
significant decrease in risk of progression with HR 0.97 (95% CI 0.73
to 1.29).

4.2 Overall survival

See: Analysis 4.2.

Overall, 4 trials (1768 participants) investigated the addition of
EGFR MAb to standard therapy in extended RAS MT participants
and reported overall survival results. Pooled analysis of these trials
showed that adding EGFR MAb did not reduce the risk of death
(HR 1.09, 95% CI 0.93 to 1.28; P = 0.29). We noted substantial

subgroup diHerences (Chi2 = 4.31, df = 2, P = 0.04, I2 = 76.8%), and

moderate heterogeneity was present (Chi2 = 6.22, df = 3, P = 0.10,

I2 = 52%). This was possibly attributable to the pooling of studies
investigating the use of EGFR MAb in diHering lines of therapy;
removal of Peeters 2010 (the only second-line study) resulted in no

important heterogeneity (Chi2 = 1.92, df = 2, P = 0.38, I2 = 0%).

Pooled analysis of first-line trials (3 RCTs, 1175 participants) showed
a statistically significant increase in risk of death (HR 1.16, 95% CI

1.02 to 1.33; P = 0.03). No important heterogeneity was present (Chi2

= 1.92, df = 2, P = 0.38, I2 = 0%). The one second-line study, Peeters
2010, (574 participants) reported no reduction in risk of death (HR
0.91, 95% CI 0.76 to 1.10; P = 0.34).

4.3 Tumour response rate

See: Analysis 4.3.

Only 3 RCTs (840 participants) reported the eHect of adding EGFR
MAb to standard therapy on tumour response rates in extended RAS
MT populations. Adding EGFR MAb did not significantly increase the
odds of tumour response (OR 0.76, 95% CI 0.55 to 1.05; P = 0.09). No

important heterogeneity was present (Chi2 = 1.86, df = 2, P = 0.39, I2

= 0%). Given that only two first-line and one third-line studies were
included, analysis by line of therapy was not performed.

4.4 Adverse e-ects

No outcomes with regard to toxicity (overall, diarrhoea, rash, or
neutropenia) were reported by any identified trial by extended RAS
status.

5. EGFR MAb in KRAS unselected participants

See: Analysis 5.1; Analysis 5.2.

Three RCTs (evaluating 1483 participants) investigated the use
of EGFR MAb in KRAS unselected participants without significant
subsequent data for KRAS testing and outcomes. We did not
perform meta-analysis due to the paucity of eligible studies.

Borner 2008 investigated the addition of cetuximab to CAPOX
chemotherapy in a KRAS unselected population. Time to tumour
progression, the primary endpoint, was not significantly improved,
being 5.8 months in the control arm and 7.2 months in the
EGFR MAb arm (HR 0.96, 95% CI 0.59 to 1.56). Sobrero EPIC 2008
investigated the addition of cetuximab to second-line irinotecan
chemotherapy in a KRAS unselected population. Progression-free
survival was improved with HR 0.70 (95% CI 0.62 to 0.78). No results
were available by KRAS status for analysis aSer communication
with authors of both studies (Chan 2013 [pers comm]; Chan 2015
[pers comm]). PolikoH EXPLORE 2005 randomised participants with
EGFR-positive mCRC (without KRAS testing) to the combination
of FOLFOX4 and cetuximab or FOLFOX4 alone. Response rates
were 9/43 in the combination arm and 4/39 in the FOLFOX4-only
arm. Only Sobrero EPIC 2008 reported quality of life, showing an
improvement in global, physical, and emotioning functioning and
pain subscales of EORTC QLQ-C30 favouring the intervention arm.

6. Comparing addition of EGFR MAb to chemotherapy with
anti-VEGF MAb and the same chemotherapy

All studies identified in this category restricted enrolment to people
with KRAS exon 2 genotype mCRC.

6.1 Progression-free survival

See: Analysis 6.1; Figure 11.
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Figure 11.   Forest plot of comparison: 6 Comparing addition of EGFR MAb to chemotherapy with anti-VEGF MAb and
the same chemotherapy, outcome: 6.1 Progression-free survival.

 
Four trials (evaluating 2189 KRAS exon 2 WT participants)
investigated the addition of EGFR MAb to chemotherapy compared
to addition of another (non-EGFR) biologic agent to the same
chemotherapy. In all four trials the other biologic agent was
bevacizumab. Venook CALGB 80405 2014 (phase III) investigated
the addition of either cetuximab or bevacizumab to first-line
chemotherapy (the investigator’s choice of mFOLFOX6, FOLFIRI, or
CAPOX) and showed no improvement in PFS with HR 1.03 (95%
CI 0.91 to 1.17). Heinemann FIRE-3 2014 (phase III) investigated
the addition of cetuximab or bevacizumab to first-line FOLFIRI and
also showed no improvement in PFS with HR 1.05 (95% CI 0.93 to
1.12). Hecht SPIRITT 2015 (phase II) investigated the addition of
panitumumab or bevacizumab to FOLFIRI in the second-line setting
and showed no improvement in PFS with HR 1.01 (95% CI 0.68 to
1.50). Schwartzberg PEAK 2014 (phase II) investigated the addition
of panitumumab or bevacizumab to mFOLFOX6 in the first-line
setting and showed no improvement in PFS with HR 0.87 (95% 0.65
to 1.17).

Pooled analysis showed that use of EGFR MAb compared to
bevacizumab did not reduce the risk of disease progression (HR
1.02, 95% CI 0.93 to 1.12; P = 0.74). No important heterogeneity was

present (Chi2 = 1.25, df = 3, P = 0.74, I2 = 0%).

We note that two studies have subsequently published results
for PFS in their extended RAS WT populations, although the trials
were not powered for significance in these retrospective subgroup
analyses. Schwartzberg PEAK 2014 reported significantly improved
PFS with HR 0.65 (95% CI 0.44 to 0.96; P = 0.029), whereas
Heinemann FIRE-3 2014 reported no PFS benefit with HR 0.93 (95%
CI 0.74 to 1.17).

6.2 Overall survival

See: Analysis 6.2; Figure 12.

 

Figure 12.   Forest plot of comparison: 6 Comparing addition of EGFR MAb to chemotherapy with anti-VEGF MAb and
the same chemotherapy, outcome: 6.2 Overall survival.

 
The 4 trials (2189 KRAS exon 2 WT participants) analysed in 6.1 also
reported overall survival. Pooled analysis showed that compared to
bevacizumab, the use of EGFR MAb did not significantly decrease
the risk of death with HR 0.84 (95% CI 0.70 to 1.01; P = 0.06).

Moderate heterogeneity was present in this analysis (Chi2 = 6.12,

df = 3, P = 0.11, I2 = 51%), possibly due to the pooling of trials
evaluating diHerent lines of therapy. Only Schwartzberg PEAK 2014
was conducted in the second-line setting, with the other three trials
being first-line studies. The exclusion of Schwartzberg PEAK 2014

led to no important residual heterogeneity (Chi2 = 2.78, df = 2, P =

0.25, I2 = 28%).

We note that three studies (2007 participants) have published
results for OS in the extended RAS WT population. Venook CALGB
80405 2014 reported no significant diHerence in this population in

OS with HR 0.9 (95% CI 0.7 to 1.1; P = 0.40). Heinemann FIRE-3
2014 showed improved OS with HR 0.70 (95% CI 0.53 to 0.92).
Schwartzberg PEAK 2014 reported significantly improved OS with
HR 0.63 (95% CI 0.39 to 1.02). We again note that these analyses
were not adequately powered to detect statistically significant
diHerences.

6.3 Tumour response rate

See: Analysis 6.3.

Pooled analysis of the 4 trials (2184 participants) showed that the
use of EGFR MAb compared to bevacizumab, both in combination
with chemotherapy, improved tumour response rates by 7.2% from
53.9% (582/1080) in the bevacizumab arm to 61.1% (675/1104)
in the EGFR MAb arm (OR 1.36, 95% CI 1.15 to 1.62; P = 0.0005)
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(Hecht SPIRITT 2015; Heinemann FIRE-3 2014; Schwartzberg PEAK
2014; Venook CALGB 80405 2014). No important heterogeneity was

present (Chi2 = 2.38, df = 3, P = 0.50, I2 = 0%). As Heinemann FIRE-3
2014 reported dropout rates exceeding 5%, we explored the impact
of including best- and worst-case scenarios for participants who
were lost to follow-up on this trial. Assuming all lost participants in
the EGFR MAb arm did not show tumour response, and all those in
the bevacizumab arm did, the odds ratio for response rate was no
longer significant (OR 1.26, 95% CI 0.93 to 1.71). Consequently, we
consider the evidence for the above diHerence in response rates to
be weak.

6.4 Adverse e-ects

See: Analysis 6.4; Analysis 6.5; Analysis 6.6.

Pooled analysis of trials reporting the eHect of EGFR MAb compared
to bevacizumab on toxicity (4 RCTs, 2133 participants) in KRAS exon
2 WT settings showed increased odds of overall grade 3 to 4 toxicity,
with incidence 72.4% (778/1074) in the EGFR MAb arm and 66.7%
(706/1059) in the bevacizumab arm (net diHerence +5.7%) (OR 1.37,
95% CI 1.09 to 1.72; P = 0.008). No important heterogeneity was

present (Chi2 = 3.80, df = 3, P = 0.28, I2 = 21%).

As only two studies (1673 participants) reported on the eHect of
EGFR MAb compared to bevacizumab on the rate of grade 3 to
4 diarrhoea, we did not undertake meta-analysis. Venook CALGB
80405 2014 reported rates of 10.8% (59/547) in the cetuximab group
and 8.4% (45/534) in the bevacizumab group. Heinemann FIRE-3
2014 reported rates of 11.4% (34/297) in the EGFR MAb group and
13.6% (40/295) in the bevacizumab group.

Three trials (1951 participants) reported on the eHect of EGFR MAb
compared to bevacizumab on the rate of grade 3 to 4 rash. Pooled
rates were 13.6% (134/983) in the EGFR MAb arm and 0.2% (2/968) in
the bevacizumab arm (net increase 13.4%) (OR 47.53, 95% CI 14.84

to 152.19). No important heterogeneity was present (Chi2 = 1.04, df

= 2, P = 0.60, I2 = 0%).

No trials specifically reported rates of grade 3 to 4 neutropenia.
However, Heinemann FIRE-3 2014 (592 participants) reported rates
of grade 3 to 4 haematotoxicity at 73/297 for the FOLFIRI with
cetuximab arm and 62/295 for the FOLFIRI with bevacizumab
arm. Rates of grade 3 to 4 neutropenic infection and neutropenic
fever (without infection) were 5/297 and 2/297 respectively for the
FOLFIRI with cetuximab arm, and 3/295 and 1/295 respectively for
the FOLFIRI with bevacizumab arm.

We did not perform analysis for toxicities specifically associated
with bevacizumab and not with EGFR MAb as this was not within
the scope of this review.

7. Comparing di>erent EGFR inhibitor agents or regimens

Six trials (evaluating 1708 participants) compared the use of one
EGFR inhibitor (EGFR-I) to another EGFR-I.

Bridgewater GAIN-C 2015 investigated the use of imgatuzumab
(GA201), a novel EGFR-directed monoclonal antibody, in 169
participants. KRAS exon 2 WT participants were randomised to
either the combination of FOLFIRI and GA201 or the combination
of FOLFIRI and cetuximab, whereas KRAS exon 2 MT participants
were randomised to either the combination of FOLFIRI and GA201
or FOLFIRI alone. Preliminary results from this study were reported

at ASCO GI 2015.(Bridgewater GAIN-C 2015). In KRAS exon 2 WT
participants, PFS was 7.3 months for the FOLFIRI and GA201 arm
versus 6.1 months for the FOLFIRI and cetuximab arm (HR 1.13, 95%
CI 0.69 to 1.86). In KRAS exon 2 MT participants, PFS was 5.2 months
for the FOLFIRI and GA201 arm versus 4.3 months for the FOLFIRI
arm (HR 0.94, 95% CI 0.57 to 1.54). Grade 3 rash (42.5% versus 9.8%
in KRAS exon 2 WT participants) and hypomagnesaemia (30.0%
versus 4.9% in KRAS exon 2 WT participants) were increased in
the GA201 groups, but no formal statistical comparisons were
performed for these measures.

Price ASPECCT 2014 directly compared monotherapy with
panitumumab to cetuximab in 1010 participants with
chemotherapy-refractory mCRC. Overall survival (HR 0.97, 95%
CI 0.84 to 1.11), PFS (HR 1.00, 95% CI 0.88 to 1.14), response
rate (OR 1.15, 95% CI 0.83 to 1.58), and grade 3 to 5 toxicity
(49% in panitumumab arm, 47% in cetuximab arm) did not diHer
significantly between the two groups.

Wasan COIN-B 2014 compared a strategy of intermittent mFOLFOX6
with cetuximab (with mFOLFOX6 with cetuximab ceased aSer 12
weeks and, assuming stable disease or better with initial treatment,
re-introduction of the same treatment on progression) with the
same strategy of intermittent mFOLFOX6 with cetuximab, but
with maintenance cetuximab in between these treatments, in 226
participants, although results have only been presented for 169
KRAS exon 2 WT participants. Failure-free survival was defined as
the time for participants to develop progressive disease aSer up
to two re-introductions of mFOLFOX6 with cetuximab. The median
failure-free survival of the maintenance cetuximab arm was 14.3
months compared to 12.2 months in the other arm. Median OS
was 17.5 months in the maintenance cetuximab arm, compared to
16.0 months in the other arm. No formal statistical analyses were
conducted.

Hickish 2014 investigated the use of afatinib in people with
mCRC aSer progression on oxaliplatin- and irinotecan-containing
chemotherapies. FiSy participants with KRAS exon 2 WT tumours
were randomised to afatinib (N = 36, arm 1) or cetuximab (N =
14, arm 2); 41 participants with KRAS exon 2 MT tumours were
assigned to afatinib (arm 3). The primary endpoint was response
rates, and confirmed response rates were 0/36 for arm 1, 2/14 for
arm 2, and 0/41 for arm 3. The median PFS was 46 days for arm
1, 144.5 days for arm 2, and 41 days for afatinib arm 3, without
formal statistical comparison. The median OS was 355 days for
arm 1, not reached for arm 2, and 173 days for arm 3, without
formal statistical comparison. Grade 3 to 4 toxicity was reported
in 36% of participants in arm 1, 36% of participants in arm 2, and
32% of participants in arm 3, with diarrhoea and rash being most
commonly reported.

Brodowicz 2013 compared the combination of FOLFOX4 and weekly

cetuximab (400 mg/m2 loading dose, 250 mg/m2 thereaSer) to the

combination of FOLFOX4 and fortnightly cetuximab (500 mg/m2) in
152 participants. No diHerences were noted in OS (HR 0.86, 95% CI
0.56 to 1.30), PFS (HR 0.92, 95% CI 0.63 to 1.34), or response rate
(53% versus 62%) (OR 1.40, 95% CI 0.74 to 2.66). Grade 3 to 5 toxicity
was reported in 72% of the weekly arm and 71% of the fortnightly
arm.

Similarly, Ma 2013 compared the combination of CAPOX and
continuous erlotinib (100 mg daily) to the combination of CAPOX
and intermittent erlotinib (150 mg on alternate days from day
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2 to 14, 150 mg daily on days 15 to 21) in 60 participants.
The primary endpoint, response rate, did not diHer significantly
between the two groups (66.7% in the intermittent arm, 56.7% in
the continuous arm). No diHerences were noted in OS (20.7 months
in the intermittent arm, 18.8 months in the continuous arm, P >
0.05, no HR or P value provided) and PFS (10.3 months in the
intermittent arm, 9 months in the continuous arm, P > 0.05, no
hazard ratio or exact P value provided).

We did not perform meta-analysis due to the clinical heterogeneity
between the trials with diHerent agents under investigation,
diHerent control arms, varying schedules of administration, and
diHerent prior lines of therapy.

8. The addition of EGFR TKIs to standard therapy

8.1 Progression-free survival

Two trials (evaluating 181 participants) investigated the addition
of EGFR TKIs to standard therapy. Santoro 2008 evaluated the
addition of gefitinib to FOLFIRI in the first-line setting. Progression-
free survival was not significantly improved (HR 0.87, 95% CI 0.72
to 1.04). Vincent 2011 investigated the addition of erlotinib to low-
dose capecitabine in the first-line setting. This trial was published
in abstract form only; whilst PFS was not reported, the median time
to progression was 7.9 months in the control arm versus 9.2 months
in the erlotinib arm (P = 0.89). We did not perform pooled analysis
due to the low number of trials.

8.2 Overall survival

Santoro 2008 showed no significant improvement in OS, with the
median OS being 18.6 months in the control arm and 17.1 months in
the gefitinib arm (HR 0.90, 95% CI 0.67 to 1.21). Vincent 2011 did not
report overall survival in the abstract. We did not perform pooled
analysis due to the low number of trials.

8.3 Tumour response rate

Only Santoro 2008 (99 participants) reported response rate. No
diHerence was observed with response rate 47.9% (23/48) in the
control arm and 45.1% (23/51) in the gefitinib arm. We did not
perform pooled analysis due to the low number of trials.

8.4 Adverse e-ects

Only Santoro 2008 investigated the eHect of adding EGFR TKI to
standard therapy on rates of overall grade 3 to 4 toxicity. The
incidence of overall toxicity increased from 52.1% (25/48) in the
control group to 68.6% (35/51) in the EGFR TKI group.

Both Santoro 2008 and Vincent 2011 investigated the eHect of
adding EGFR TKI to standard therapy on rates of grade 3 to 4
diarrhoea. The pooled incidence of diarrhoea increased from 3.4%
(3/88) in the control group to 31.2% (29/93) in the EGFR TKI group.

Only Santoro 2008 investigated the eHect of adding EGFR TKI to
standard therapy on rates of grade 3 to 4 rash and neutropenia. The
incidence of rash increased from 2.1% (1/48) in the control group
to 9.8% (5/51) in the EGFR TKI group. The incidence of neutropenia
increased from 22.9% (11/48) in the control group to 35.3% (18/51)
in the EGFR TKI group.

We did not perform pooled analysis due to the low number of trials.

9. The addition of EGFR inhibitors to the combination of
standard therapy and anti-angiogenic agent

9.1 Progression-free survival

See: Analysis 8.1; Figure 13.

 

Figure 13.   Forest plot of comparison: 8 EGFR inhibitors added to bevacizumab, outcome: 8.1 Progression-free
survival.

 
Six trials (1571 participants) investigated the eHect of the addition
of EGFR-I to bevacizumab, evaluating both EGFR MAb and EGFR
TKI. Johnsson Nordic ACT 2013 (phase III) enrolled participants
with KRAS unselected mCRC to receive the combination of
chemotherapy (clinician's choice of CAPOX, CAPIRI, mFOLFOX6,
or FOLFIRI) with bevacizumab. Those with stable disease or
better aSer 18 weeks of this therapy were randomised to either
erlotinib and bevacizumab or bevacizumab alone for maintenance
therapy. Progression-free survival was not significantly improved
with HR 0.78 (95% CI 0.55 to 1.12). Hagman ACT2 2014 (phase
III) similarly enrolled participants with KRAS exon 2 WT mCRC

who had stable disease or better on the first-line combination of
chemotherapy with bevacizumab. Participants were randomised
to either the combination of erlotinib and bevacizumab or
erlotinib for maintenance therapy. We pooled participants from
the above two studies for analysis, which again showed no
significant PFS benefit with HR 0.93 (95% CI 0.56 to 1.56).
KRAS MT participants were randomised to either bevacizumab or
capecitabine maintenance treatment, however this comparison
was not eligible for inclusion in the current review. Tournigand
DREAM 2015 (phase III) investigated the addition of erlotinib
to maintenance bevacizumab in participants who had stable

Epidermal growth factor receptor (EGFR) inhibitors for metastatic colorectal cancer (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

45



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

disease on bevacizumab-containing first-line chemotherapy for six
months. Progression-free survival was not significantly improved
with HR 0.79 (95% CI 0.60 to 1.06). Hecht PACCE 2009 (phase
III) investigated the addition of panitumumab to combined
chemotherapy and bevacizumab, stratifying analysis by type
of chemotherapy (oxaliplatin- or irinotecan-based). Given the
evidence that KRAS WT populations alone benefit from cetuximab,
only this population was included for the purposes of meta-
analysis of eHicacy results. For the oxaliplatin-based group, PFS
worsened in the investigational arm with HR 1.36 (95% CI 1.04
to 1.77). For the irinotecan-based group, PFS did not significantly
worsen with HR 1.50 (95% CI 0.82 to 2.76). We combined these two
subgroups of Hecht PACCE 2009 by random-eHects meta-analysis
to form hazard ratios for the overall study before pooled analysis
with the other studies. Tol CAIRO2 2008 (phase III) investigated
the addition of cetuximab to CAPOX with bevacizumab in the
first-line setting. Progression-free survival in the KRAS unselected
population worsened with HR 1.22 (95% CI 1.04 to 1.43). Given the
evidence that KRAS WT populations alone benefit from cetuximab,
we restricted analysis to the KRAS WT population, estimating PFS
HR from the published survival curve according to the methods
of Parmar 1998. Passardi ITACA 2015 (phase III) randomised
participants due for first-line therapy to physician's choice of
chemotherapy with bevacizumab versus the same chemotherapy.
The participants randomised to chemotherapy alone who were
KRAS exon 2 WT were eligible for a subtrial (included here)

investigating second-line chemotherapy with both bevacizumab
and cetuximab compared to second-line chemotherapy with
bevacizumab alone. This showed no significant diHerences in PFS
(HR 1.31, 95% CI 0.72 to 2.26) or OS (HR 1.39, 95% CI 0.78 to 2.49),
although only 56 participants were included.

Pooled analysis of the above trials (6 RCTs, 2012 participants)
showed that adding EGFR inhibitors to combined standard
therapy and bevacizumab did not significantly reduce the risk of
progression (HR 1.04, 95% CI 0.83 to 1.29; P = 0.73). However,

substantial heterogeneity was present in the above analysis (Chi2 =

14.50, df = 5, P = 0.01, I2 = 66%), likely due to the pooling of studies
using EGFR MAb on disease progression with those investigating
TKIs in the maintenance context. Removal of TKI maintenance

studies resulted in no important residual heterogeneity (Chi2 = 0.70,

df = 2, P = 0.71, I2 = 0%) (Hagman ACT2 2014; Johnsson Nordic ACT
2013; Tournigand DREAM 2015).

Given the diHerent treatments investigated in the above studies, we
undertook a sensitivity analysis evaluating the impact of removing
the TKI maintenance studies from the analysis. Progression-free
survival worsened with HR 1.28 (95% CI 1.09 to 1.51; P = 0.003).

9.2 Overall survival

See: Analysis 8.2; Figure 14.

 

Figure 14.   Forest plot of comparison: 8 EGFR inhibitors added to bevacizumab, outcome: 8.2 Overall survival.

 
Five trials (1257 participants) also investigated the eHect of adding
EGFR-I to combined chemotherapy and bevacizumab on overall
survival. Pooled analysis showed that the risk of death was not
reduced with HR 1.00 (95% CI 0.69 to 1.47; P = 0.98). Significant

statistical heterogeneity was present (Chi2 = 19.94, df = 4, P = 0.0005,

I2 = 80%), likely due to the pooling of studies investigating both
EGFR MAb and TKI in maintenance therapy, as above. We note
that removal of the TKI studies (as above) resulted in no important

residual heterogeneity (I2 = 0%). Although the random-eHects
model incorporates some of the heterogeneity among studies in the
analysis, the heterogeneity is not accounted for completely, and so
these results should be interpreted with caution, especially in view
of the the relatively small number of studies.

9.3 Tumour response rate

See: Analysis 8.3.

Only 4 trials (1310 participants) reported response rate (Hecht
PACCE 2009; Passardi ITACA 2015; Tol CAIRO2 2008; Tournigand
DREAM 2015). Pooled rates were 38.7% (253/653) in the control

arm and 42.6% (280/657) in the experimental arm, which were not
significantly diHerent (OR 1.20, 95% CI 0.67 to 2.12). Substantial

heterogeneity was present (Chi2 = 13.48, df = 3, P = 0.004, I2 =
78%), due to the pooling of trials investigating diHerent agents,
as above. Exclusion of the only TKI trial, Tournigand DREAM 2015,

still resulted in substantial heterogeneity (I2 = 72%). This remaining
heterogeneity may be due to clinical diHerences in the above
three trials. For instance, Hecht PACCE 2009 used panitumumab
as the EGFR MAb, whereas the other two studies used cetuximab.
The chemotherapy partner used in the three studies also diHered.
Hecht PACCE 2009 and Passardi ITACA 2015 used either FOLFOX
(any variant in Hecht PACCE 2009, FOLFOX4 in Passardi ITACA
2015) or FOLFIRI in addition to bevacizumab, whereas Tol CAIRO2
2008 used CAPOX alone without either use of 5-FU or irinotecan.
Given the paucity of studies in these analyses and their post hoc
nature, we cannot say definitively which of these factors was
responsible for the heterogeneity. Although the random-eHects
model incorporates some of this heterogeneity in the analysis, the
heterogeneity is not accounted for completely, and so these results
should be interpreted with caution.
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9.4 Adverse e-ects

See: Analysis 8.5; Analysis 8.6.

Three RCTs (1831 participants) reported on rate of overall grade
3 to 4 toxicity. For the purposes of evaluating adverse events, we
elected to include both KRAS exon 2 WT and KRAS exon 2 MT
participants from Hecht PACCE 2009 and Tol CAIRO2 2008. Overall
toxicity increased by 13.8% from 71.7% (653/911) in the control
arm to 85.5% (787/920) in the EGFR-I arm (OR 2.57, 95% CI 1.45

to 4.57). Substantial heterogeneity was present (Chi2 = 8.62, df

= 2, P = 0.01, I2 = 77%), possibly due to the pooling of studies
using EGFR MAb on disease progression and maintenance studies
using EGFR TKI. We note that two of the studies investigated EGFR
MAb and the third EGFR TKI; exclusion of the EGFR TKI study

resulted in considerable heterogeneity (I2 = 87%). Whilst multiple
clinical diHerences exist between Hecht PACCE 2009 and Tol CAIRO2
2008 (as discussed above), we could not identify one diHerence
as the primary contributor of heterogeneity. Given the significant
heterogeneity that could not be explained by planned subgroup
analyses, these results should be interpreted with caution.

Pooled analysis (5 RCTs, 2434 participants) showed that adding
EGFR-I to standard therapy and bevacizumab increased the rate of
grade 3 to 4 diarrhoea by 9.4% with incidence 11.0% (133/1210)
in the control arm and 20.4% (250/1224) in the EGFR-I arm (OR

2.58, 95% CI 1.44 to 4.64; P = 0.002). Substantial heterogeneity

was present (Chi2 = 10.99, df = 4, P = 0.03, I2 = 64%), likely
due to the diHerences in treatments investigated as described
above. Exclusion of EGFR TKI studies resulted in substantial residual

heterogeneity (I2 = 74%). Given the significant heterogeneity that
could not be explained by planned subgroup analyses, these results
should be interpreted with caution.

Pooled analysis (4 RCTs, 2363 participants) showed that adding
EGFR-I to standard therapy and bevacizumab increased the rate
of grade 3 to 4 rash by 28.4% with incidence 0.5% (6/1179) in the
control arm and 28.9% (342/1184) in the EGFR-I arm (OR 67.52, 95%

CI 30.83 to 147.85). No important heterogeneity was present (Chi2

= 2.00, df = 3, P = 0.57, I2 = 0%).

Two RCTs reported on rate of grade 3 to 4 neutropenia. Pooled
incidence rates were 20.5% (121/589) in the control arm and 20.1%
(120/598) in the EGFR-I arm. We did not perform pooled analysis
due to the low number of trials.

10. Quality of life

Only 8 of the 33 included trials reported quality of life, using various
measures, as summarised in the table below. We could perform no
separate analysis of quality of life in KRAS exon 2 MT participants
in the trials where detrimental outcomes from adding EGFR-I were
reported.

 

Study title # Partici-
pants

Intervention Control QoL instrument QoL effect

Seymour PIC-
COLO 2013

460 (KRAS ex-
on 2 WT)

Irinotecan
with panitu-
mumab

Irinotecan EORTC QLQ-C30 Global

EORTC QLQ-C30 Symptom
scores

EQ-5D

Dermatology Life Quality In-
dex

Significantly better in inter-
vention arm

Significantly worse in interven-
tion arm

Not reported

Not reported

Peeters 2010 597 (KRAS ex-
on 2 WT)

FOLFIRI with
panitumumab

FOLFIRI EQ-5D HSI and VAS assess-
ments

No significant differences de-
tected

Karapetis
CO17 2008

394 (KRAS ex-
on 2 WT)

Cetuximab Best support-
ive care

EORTC QLQ-C30 Significantly better in inter-
vention arm

Van Cutsem
CRYSTAL 2009

351 RAS WT
(1198 total)

FOLFIRI with
cetuximab

FOLFIRI EORTC QLQ-C30, Global
health status and social
functioning subscales

No significant differences de-
tected

Amado 2008 463 (KRAS un-
selected)

Panitumumab Best support-
ive care

EQ-5D VAS and selected
questions from NCCN FACT
or EORTC

No clinically meaningful differ-
ences in overall QoL were ob-
served between the groups

Douillard
PRIME 2010

456 RAS WT
(1183 total)

FOLFOX4 with
panitumumab

FOLFOX4 EQ-5D HSI and overall
health rating assessments

No significant differences de-
tected

Adams COIN
2011

1630 mFOFLOX6
with ce-
tuximab or

mFOLFOX6 or
CAPOX

EORTC QLQ-C30, EQ-5D,
Dermatology Life Quality In-
dex

Not reported as yet
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CAPOX with
cetuximab

Sobrero EPIC
2008

1298 (KRAS
unselected)

Irinotecan
with cetux-
imab

Irinotecan EORTC QLQ-C30 (reported
in KRAS unselected popula-
tion)

Improvement in global, phys-
ical, and emotional function-
ing, pain subscales favouring
intervention arm

 
Abbreviations: EQ-5D HSI: EuroQoL 5-Dimensions Health State
Index; EQ-5D VAS: EuroQoL 5-Dimensions Visual Analogue Scale;
NCCN FACT: National Comprehensive Cancer Network/Functional
Assessment of Cancer Therapy

11. Sensitivity analysis

We performed sensitivity analyses in the above analyses as
described in the Methods.

We conducted sensitivity analyses to investigate the impact of
excluding trials at high risk of bias from top-level analyses. We
noted no changes in significance of the above results in any of
the analyses. We have described sensitivity analyses excluding
individual trials identified as being the likely sole cause of
heterogeneity in the relevant sections above.

We also conducted best-case/worst-case analyses for binary
outcomes where trials had dropout rates exceeding 5%. The only
trial satisfying this criteria was Heinemann FIRE-3 2014; the results
of the analysis are described in section 6.3 above. As the endpoint
of toxicity was not aHected by participants lost to follow-up, no
sensitivity analysis was carried out for this endpoint.

D I S C U S S I O N

Summary of main results

We identified a total of 68 studies in this systematic review, of which
33 studies with a total of 15,250 participants were included in meta-
analysis.

The primary objective of this review was to examine the overall
eHects of EGFR-I (primarily EGFR MAb but also EGFR TKI) in
various populations. We opted to perform pair-wise analysis for the
majority of the review, except for sections where there were too
few studies to allow meta-analysis. We considered network meta-
analysis but did not think this was the appropriate choice for this
review because of the diHerent patient populations in the identified
trials, as well as the use of both adjusted and unadjusted analyses
in reported trials. This may be more feasible in an individual patient
data meta-analysis.

In general, the risk of bias in analyses was low to unclear. However,
we considered six of the studies as at high risk of bias primarily
due to the assessment of progression-free survival in a non-blinded
manner in open-label trials. Analysis of funnel plots revealed
overall low risk of publication bias.

Outcomes that relied on assessment of imaging for determination
of tumour response or progression were aHected by open-label
trials with investigator review of imaging without recourse to
centralised or blinded review (such as in the case of outcomes
1.1, 1.3, 2.1, and 2.3). In comparison, outcomes that did not rely

on investigator assessment (overall survival and neutrophil count
for determination of grade 3 to 4 neutropenia, for instance) were
not aHected by the open-label randomisation of all trials, and
consequently received assessments of low risk of bias (such as
for outcomes 1.2 and 1.7). Significant pharmaceutical funding was
present in a majority of trials (29 of 33). However, we felt that this
was unlikely to aHect interpretation of the trial results, except in the
case of Siena 2013.

The clinical scenario with the most trials and number of
participants was the addition of EGFR MAb to standard therapy
in the KRAS exon 2 WT population. The likelihood of tumour
progression was reduced (HR 0.70, 95% CI 0.60 to 0.82), with
PFS benefit present in all lines of therapy. When trials across
all lines of therapy were pooled in meta-analysis, there was

significant statistical heterogeneity (I2 = 76%). We note that the
pooled HR was 0.79 for first-line trials compared to 0.43 for third-
line trials, and this diHerential eHicacy may explain much of the
observed heterogeneity. However, there was still considerable

between-trial heterogeneity amongst the first-line trials (I2 = 66%),
which we thought was mainly due to the use of alternative 5-FU
regimens such as bolus infusion (FLOX) and one trial allowing either
infusional 5-FU or oral capecitabine (Adams COIN 2011). The issue
of whether chemotherapy partner choice aHects EGFR MAb eHicacy
is controversial, with some evidence pointing towards decreased
eHicacy of non-infusional regimens (Chan 2015). Addition of EGFR
MAb to standard therapy also reduced the risk of death in KRAS
exon 2 WT populations (HR 0.88, 95% CI 0.80 to 0.98). Significant
statistical heterogeneity was present, likely due to the grouping
of studies investigating EGFR MAb in diHerent lines of therapy.
However, the reduction in risk of death was not present when
considering trials grouped by individual lines of therapy. Given the
PFS benefit noted across all lines of therapy, this result may be
attributable to the high rate of cross-over in many trials, which
would dilute the 'real' benefit to overall survival from addition of
EGFR-I (whist not aHecting PFS).

The addition of EGFR MAb to standard therapy in KRAS exon 2 WT
participants increased the likelihood of tumour response with an
odds ratio of 2.41. Significant heterogeneity was again present,
likely attributable to varying lines of therapy where diHerent
degrees of benefit were observed (OR 1.73 in first-line compared
to OR 38.44 in third-line settings), which was probably due to
the fact that placebo was used as the control arm in third-line
trials, whereas combination chemotherapy was the control in first-
and second-line trials. Significant heterogeneity again remained
in the first-line subgroup of trials, which was likely due to the
pooling of trials using diHerent chemotherapy backbones. The
benefits of EGFR-I in KRAS exon 2 WT populations come at the cost
of increased toxicity (OR 2.45, 95% CI 2.07 to 2.89). Considering
specific toxicities, the risks of diarrhoea and rash were increased
but not the risk of neutropenia.
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For the above comparison, we considered the OS outcome to be
at low risk of bias, PFS and response rate at unclear risk of bias,
and the toxicity outcomes (not including neutropenia) as at high
risk of bias with corresponding downgrading in GRADE, which was
primarily due to the presence of significant measurement bias.
All included studies were open label in nature, and four of the
included studies relied on unblinded investigator imaging review
to determine PFS and response rate. Whilst there are unambiguous
objective guidelines to determine disease progression or tumour
response (RECIST), this does not fully eliminate the risk of bias
(e.g. in interpreting multiple new sub-centimetre nodules in the
lungs as granulomas rather than metastatic disease, or vice versa).
We felt that this was even more of a concern with the assessment
of toxicity. Toxicity was measured by the Common Terminology
Criteria for Adverse Events (CTCAE) criteria in most of the included
trials, but these criteria allow for subjective measurement of
severity of patient-reported symptoms, and hence influence the
rate of grade 3 to 4 toxicity. As neutropenia is an objective
laboratory measure with unambiguous cutoHs in CTCAE, we felt
that this was not susceptible to measurement bias in the same
manner. Significant heterogeneity was present in some analyses
such as PFS, but we felt that they were less likely to aHect certainty
regarding the underlying eHect given the magnitude of summary
benefit. Correspondingly, we considered the quality of evidence
for PFS, OS, and response rate to be high, and that of grade 3 to
4 overall toxicity, diarrhoea, and rash to be moderate due to risk
of bias. We downgraded the outcome of grade 3 to 4 neutropenia
for imprecision rather than risk of bias, which also resulted in a
judgement of the evidence as moderate quality. This comparison
had the largest number of participants, and generally (comparing
the same outcome across diHerent comparisons) had the highest
quality of evidence.

In comparison to KRAS exon 2 WT participants, no clinical
benefit was demonstrated in KRAS exon 2 mutant participants,
underscoring the importance of KRAS testing as a predictive
biomarker. There was no reduction in risk of progression from the
addition of EGFR-I (HR 1.03, 95% CI 0.89 to 1.20), nor reduction
in risk of death (HR 1.03, 95% CI 0.94 to 1.13). Although some
individual trials showed a detriment to PFS in the EGFR-I arm in
the KRAS exon 2 MT setting, no significant diHerences were noted
on meta-analysis. The odds of overall grade 3 to 4 toxicity were
not increased in KRAS exon 2 MT populations, although we note
the borderline P value (0.06) and the increase in grade 3 to 4
diarrhoea and rash. This highlights the toxicities that can result
from administering EGFR MAb to this population. Although the
'Risk of bias' assessments were similar to those for comparison 1
(i.e. low risk for OS, unclear risk for PFS and response rate, and
high risk for toxicity not including neutropenia), we noted that
one trial, Siena 2013, mandated input from the pharmaceutical
sponsor for multicentre publications, resulting in a high risk of
'other bias'. We downgraded two outcomes (PFS and overall
toxicity) due to the presence of significant heterogeneity. The
heterogeneity in PFS was probably attributable to the use of EGFR
MAb in diHerent lines of therapy with diHerent chemotherapy
partners, however the heterogeneity for overall toxicity had no
clear clinical explanation, and was perhaps due to diHerential dose
intensity of chemotherapy. We felt that, in the absence of clinically
compelling data and the lesser number of participants who were
KRAS exon 2 MT compared to KRAS exon 2 WT, it was reasonable
to downgrade outcomes 2.1 and 2.3. The smaller number of
participants also aHected the width of confidence intervals, with

overall toxicity and diarrhoea receiving further downgrading in
quality due to imprecision from low event numbers and wide
confidence intervals.

The publication of data in the last five years confirming extended
RAS testing (KRAS exon 2, 3, 4 and NRAS exon 3, 4) as a potential
predictive biomarker for EGFR MAb led us to amend the protocol
to include subgroup analyses by extended RAS status. As expected,
the use of EGFR MAb in extended RAS WT populations reduced the
risk of disease progression to a greater degree than seen in KRAS
exon 2 WT populations (HR 0.60, 95% CI 0.48 to 0.75 versus HR 0.70,
95% CI 0.60 to 0.82). Similarly, the reduction in risk of death was
numerically greater in the extended RAS WT population (HR 0.77,
95% CI 0.67 to 0.88) compared to the KRAS exon 2 WT population
(HR 0.88, 95% CI 0.80 to 0.98). However, due to limitations of the
pair-wise meta-analysis methodology we cannot conclude that the
benefit is statistically greater than in the KRAS exon 2 WT setting,
and investigation of this important clinical question unfortunately
lies outside of the current scope of this meta-analysis.

Significant heterogeneity was present both in the PFS (I2 = 61%) and

response rate analyses (I2 = 47%), which may be due to the pooling
of trials investigating cetuximab and panitumumab rather than
purely by line of therapy. The results for these outcomes should
be interpreted with caution given the above heterogeneity, and we
correspondingly downgraded the quality of the evidence by one
grade to moderate for these outcomes. In contrast, participants
with extended RAS mutant genotypes derived no benefit from
use of EGFR MAb; in fact, use in first-line settings increased the
risk of progression (HR 1.27, 95% CI 1.08 to 1.48). We considered
the evidence for all three outcomes with reported results as of
moderate quality, due to heterogeneity and imprecision. Whilst the
numbers of participants in these analyses were similar to those
in the RAS WT analyses, the fact that the summary hazard ratios
were closer to 1 (the point of no eHect) meant that two of the
intervals overlapped a point of no eHect and a point of clinical
significant harm (HR 1.25 for overall survival, 0.75 for response
rate). Given that the 95% CI encompasses these two diHerent
scenarios, we downgraded the outcomes of OS and response rate
due to imprecision. These data argue for the adoption of routine
extended RAS testing and the restriction of EGFR MAb use to
patients with this genotype.

The above results are consistent with modern-day clinical practice.
EGFR MAbs have been widely used in clinical management of
mCRC, based on results from the individual positive trials which
contributed to the overall positive results shown above. Assuming
availability and full funding, EGFR MAbs should be used in all
patients who are RAS WT and can tolerate the anticipated side
eHects due to the clearly demonstrated benefits to PFS, response
rate, and (to a lesser extent) OS. The side eHects of therapy diHer
from those of conventional chemotherapy; the most common 'new'
eHect is rash, with the rate increasing from 1% to 24% in the KRAS
exon 2 WT population. Whilst these side eHects should be treated
seriously and may impact on patients' quality of life, rash is readily
treatable with topical steroids and antibiotics (topical initially, with
oral antibiotics in severe cases). In our view, the noted increase in
toxicity should not be a deterrent to starting EGFR MAb in most
patients, given the demonstrated clinical eHicacy of these drugs
and the relatively limited number of treatment options for mCRC.
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We were unable to comment on the optimal line of therapy for
EGFR MAb use; although proportional benefits did seem greater
with third-line use, these patients generally have a poorer PFS
and OS with therapy (given that they have few chemotherapeutic
options), and further research will hopefully define whether EGFR
MAb should be used first-, second-, or third-line, as well as its
sequencing with bevacizumab (where available).

Due to the paucity of trials, meta-analysis was not possible in the
KRAS unselected population. Whilst Sobrero EPIC 2008 did report
a subsequent analysis by KRAS status, we note that only 300 of
1298 participants had KRAS results available, and that OS and PFS
data were incomplete (HRs only without 95% CIs). We had originally
considered incorporating such KRAS unselected trials in the main
analysis together with trials currently in section 1. However, we felt
that this was less appropriate given the widespread adoption of
KRAS testing and its eHect on both clinical practice and conduct
of subsequent trials. In any case, given the evidence cited above
for RAS testing as a prerequisite for EGFR MAb eHicacy, it seems
likely that all patients commenced on EGFR MAb will have prior RAS
testing. Funding for systematic RAS testing prior to EGFR MAb use is
critical to optimise the use of these expensive medications.

This review also examined the overall eHects of adding EGFR-I
(whether MAb or TKI) compared to adding another targeted agent.
As all identified trials compared EGFR MAb with bevacizumab,
bevacizumab was used as the comparator for meta-analysis. We
observed no diHerences in PFS (HR 1.02, 95% CI 0.93 to 1.12) or OS
(HR 0.84, 95% CI 0.70 to 1.01). We noted significant heterogeneity
in the OS analysis, likely due to the inclusion of a second-line
study, Hecht SPIRITT 2015, with potential diHerences in the patient
population as a result of prior first-line therapy and selection of a
patient cohort suitable for second-line therapy. The use of EGFR
MAb compared to bevacizumab increased the odds of tumour
response (OR 1.36, 95% CI 1.15 to 1.62) but also increased the
odds of overall grade 3 to 4 toxicity (OR 1.37, 95% CI 1.09 to 1.72).
InsuHicient data were available to comment definitively on the
rates of grade 3 to 4 diarrhoea and neutropenia, although the
odds of rash were increased. The major source of bias was again
measurement bias. Two of the four studies employed central or
blinded assessment of imaging; we judged the outcomes of PFS
and response rate as having unclear risk of bias, and OS as low
risk of bias. Again, we felt that toxicity was at high risk of bias in
the conduct of open-label studies and downgraded this outcome
accordingly. We downgraded the outcomes of OS and diarrhoea
for imprecision (given that the confidence interval encompasses
a point of significant diHerence with EGFR MAb and a point of no
eHect), and the outcome of diarrhoea a third time for inconsistency.

Another group of trials included in this review investigated the
addition of EGFR TKIs to standard therapy. Whilst due to the small
number of published trials we were unable to perform meta-
analysis, we note that neither trial showed improvements in PFS
or OS. InsuHicient data were available to comment on tumour
response rate or toxicity. The weight of evidence is therefore much
more marked for the use of EGFR MAb compared to EGFR TKI.

The final group of trials analysed investigated the addition of
EGFR-I (whether TKI or MAb) to the combination of bevacizumab
and chemotherapy in people with mCRC. We restricted eHicacy
analysis in EGFR MAb trials to KRAS exon 2 WT participants given
the evidence above supporting this in comparison 1. Unfortunately,
this meant that Tol CAIRO2 2008, which provided insuHicient detail

for OS outcomes in the KRAS exon 2 WT cohort, could not be
included in that analysis. The likelihood of tumour progression
was not reduced (HR 1.04, 95% CI 0.83 to 1.29). Significant
statistical heterogeneity was present, likely due to the pooling
of studies investigating both MAbs and TKIs. The likelihood of
death was not reduced (HR 1.00, 95% CI 0.69 to 1.47). The
odds of tumour response were not increased. The addition of
EGFR-I to chemotherapy plus bevacizumab did increase the odds
of grade 3 to 4 overall toxicity, diarrhoea, and rash but not
neutropenia. As only one of the six trials employed blinded or
central review, we judged the outcomes of PFS and response rate
(in addition to overall toxicity, rash, and diarrhoea) to be at high
risk of bias. In addition, we noted significant heterogeneity in the
PFS, OS, response rate, overall toxicity, and diarrhoea outcomes.
ASer investigation of multiple clinical diHerences, there was no
compelling clinical explanation for this heterogeneity, and we
further downgraded the quality of the evidence for outcomes with
significant heterogeneity. Heterogeneity is to some extent expected
in this analysis, which combines EGFR TKI with MAb, induction
with maintenance studies, and multiple therapeutic agents. We
considered not performing meta-analysis in this comparison, but
decided to proceed given the significant clinical eHort invested
in this topic. Although the quality of evidence is among the
lowest for the comparisons in this review, we feel that there is
enough evidence to show no benefit with addition of EGFR-I to
the combination of chemotherapy and bevacizumab, and potential
evidence of harm. The combination of EGFR-I, bevacizumab, and
chemotherapy is therefore not supported by the current evidence,
and we feel this topic does not deserve further investigation.

This meta-analysis has provided detailed examination of the
important questions regarding optimal use of EGFR-I in people with
mCRC receiving treatment in all lines of therapy. Trials varied in
agents used, whether EFGR-I were combined with chemotherapy
or used as monotherapy, and whether cross-over was allowed
(which may have aHected OS outcome). However, this body of work
provides strong rationale for use of EFGR MAbs and provides robust
and defensible outcomes of significance to patients.

Overall completeness and applicability of evidence

This review allowed complete evaluation of endpoints, some fully
and some partially. In terms of eHicacy endpoints, PFS and OS
have been well reported with suHicient statistical information
to allow meta-analysis. On the other hand, documentation of
toxicity, particularly overall grade 3 to 4 toxicity, rash, diarrhoea,
and neutropenia, in relevant subgroups is less complete, despite
attempts to contact study authors for more information. We have
therefore evaluated these secondary outcomes less completely.

The studies identified are relevant to the aims of this review and
the clinical needs of people with mCRC. As noted above, median
survival for mCRC without the use of biological agents is less than
24 months, but introduction of the biological agents (particularly
EGFR MAb and bevacizumab) have resulted in further incremental
benefit with median survivals in recent state-of-the-art sequencing
trials measured at 29 to 32 months (Heinemann FIRE-3 2014;
Venook CALGB 80405 2014). Two main questions face clinicians
today with unrestricted access to EGFR MAb: which populations
benefit most from EGFR MAb, and which lines of therapy in which
to oHer EGFR MAb. With respect to the first question, the data in the
current study support the use of EGFR MAb in people with extended
RAS WT genotypes. In view of the moderate-quality evidence for

Epidermal growth factor receptor (EGFR) inhibitors for metastatic colorectal cancer (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

50



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

lack of PFS and OS benefit in RAS mutant patients, combined with
the increased incidence of diarrhoea and rash noted in KRAS exon
2 MT patients, there is no clinical rationale for administering these
expensive drugs in patients with a RAS mutation. This is especially
the case when one considers the significant cost of EGFR MAb,
which may be up to USD 6000 per month for treatment (Schrag
2015).

There were significant variations among the included trials within
the broad scope of this review. Firstly, variation exists in terms of
the therapeutic agents investigated in trials. The majority of trials
investigated well-known EGFR MAbs in current clinical practice
(cetuximab, panitumumab) in addition to chemotherapy. However,
some trials also investigated novel EGFR MAb (imgatuzumab) as
well as EGFR TKI, a class of drugs that have been shown to
have eHicacy in metastatic non-small cell lung cancer but not
mCRC as yet. Other trials further sought to compare diHerent
EGFR agents, or diHerent dosage regimens of agents, such as in
Brodowicz 2013. Even in trials that investigated the same dose
of the same EGFR MAb, there are diHerences (sometimes allowed
in the same trial) in the chemotherapy partner, whether it be
the choice of fluoropyrimidine regimen (infusional 5-FU, bolus
5-FU, capecitabine) or fluoropyrimidine partner (oxaliplatin or
irinotecan). We have attempted to analyse the collected data by
action of EGFR inhibitor (MAb versus TKI), type of trial (addition of
EGFR in the intervention arm versus comparison of EGFR MAb to
bevacizumab versus comparison of EGFR agent with another EGFR
agent), and intervention arm (chemotherapy or best supportive
care versus the combination of chemotherapy and bevacizumab).

There was also considerable between-study variation in terms of
outcome reporting. The shiS towards registration of studies in the
public forum and registration of planned primary and secondary
outcomes in sites such as ClinicalTrials.gov have increased the
transparency with which planned outcomes are reported, and
thus aided in assessment of outcome reporting. Although allowing
preliminary reports (such as abstracts) in the inclusion criteria
increases the coverage of 'grey literature', it also increases the
number of studies that have not been completely reported to date.
Eight of the studies in this review were only reported in abstract
form, and thus could not be assessed completely in terms of
reporting bias. Two studies with published data have not reported
on all of their outcomes; one has not yet published quality of life
data (Wasan COIN-B 2014), and we await information from the
author regarding this data. The other, Siena 2013, was terminated
early and only response rate was reported despite initial plans
to evaluate other measures such as PFS and OS, leading to an
assessment of high risk of bias.

Quality of life data has in general been poorly collected and
reported throughout the included studies. This is obviously an
important issue for both patients and clinicians, for objective QoL
indices help determine whether the adverse events from EGFR MAb
treatment are outweighed by the known clinical benefit. Only 8 of
the 33 studies have thus far reported quality of life measures. Where
reported, the results have not allowed for quantitative synthesis;
P values were oSen reported as being more than or less than
0.05 without exact statistics either in the EQ-5D or EORTC QLQ-
C30 subscales to allow synthesis. In addition, there is little in the
way of QoL data by RAS status or other clinical subgroups (e.g. the
elderly may suHer more side eHects from EGFR MAb and have lower
QoL from treatment). This is a missed opportunity to collect data

to truly inform the patient about the anticipated eHects of these
treatments on their life. Some of the challenges with adopting QoL
measurements in trials is the additional time and cost required, as
well as the possibility in pharmaceutical-funded trials that negative
QoL impacts may delay registration of an agent. Be that as it may,
careful collection and full reporting of QoL outcomes is critical if
the scientific community is to move forward with patient-centred
care in mCRC, with the aim of using currently available modalities
to optimise the oSen diHicult patient journey in mCRC.

Follow-up and surgery also diHered slightly between diHerent
studies. Follow-up ranged from 13 to 50 months where this
was reported, with 11 studies not reporting median follow-up in
available publications (although a minority of these did report
other forms of follow-up). Given that many of the studies with
shorter follow-up reported a high proportion of events (either
progression or death) at conclusion of follow-up, we felt that these
periods of follow-up were reasonable to ensure accuracy of results.
Patients who were eligible for surgery at enrolment to an EGFR
MAb trial (e.g. the population in Primrose NEW EPOC 2014) were
excluded from our review, but one study included in our review,
Ye 2013, did enrol patients with liver-limited mCRC and measured
the percentage of patients who were converted to potentially
resectable disease.

Whilst some EGFR-I have entered mainstream clinical practice
(cetuximab and panitumumab in particular), others have not
yet progressed past the investigational setting. Even for trials
investigating the same drug, diHerent patient populations may
aHect the eHicacy of the investigated therapy. For example, there
is some evidence to suggest that the genomic profile of solid
tumours change with chemotherapy (Lee 2009), and that these
changes may aHect the eHicacy of diHerent anticancer treatments.
In addition, treatment with EGFR MAb may result in the emergence
of resistant clones (Mohan 2014), diminishing the therapeutic
benefit of subsequent EGFR-directed therapy.

We noted diHerences in follow-up between studies, which we
have described in the 'Summary of findings' tables. Most studies
utilised an intention-to-treat analysis model with censoring
on loss to follow-up and calculation of hazard ratios and
odds ratios using a Cox proportional hazards model. This
model allows for the estimation of survival percentages and
comparison of diHerent therapeutic regimens even in the context
of significant participant dropout or censoring. However, the
assumptions of non-informative censoring (i.e. censoring not
related to medical conditions such as progressive disease) and
proportional hazards (proportional hazard functions over time
between two patient strata) are present in this model, and violation
of these assumptions would make the Cox model less accurate.
In the context of controlled clinical trials with clearly defined
exclusion and censoring criteria, we feel that the first assumption
is valid. The second assumption - that of proportional hazards - is a
standard assumption in randomised oncology trials that we feel is
appropriate to this analysis.

In summary, there is vast between-study heterogeneity in trials of
EGFR inhibitors - in agents investigated, dosing schedules, clinical
characteristics of the patient population, risk of bias, follow-up, and
completeness of reporting.

In terms of applicability to current practice, the results of the KRAS
exon 2 WT analysis are consistent with the international practice
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of use of EGFR MAbs in this setting, but not in patients whose
tumours harbour a KRAS exon 2 mutation. The further improvement
of outcomes with EGFR MAbs aSer extended RAS testing is the
subject of evolving data. The relative eHicacy of bevacizumab
compared to EGFR-I, in combination with chemotherapy, remains
a controversial question with conflicting results of large phase III
randomised trials. However in our meta-analysis comparing EGFR-I
with bevacizumab, we found no significant diHerence in PFS or OS,
although tumour response rates were higher in participants treated
with cetuximab.

There is insuHicient data to subject the eHects of adding EGFR-
I TKI to standard therapy to meta-analysis. However, the limited
available data included in this review showed no evidence of
significant improvement in PFS, OS, or tumour response rate
in molecularly unselected participants, but increased toxicity
including grade 3 to 4 rash and diarrhoea.

The addition of EGFR-I to a combination of bevacizumab and
chemotherapy in people with KRAS exon 2 WT mCRC did not
significantly improve response rates, PFS, or OS, but did increase
toxicity including grade 3 to 4 rash and diarrhoea.

We feel that the methods used were statistically sound and
the results applicable to clinical practice. We restricted eligibility
to studies investigating patients with histologically confirmed
unresectable mCRC. Whilst sites of metastatic disease did not
necessarily require histological confirmation, this was the case
for all included trials. We believe that this standard is consistent
with clinical practice, and maximises the applicability of this
systematic review. The included studies satisfied the assumption of
proportional hazards, as they all investigated chemotherapy alone
(without surgery, radiotherapy, or liver-directed therapy as study-
mandated procedures), and generally randomised participants
well.

Quality of the evidence

The results included in this systematic review allow a robust
conclusion regarding the primary objective addressed in the
overview, that of progression-free survival with the addition of
EGFR-I in people with KRAS exon 2 WT genotypes. Similar high-
quality evidence was available for the outcomes of overall survival
and response rate, as well as the same outcomes in the extended
RAS WT population.

Lower-quality evidence was available for the outcomes of grade
3 to 4 overall toxicity, neutropenia, rash, and diarrhoea, as well
as quality of life. This is disappointingly true when considering
the last. Quality of life outcomes are paramount to people with
a life-limiting, incurable illness, who oSen undergo multiple
lines of therapy. Where reported, quality of life was oSen not
quantitatively presented, with undefined descriptions such as "no
clinically meaningful diHerences" and lack of P values common.
The reporting of quality of life needs to improve for more thorough
assessments about EGFR-I eHicacy to be made.

Lower-quality evidence was available regarding the eHicacy of
EGFR TKI in treatment of mCRC and the eHicacy of one EGFR-I
compared to another. These questions have not been explored as
thoroughly given the lack of significant diHerences between arms in
trials conducted thus far. Nevertheless, the current available data
do not provide justification for further clinical investigation of EGFR

TKI in unselected people with mCRC. However, it is reasonable to
further analyse the data from these or subsequent studies should
they be presented in detail in the future.

Potential biases in the review process

We acknowledge that several changes were made to the protocol in
consultation with the Cochrane Colorectal Cancer Group editorial
board aSer publication of the protocol. These include:

• decisions to focus on KRAS exon 2 WT populations for top-level
reporting of results (consistent with published literature and
clinical use since publication of protocol);

• inclusion of extended RAS analysis to the subgroup analysis.

While we believe the above changes increase the relevance of the
data and reflect the change in standard of care over the last few
years, this could have resulted in confirmatory bias, in that any
variations in results or heterogeneity are by default attributed to
KRAS/RAS status.

Our review is also biased by the decision to conduct a study-
level meta-analysis. An individual participant data meta-analysis
would provide participant-level information for each of the desired
outcomes, oHering increased accuracy and the ability to undertake
more thorough subgroup analyses. In addition, data regarding
randomisation processes and allocation concealment would be
fully available in an ideal international collaborative process
- information that remains incomplete in this review despite
attempts to contact authors for relevant information.

We considered the use of a network meta-analytic approach
to synthesise findings in this review, but did not find it to be
appropriate given the diHerent populations in the included trials.
For instance, the populations of first-line EGFR MAb naive patients
and patients with chemo-refractory disease with prior EGFR MAb
exposure have both diHerent prognoses and potentially diHerent
responsiveness to EGFR-targeting agents.

Agreements and disagreements with other studies or
reviews

1. We note that Vale and colleagues published a meta-analysis
on the eHicacy of EGFR MAb in mCRC and its relation to KRAS
status (Vale 2012). We agree with their conclusion that EGFR
MAbs result in PFS and OS benefit used alongside infusional 5-
FU-based regimens in KRAS exon 2 WT patients, but not in KRAS
exon 2 MT patients. However, we have added to their review
by including studies of EGFR TKI, evaluating EGFR-I eHicacy in
extended RAS analyses, and identifying 10 additional RCTs.

2. We also note that a meta-analysis was published investigating
the eHect of EGFR MAb on OS and PFS in mCRC patients
with extended RAS genotypes that concluded that EGFR
MAb in people with new RAS mutations was unlikely to
provide significant benefit (Sorich 2015). We agree with these
conclusions, although we again have included analyses of
studies investigating EGFR TKI in our systematic review.

3. A systematic review considering all EGFR-I trials together found
mixed evidence for eHicacy and increased toxicity in 128
identified studies (Rauw 2012). However, this review did not
undertake quantitative analysis.

4. We note a study published by the present authors showing
that the combination of EGFR MAb and oxaliplatin-based
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chemotherapy regimens may show improved eHicacy when
infusional 5-FU is part of the regimen (as opposed to bolus 5-
FU alone or capecitabine) (Chan 2015). However, the number
of studies analysed in these subgroups was relatively small. We
agree with the overall conclusion that EGFR MAbs improve PFS
in mCRC.

5. Finally, we note that a meta-analysis was published comparing
first-line EGFR MAb to first-line anti-VEGF agent in mCRC
(Khattak 2015). The authors concluded that first-line anti-EGFR
therapy improved OS and objective response rate more than
first-line anti-VEGF therapy in both KRAS exon 2 WT and extended
RAS WT populations with mCRC. We included a fourth study
(Hecht SPIRITT 2015), which was performed in the second-
line setting. We agreed that EGFR MAb improves objective
response rate compared to anti-VEGF agent, but disagreed on
the improvement of OS. A network meta-analysis on the same
topic, Kumachev 2014, also concluded that EGFR inhibitors
improved OS (but not PFS) in direct comparison to bevacizumab,
but that no significant diHerences were found either on indirect
or network meta-analysis. We note significant heterogeneity in
these analyses, meaning that any significant diHerence (even if
present) should be interpreted with caution. We also provided
a thorough 'Risk of bias' analysis of these trials, which was not
mentioned in the above papers.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The potential benefits from epidermal growth factor receptor
monoclonal antibodies (EGFR MAb) come at the cost of increased
odds of toxicity, in particular overall grade 3 to 4 toxicity, rash,
and diarrhoea. The lack of quality of life data makes it diHicult to
predict the impact of EGFR MAb on a patient's overall well-being.
As a result, the pros (improvement in eHicacy parameters) and cons
(increase in toxicity) of EGFR MAb therapy should be weighed with
a patient when considering the optimal treatment that best suits a
patient's treatment goals.

Comparing EGFR MAb to bevacizumab in combination with
standard therapy in KRAS exon 2 wild-type (WT) populations,
progression-free survival and overall survival are not improved, but
tumour response rate is increased. The odds of overall grade 3 to 4
toxicity are increased with EGFR MAb compared with bevacizumab.
In practice, this does not change the treatment paradigm in a
country where both EGFR MAb and bevacizumab are available
without restriction. In the RAS WT population, one is usually
used in the first line in combination with chemotherapy, and
the other is used in combination with another chemotherapy on
progression (e.g. FOLFIRI with cetuximab first line, then FOLFOX
with bevacizumab second line, or FOLFIRI with bevacizumab first
line, then FOLFOX with cetuximab second line). The choice of line in
which EGFR MAb is used, and the chemotherapy partner it is used
with, remain up to clinician preference at this point given the lack of
definitive evidence showing that choice of oxaliplatin or irinotecan
aHects EGFR MAb eHicacy.

This systematic review also has important implications on the
public rationing of EGFR MAb. Authorities are faced with the diHicult
task of balancing the provision of drugs to all who may potentially
benefit with a limited budget. As evidence of EGFR MAb eHicacy
is limited to RAS WT populations, the evidence supports limiting
provision of EGFR MAb to patients with this genotype. Given the lack

of benefit with EGFR MAb in KRAS mutant (MT) and extended RAS
MT populations, there is no clinical rationale for administration of
these drugs in this subgroup. The cost-benefit ratio of EGFR MAb,
optimal line of therapy, and comparison of cost-eHectiveness to
bevacizumab are important areas that fall outside the scope of this
review.

Considering the other areas of investigation, there is no evidence
that either EGFR MAb or bevacizumab is superior in combination
with chemotherapy. A full discussion of sequencing of these agents
for optimal benefit is again outside the bounds of this review.
Nevertheless, assuming that the agents are of equal cost, there
is no evidence to support restriction of EGFR MAb to a particular
line of therapy or bind its provision to prior bevacizumab exposure
(or lack thereof). However, it is clear that the addition of EGFR-I
to the combination of chemotherapy and bevacizumab in people
with KRAS exon 2 WT metastatic colorectal cancer does not improve
progression-free survival, overall survival, or tumour response rate
but does increase rates of toxicity (overall grade 3 to 4 toxicity,
grade 3 to 4 diarrhoea and rash) and may cause harm. The use
of EGFR MAb in addition to the combination of chemotherapy
and bevacizumab is therefore not supported by the current data.
Similarly, there is currently no evidence to support the use of EGFR
tyrosine kinase inhibitors in metastatic colorectal cancer (whether
in KRAS WT or MT populations), and their use should remain
investigational at present.

Implications for research

Basic research

The current impact of EGFR inhibitors on the genomic profile of
colorectal cancer in vivo is not well understood to date. Given
that multiple chemotherapeutic regimens and biological agents
are available for the treatment of metastatic colorectal cancer,
a more thorough understanding of these mechanisms will help
clinicians understand the potential impact, or lack thereof, inherent
in sequencing currently available therapies.

Given that KRAS has been thoroughly characterised as a predictive
biomarker for EGFR MAb, the functional role of NRAS and HRAS
needs further research.

Clinical research

An individual participant data meta-analysis on the same topic may
provide more robust trial data and allow for additional subgroup
analyses.

Given that both EGFR MAb and bevacizumab individually show
benefit when added to chemotherapy, but that the combination
of both in addition to chemotherapy does not, future trials should
not investigate the combination of EGFR MAb, bevacizumab, and
chemotherapy in people with metastatic colorectal cancer without
new preclinical data to suggest the eHicacy of this combination.

The strength of data for the predictive role of RAS in EGFR MAb (both
with regard to eHicacy in the KRAS WT setting and lack of eHicacy in
the KRAS MT setting) means that future trials of EGFR MAb should
mandate RAS testing and include RAS WT genotype as an inclusion
criterion.

All future clinical trials should measure and report quality of life.
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The question of optimal sequencing - of EGFR MAb and
bevacizumab, as well as of diHerent chemotherapeutic regimens
and the partnering of the two - should continue to be investigated.

The role of additional therapies in reversing EGFR MAb resistance
(e.g. the addition of vemurafenib or other B-Raf proto-oncogene,
serine/threonine kinase (BRAF)-targeting agents to EGFR MAb in
BRAF MT patients) is incompletely defined, and deserves further
investigation.

The emergence of newer data may influence future research
regarding optimisation of EGFR MAb use in metastatic colorectal
cancer. Recent data presented at American Society of Clinical
Oncology (ASCO) 2016 regarding Venook CALGB 80405 2014
suggests that cetuximab (compared to bevacizumab) may have
worse eHicacy for right-sided primaries but better eHicacy in leS-
sided primaries. This may be related to molecular diHerences
between the two locations such as CpG island methylator
phenotype (CIMP) and BRAF mutation status. Future research
regarding the impact of these factors on the eHicacy of cetuximab,
as well as the molecular correlations of right-sided and leS-sided
colon cancer, should be performed to optimise benefit to patients
from EGFR MAb use.

Given the lack of benefit from EGFR tyrosine kinase inhibitors in
currently published trials, it is questionable as to whether future
research into this area would be worthwhile.
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Methods Phase III open-label RCT; n = 1630

Participants Advanced colorectal cancer, first-line therapy

Interventions Arm A: mFOLFOX6 or CAPOX.

Arm B: mFOLFOX6 with cetuximab or CAPOX with cetuximab.

Arm C: intermittent mFOLFOX6 or CAPOX.

Adams COIN 2011 
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Arm C excluded from analysis given comparisons would not yield information regarding efficacy of
EGFR MAb.

Outcomes Primary outcome: OS in participants with KRAS exon 2 WT tumours.

Secondary outcomes: subgroup analyses for OS for KRAS/NRAS/BRAF status, OS for all participants,
PFS, ORR, toxic effects.

Notes Sponsored by MRC. TSM and RAA have received travel, accommodation, and lecture fees from Roche
and Merck Serono. Median follow-up 21 months in control arm, 23 months in cetuximab arm

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Central telephone randomisation was done by the MRC Clinical Trials Unit, us-
ing the method of minimisation with a random element. The minimisation fac-
tors were hospital, WHO performance status, chemotherapy regimen, previous
adjuvant chemotherapy, liver metastases, and peritoneal metastases. Partici-
pants were randomly assigned (1:1:1).

Allocation concealment
(selection bias)

Low risk Centralised randomisation after faxing details to central site (COIN protocol
from MRC website)

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Open-label trial (but see below)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Open-label trial. Participant symptoms were assessed by investigators
throughout treatment but primary outcome (OS) is not affected by open-label
nature.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Equal dropout: in KRAS exon 2 WT population 33/358 in arm A, 26/357 arm B.
Intention-to-treat analysis

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Low risk No other significant bias present.

Adams COIN 2011  (Continued)

 
 

Methods Phase III open-label RCT; n = 572

Participants Advanced colorectal cancer; prior treatment with fluorouracil, irinotecan, and oxaliplatin

Interventions Panitumumab vs best supportive care

Outcomes Primary endpoint: OS. Secondary endpoints: PFS, TRR, QoL (EORTC QLQ-C30), safety

Notes Funded by Amgen. Median follow-up 14.1 months for participants still alive. Amado: employment/lead-
ership position (Amgen), stock ownership (Amgen). Chang: employment/leadership position (Amgen),
stock ownership (Amgen)

Amado 2008 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No information available

Allocation concealment
(selection bias)

Unclear risk No information available

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Open label, but outcome assessment blinded (see below).

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Tumour response was assessed by the investigator and by an independent
central radiology review blinded to treatment and outcomes.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 91% had available KRAS tumour status results.

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Amado 2008  (Continued)

 
 

Methods Phase II open-label RCT; n = 338

Participants Nonresectable metastatic CRC

Interventions FOLFOX4 with cetuximab versus FOLFOX4

Outcomes Primary endpoint: tumour response rate. Secondary endpoints: exploratory only

Notes Funded by Merck KGaA. Funding: Bokemeyer: consultant/advisory role (Merck Serono), honoraria (Mer-
ck Serono, Sanofi-Aventis), research funding (Merck Serono); Koralewski: none declared.

Follow-up: 44.1 months (cetuximab arm), 31.8 months (standard arm)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation (1:1) was carried out using a stratified permuted-block proce-
dure, with ECOG PS (0 and 1 vs 2) as a stratification factor.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Bokemeyer OPUS 2009 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Open-label trial (but blinded review for primary outcome; see below)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The independent review committee conducted a blinded review of images and
clinical data using a common set of prespecified criteria.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 1/170 dropout in experimental arm, 0/168 in control arm

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Bokemeyer OPUS 2009  (Continued)

 
 

Methods Phase II RCT; n = 74

Participants Advanced/metastatic unresectable adenocarcinoma of colon or rectum, no prior chemotherapy

Interventions XELOX with cetuximab versus XELOX

Outcomes Primary outcome: objective response rate. No formal statistical comparisons planned.

Notes Funded by Merck, Sanofi-Aventis, Swiss government. Follow-up 17.2 months

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk "Randomized" - no further information given

Allocation concealment
(selection bias)

Unclear risk "Randomized" - no further information given

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Unclear as to blinding, but blinded review of primary outcome (see below)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk An independent response review was conducted by 2 radiologists and 1 med-
ical oncologist. The reviewers were blinded to the treatment arm and to the in-
vestigator's initial assessment.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No dropout

Borner 2008 
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Selective reporting (re-
porting bias)

Low risk Declared outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Borner 2008  (Continued)

 
 

Methods Phase II RCT; n = 169

Participants People with mCRC - progression post-first-line oxaliplatin-containing chemotherapy

Interventions KRAS exon 2 WT patients received either FOLFIRI with cetuximab or the combination of FOLFIRI and im-
gatuzumab (GA201). KRAS exon 2 MT patients received either FOLFIRI with GA201 or FOLFIRI alone.

Outcomes Primary endpoint: PFS. Secondary endpoint: response rate, duration of response, clinical benefit rate,
OS, safety profile, pharmacokinetics, pharmacodynamics

Notes Sponsored by Roche. Duration of follow-up not specified.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Abstract only

Allocation concealment
(selection bias)

Unclear risk Abstract only

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Open-label trial

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Abstract only

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Abstract only

Selective reporting (re-
porting bias)

Unclear risk Abstract only

Other bias Unclear risk Abstract only

Bridgewater GAIN-C 2015 

 
 

Methods Phase II RCT; n = 152

Participants People with KRAS exon 2 WT non-resectable mCRC, no prior treatment

Brodowicz 2013 
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Interventions Arm A: FOLFOX4 with cetuximab weekly. Arm B: FOLFOX4 with cetuximab fortnightly

Outcomes Primary endpoint: objective response rate. Secondary endpoints: progression-free survival, overall sur-
vival, disease control rate, and safety

Notes Sponsored by CECOG; CECOG received a medical grant/cetuximab from Merck. Follow-up not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised 1:1 stratified by study site, number of organs involved, and prior
adjuvant or neoadjuvant therapy

Allocation concealment
(selection bias)

Unclear risk No details given.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open label

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Best overall tumour response and PFS rates were assessed by the
investigator using RECIST version 1.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Equal dropout

Selective reporting (re-
porting bias)

Low risk Declared outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Brodowicz 2013  (Continued)

 
 

Methods Randomised controlled trial

Participants 340 people with KRAS exon 2 WT mCRC

Interventions All participants received first-line FOLFIRI with cetuximab, then proceeded on progression to FOLFOX
(exact FOLFOX regimen not specified) or FOLFOX with cetuximab.

Outcomes ORR, PFS

Notes Funding: Gruppo Oncologico dell' Italia Meridionale and Merck Serono. Ciardiello: advisory boards for
Merck Serono, Roche, Bayer, Lilly, Sanofi. Median follow-up 35.3 months

Risk of bias

Bias Authors' judgement Support for judgement

Ciardiello CAPRI-GOIM 2016 
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Random sequence genera-
tion (selection bias)

Low risk After progression from first-line therapy, the GOIM Clinical Trials Unit ran-
domised the participants centrally, using the method of minimisation with a
random element.

Allocation concealment
(selection bias)

Low risk After progression from first-line therapy, the GOIM Clinical Trials Unit ran-
domised the participants centrally, using the method of minimisation with a
random element.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Open-label study

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Details not available at time of review; authors being contacted for protocol

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 2/153 lost to follow-up

Selective reporting (re-
porting bias)

Low risk All planned endpoints reported.

Other bias Unclear risk Abstract only

Ciardiello CAPRI-GOIM 2016  (Continued)

 
 

Methods Phase III open-label RCT; n = 1183

Participants Metastatic colorectal adenocarcinoma, no prior chemotherapy

Interventions FOLFOX4 with panitumumab vs FOLFOX4

Outcomes Primary outcome: PFS. Secondary outcome: OS

Notes Funding: Amgen. Douillard: consultant/advisory role (Amgen, Sanofi-Aventis, Merck Serono), honoraria
(Amgen, Sanofi-Aventis). Gansert: employment/leadership position (Amgen), stock ownership (Amgen)

Follow-up 13.2 months FOLFOX4 with panitumumab, 12.5 months FOLFOX4

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomly assigned 1:1 to receive either panitumumab-FOL-
FOX4 or FOLFOX4. Random assignment was stratified by geographic region
(Western Europe, Canada, and Australia vs rest of the world) and ECOG PS (0 or
1 vs 2).

Allocation concealment
(selection bias)

Low risk No details in paper, but no significant baseline imbalance

Blinding of participants
and personnel (perfor-
mance bias) 

Low risk Open label (but blinded review of primary endpoint; see below)

Douillard PRIME 2010 
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All outcomes

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Objective tumour response was evaluated by blinded central radiology review.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No dropout rate reported. Results available for 93% participants.

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Douillard PRIME 2010  (Continued)

 
 

Methods Phase III randomised, open-label trial

Participants People with mCRC

Interventions All participants received first-line XELOX/XELIRI/mFOLFOX6/FOLFIRI with bevacizumab as well as
KRAS testing; those with stable disease or better after 18 weeks were randomised - if KRAS exon 2
WT, to maintenance bevacizumab and erlotinib; if KRAS exon 2 MT, to bevacizumab or continuous
capecitabine (500 mg twice daily).

Outcomes Primary endpoint: PFS at 3 months. Secondary endpoints: PFS, OS, toxicity

Notes Investigator-sponsored trial, supported by Roche, Skane County Council, Sweden, Futurm, and John
and Augusta Persson's Trust, Lund, Sweden. AJ: honoraria from Genentech. Median follow-up 34.5
months

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Block randomisation was used (2 arms, 2 strata = 4 strata groups), each block 4
participants, double block size.

Allocation concealment
(selection bias)

Low risk Allocation concealment was ensured as randomisation procedure was con-
ducted by a central co-ordinated randomising service provided by the regional
cancer centre in Skane/Lund, Sweden.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Open-label trial

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Whilst assessment of tumour response was undertaken using RECIST criteria,
measurement of lesions was performed in an open-label fashion by local radi-
ologists at the participating site.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Not stated, but only 2/233 participants withdrew consent. As 184/233 partici-
pants had documented death by time of publication, we feel that there is low
risk of attrition bias.

Hagman ACT2 2014 
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Selective reporting (re-
porting bias)

Low risk All endpoints reported.

Other bias Unclear risk Hagman and Johnsson: No declared conflicts of interest.

Hagman ACT2 2014  (Continued)

 
 

Methods Phase III open-label RCT; n = 1043

Participants People with mCRC, no prior chemotherapy

Interventions Chemotherapy (oxaliplatin- or irinotecan-based) plus bevacizumab plus panitumumab vs chemothera-
py plus bevacizumab

Outcomes Primary outcome: PFS. Secondary outcomes: TRR, OS, safety

Notes Supported by Amgen; Hecht: nil declared. Amado: employment/leadership position (Amgen), stock
ownership (Amgen)

Median follow-up 12.3 months oxaliplatin-based chemotherapy; 9.0 months irinotecan-based
chemotherapy

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk No details given (but blinded central review of primary endpoint).

Allocation concealment
(selection bias)

Low risk No details given (but blinded central review of primary endpoint and no base-
line imbalance).

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Open-label study, but blinded review of PFS as primary endpoint

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Central review censoring was based on the last available scan read centrally;
local review censoring was based on the last day of participant contact or visit
without known disease progression.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Composite of attrition, pregnancy, or other: 18/528 in intervention arm and
17/525 in control arm (Table A1, JCO 2008 appendix)

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Hecht PACCE 2009 
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Methods Phase III RCT; n = 182

Participants People with KRAS exon 2 WT mCRC, prior treatment with first-line chemotherapy containing oxaliplatin
and bevacizumab

Interventions FOLFIRI with panitumumab vs FOLFIRI

Outcomes Primary outcome: PFS. Secondary outcomes: OS, TRR, safety

Notes Supported by Amgen; follow-up not stated

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details regarding sequence generation in publication or protocol

Allocation concealment
(selection bias)

Unclear risk No details regarding allocation concealment in publication or protocol

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Open-label (but blinded assessment of endpoints - see below)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Assessments based on blinded central radiology review per modified RECIST
1.0

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No participants lost to follow-up

Selective reporting (re-
porting bias)

Low risk All endpoints reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Hecht SPIRITT 2015 

 
 

Methods Phase III multicentre RCT; n = 592

Participants People with mCRC, KRAS exon 2 WT

Interventions FOLFIRI with cetuximab vs FOLFIRI with bevacizumab

Outcomes Primary outcome: ORR. Secondary outcomes: OS, PFS, toxicity, secondary resection rate with curative
intent

Notes Study funded by Merck KGaA. Heinemann: financial grants to undertake study and prepare manuscript
(Merck KGaA), honoraria (Merck), financial grants to undertake clinical studies, honoraria, advisory
boards (Roche, Amgen, Sanofi). Stintzing: personal fees (Merck KGaA, Roche AG, Amgen GmbH, Sanofi-
Aventis).

Heinemann FIRE-3 2014 
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Median follow-up 33 months in cetuximab arm, 39 months in bevacizumab arm

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was done "using permuted blocks of randomly varying size".

Allocation concealment
(selection bias)

Low risk "done centrally via fax"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label study

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Assessments based on blinded central radiology review per modified RECIST 1.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Significant but balanced rate of "not assessable for response - other reasons"
in intention-to-treat population (28/297 FOLFIRI with cetuximab arm, 20/295
FOLFIRI with bevacizumab arm)

Selective reporting (re-
porting bias)

Low risk All findings reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Heinemann FIRE-3 2014  (Continued)

 
 

Methods Phase II multicentre, open-label RCT; n = 94

Participants People with mCRC, stratified by KRAS status

Interventions Afatinib (Arm A) vs cetuximab (Arm B) if KRAS exon 2 WT (n = 51); afatinib (single arm) if KRAS exon 2 MT
(n = 43)

Outcomes Primary outcomes: response rate in arms A and B, disease control rate in arm C. Secondary outcomes:
PFS, OS

Notes Funded by Boehringer Ingelheim. Hickish: no COI; Harrison: no COI

Follow-up not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Open label - no further details

Allocation concealment
(selection bias)

Unclear risk Open label - no further details

Hickish 2014 

Epidermal growth factor receptor (EGFR) inhibitors for metastatic colorectal cancer (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

76



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Open label - no further details

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Investigator-assessed primary endpoint (response rate); no mention of blind-
ing

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Dropout for primary endpoint 7/36 (Arm A), 5/15 (Arm B) - in majority as partic-
ipants "progressed rapidly after randomisation and did not have a follow-up
scan"

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Unclear risk No other significant bias present; funders did not have inappropriate influ-
ence.

Hickish 2014  (Continued)

 
 

Methods Phase III open-label RCT; n = 249

Participants People with mCRC after finishing first-line treatment with combined chemotherapy and bevacizumab

Interventions Combined erlotinib and bevacizumab vs bevacizumab

Outcomes Primary outcome: PFS. Secondary outcomes: OS, toxicity

Notes Supported by Roche Sweden, Futurum - the Academy for Healthcare, Jonkoping County Council, and
by the Skane Regional Council. Johnsson: presentation honoraria from Genentech.

Follow-up 36.8 months

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomised 1:1 - no further information

Allocation concealment
(selection bias)

Unclear risk No further information

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open label

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No independent radiology review was done.

Johnsson Nordic ACT 2013 
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Primary outcome reported when 131/159 participants progressed; 6 partic-
ipants (4 interventional, 2 control arms) withdrawn due to aim for curative
surgery.

Selective reporting (re-
porting bias)

Low risk All outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Johnsson Nordic ACT 2013  (Continued)

 
 

Methods Phase III RCT; n = 572

Participants People with mCRC, prior treatment with fluoropyrimidine, irinotecan, and oxaliplatin

Interventions Cetuximab vs best supportive care

Outcomes Primary outcome: OS. Secondary outcomes: PFS, TRR, quality of life

Notes Supported by National Cancer Institute of Canada, ImClone Systems, and Bristol-Myers Squibb. Kara-
petis: consulting fees (Merck Serono), Zalcberg: research grants (Amgen, Merck Serono, Bristol-Myers
Squibb, Alphapharm)

Median follow-up 14.6 months

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomisation was performed by the NCIC CTG central office with the use of
a minimisation method that dynamically balanced participants according to
stratification factors."

Allocation concealment
(selection bias)

Low risk "Randomisation was performed by the NCIC CTG central office with the use of
a minimisation method that dynamically balanced participants according to
stratification factors."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Open-label trial - but OS as primary endpoint would not be affected.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Assays of tissue samples for KRAS mutations were performed in a blinded fash-
ion by members of the Department of Clinical Biomarkers–Oncology at Bris-
tol-Myers Squibb, Hopewell, New Jersey.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 6/285 participants in supportive care-alone arm immediately withdrew their
consent. No dropout in cetuximab group reported (although 4/287 never re-
ceived cetuximab, analyses were intention-to-treat).

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Karapetis CO17 2008 
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Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Karapetis CO17 2008  (Continued)

 
 

Methods Phase II RCT; n = 60

Participants Inoperable metastatic colorectal cancer

Interventions The combination of continuous erlotinib and modified CAPOX (Arm A) versus the combination of inter-
mittent erlotinib and modified CAPOX (Arm B)

Outcomes Primary endpoint: ORR. Secondary endpoints: OS and PFS

Notes Investigator-initiated trial with departmental funding. Hoffmann-La Roche (capecitabine, erlotinib) and
Sanofi (oxaliplatin) provided drugs. Median follow-up 2.8 years

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised 1:1 via central computer

Allocation concealment
(selection bias)

Low risk Central allocation

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No details specified.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Assessed using RECIST criteria; no specification of blinding or otherwise

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No participants withdrew.

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Ma 2013 

 
 

Methods Phase III randomised, multicentre study

Participants 350

Interventions Drug: Arm A: FOLFIRI or FOLFOX4 with bevacizumab

Passardi ITACA 2015 
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Drug: Arm B: FOLFIRI or FOLFOX4

Drug: Arm D: FOLFIRI or FOLFOX4 with cetuximab

Drug: Arm F: FOLFIRI or FOLFOX4 with bevacizumab and cetuximab

Outcomes Primary outcome measures: PFS

Secondary outcome measures: ORR, OS, safety and tolerability

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Presented in abstract form only

Allocation concealment
(selection bias)

Unclear risk Presented in abstract form only

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Presented in abstract form only

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Presented in abstract form only

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Presented in abstract form only

Selective reporting (re-
porting bias)

Unclear risk Presented in abstract form only

Other bias Unclear risk Presented in abstract form only

Passardi ITACA 2015  (Continued)

 
 

Methods Phase III open-label RCT; n = 1186

Participants People with mCRC, with 1 prior chemotherapy regimen

Interventions FOLFIRI with panitumumab vs FOLFIRI

Outcomes Primary outcomes: PFS, OS. Secondary outcomes: TRR, duration of response, safety

Notes Supported by Amgen. Peeters: consultancy (Amgen), honoraria (Amgen), research funding (Amgen).
Gansert: employment/leadership (Amgen), stock ownership (Amgen). Median follow-up time was 13.3
months (range 0.2 to 31.7 months) in the KRAS exon 2 WT panitumumab-FOLFIRI arm, 10.2 months
(range 0.5 to 32.9 months) in the
KRAS exon 2 WT FOLFIRI arm, 10.5 months (range 0.2 to 30.1 months) in the KRAS exon 2 MT panitu-
mumab-FOLFIRI arm, and 9.5 months (range 0 to 31.7 months) in the KRAS exon 2 MT FOLFIRI arm.

Peeters 2010 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details specified.

Allocation concealment
(selection bias)

Unclear risk No details specified.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Open label (but assessment of endpoints blinded for PFS and not affected for
OS)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Tumour response was assessed by the investigator and by an independent
central radiology review blinded to treatment and outcomes.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No attrition data available, but PFS occurred in 178/303 (59%) of participants
in the FOLFIRI with panitumumab arm and 203/294 (69%) of participants in the
FOLFIRI arm, with median follow-up 13.3 months.

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Peeters 2010  (Continued)

 
 

Methods Phase III randomised, open-label, multicentre study

Participants 100 (early termination; initial plan for 1100)

Interventions FOLFOX4 with cetuximab vs FOLFOX4

Outcomes Primary outcome: OS. Secondary outcomes: PFS, response rate, safety

Notes Sponsored by Bristol-Myers Squibb. Langer: owns equity in and employed by Bristol-Myers Squibb. Fol-
low-up not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Abstract only

Allocation concealment
(selection bias)

Unclear risk Abstract only

Blinding of participants
and personnel (perfor-
mance bias) 

Unclear risk Abstract only

Poliko> EXPLORE 2005 
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All outcomes

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Abstract only

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Abstract only

Selective reporting (re-
porting bias)

Unclear risk Abstract only

Other bias Unclear risk Abstract only

Poliko> EXPLORE 2005  (Continued)

 
 

Methods Phase III open-label, multicentre RCT; n = 1010

Participants People with chemotherapy-refractory mCRC, KRAS exon 2 WT

Interventions Panitumumab vs cetuximab

Outcomes Primary endpoint: overall survival. Secondary endpoints: PFS, TRR, time to treatment failure, time to
response, duration of response, safety

Notes Study funded by Amgen. Price: advisory for Amgen. Sidhu: employee/stockholder of Amgen.

Median follow-up time, defined as the time from randomisation to the last on-study or long-term fol-
low-up visit, was 41.4 weeks (22.1 to 71.6) for panitumumab and 40.5 weeks (21.3 to 68.9) for cetux-
imab.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Using an automated interactive voice response system (ICON Clinical Re-
search, Dublin, Ireland), we randomly assigned patients (1:1) to either panitu-
mumab or cetuximab treatment. Randomisation was done using a permuted
block method and was stratified by geographical region (North America, west-
ern Europe, and Australia vs rest of the world) and ECOG performance status (0
or 1 vs 2)."

Allocation concealment
(selection bias)

Low risk Automated interactive voice response system

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Participants and investigators were not masked to treatment assignment
(open-label treatment) - but note overall survival as primary endpoint.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Participants and investigators were not masked to treatment assignment
(open-label treatment) - but note overall survival as primary endpoint.

Price ASPECCT 2014 
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Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 102/1010 participants lost to follow-up or withdrew consent

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Price ASPECCT 2014  (Continued)

 
 

Methods Phase II multicentre, open-label RCT

Participants mCRC, no prior chemotherapy for metastatic disease

Interventions Arm A: the combination of FOLFIRI and gefitinib. Arm B: FOLFIRI alone

Outcomes Primary outcome: TRR. No secondary outcomes specified.

Notes Designed as a non-comparative parallel-group trial. Sponsored by AstraZeneca. Median follow-up 14.5
months

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomised - no further details

Allocation concealment
(selection bias)

Unclear risk No further details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open label

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No specification of central or blinded assessment of imaging

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk ITT analysis for tumour response; withdrawal prior to this evaluation 2/48 in
FOLFIRI arm, 1/51 in combination arm. Subsequent withdrawal (other than
progressive disease) rates 12 (25%) in FOLFIRI arm and 18 (35.3%) in combina-
tion arm. Adverse events main reason: 6 (12.5%) in FOLFIRI arm, 15 (29.4%) in
combination arm

Selective reporting (re-
porting bias)

Low risk TRR reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Santoro 2008 
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Methods Phase II open-label, multicentre RCT; n = 285

Participants People with mCRC, KRAS exon 2 WT, no prior treatment for metastatic disease

Interventions mFOLFOX6 with panitumumab vs mFOLFOX6 with bevacizumab

Outcomes Primary outcome: PFS. Secondary outcomes: OS, safety

Notes Sponsored by Amgen. Schwartzberg: consultant (Amgen), honoraria (Amgen). Go: employment or lead-
ership (Amgen), stock ownership (Amgen)

Additional follow-up of participants alive 12 months after last enrolment, but median follow-up not re-
ported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random assignment was stratified by prior adjuvant oxaliplatin therapy using
permuted blocks (block size of 4).

Allocation concealment
(selection bias)

Low risk Randomisation through interactive voice response system (from protocol)

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label trial (see below)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Objective tumour response was evaluated by the investigator at each site us-
ing modified RECIST (version 1.0); no independent review was performed.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk ITT analysis for all randomised participants; dropout 1/142 panitumumab and
2/143 bevacizumab arm

Selective reporting (re-
porting bias)

Low risk All outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Schwartzberg PEAK 2014 

 
 

Methods Phase III open-label, multicentre RCT; n = 1198 (460 participants in Arms A and B below)

Participants Advanced inoperable colorectal cancer, progressed after fluoropyrimidine chemotherapy

Interventions The combination of irinotecan and panitumumab (Arm A) vs irinotecan alone (Arm B)

Outcomes Primary outcome: OS. Secondary endpoints: PFS, TRR, QoL, toxicity

Notes Cancer Research UK - independent peer review and feedback on protocols. Amgen - provided panitu-
mumab and educational grant.

Seymour PICCOLO 2013 
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Follow-up of participants still alive (n = 41): 25.4 months

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomisation was done with an automated telephonic system ... using a
computer-generated minimisation algorithm including a random element."

Allocation concealment
(selection bias)

Low risk Central computer-generated randomisation after registration

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Open-label trial but primary outcome (OS) not affected.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Primary endpoint of OS

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Equal dropout (4 withdrew in arm A, 4 in arm B)

Selective reporting (re-
porting bias)

Low risk All secondary endpoints reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Seymour PICCOLO 2013  (Continued)

 
 

Methods Phase II open-label study

Participants 42 people with KRAS exon 2 MT mCRC

Interventions Lenalidomide in combination with cetuximab (Arm 1), lenalidomide alone (Arm 2)

Outcomes Primary outcome(s): percentage of participants with dose-limiting toxicities during first treatment cy-
cle of safety lead-in period, response rate. Secondary outcomes: PFS, duration of response, disease
control rate, overall survival, treatment-emergent adverse events

Notes Sponsored by Celgene. Siena: member of advisory boards for Sanofi-Aventis, AstraZeneca, Roche,
Genentech, and Amgen, and was supported by Oncologia Ca’ Granda Onlus (OCGO) Fondazione. Josep
Tabernero has participated in advisory boards for Amgen, Celgene, Genentech, Merck-Serono, Novartis,
Roche, Sanofi-Aventis, and Symphogen.

Follow-up not reported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk "1:1 ratio" - no further information in publication

Siena 2013 
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Allocation concealment
(selection bias)

Unclear risk "1:1 ratio" - no further information in publication

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label trial

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk High risk for evaluation of dose-limiting toxicity given non-blinding of treat-
ment allocation

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Follow-up until progression in all participants except possibly 1 (2.4% "other
reasons" in phase IIB)

Selective reporting (re-
porting bias)

High risk All secondary outcomes (except treatment-emergent adverse events) not re-
ported due to early termination.

Other bias High risk Disclosure agreement restricting rights of principal investigator to discuss or
publish trial results after trial is completed as below (from ClinicalTrials.gov)

Restriction Description:

• Multicenter publication must include input from investigators and Celgene,
agreement to be established before publication

• Multicenter publication has priority over subset (single centre) publication,
for duration of 1 year after study completion

• Individual investigators have publication right after multicenter publication
is complete (or 1 year after study completion), whichever is first. In this case,
Celgene has the right to comment and right to ask delay of publication for
90 days

Siena 2013  (Continued)

 
 

Methods Phase III multicentre, open-label RCT, n = 1298

Participants 1298 people with mCRC, progression on first-line treatment containing fluoropyrimidine and oxali-
platin, evidence of EGFR expression on histology

Interventions Arm A: combination of irinotecan with cetuximab. Arm B: irinotecan

Outcomes Primary outcome: OS. Secondary outcomes: PFS, TRR (note these were measured using WHO criteria:
cutoff for objective response being 50% decrease from baseline sum of lesion diameters, cutoff for pro-
gressive disease being either 25% increase in the index-lesion area, progression of non-measurable le-
sions, or new lesions), QoL (EORTC QLQ-C30)

Notes Sponsored by Merck KGaA, Bristol-Myers Squibb, and ImClone Systems. Sobrero: consultant/advisory
(Merck KGaA, Pfizer, Roche, Sanofi-Aventis, Amgen), honoraria (Merck KGaA, Pfizer, Roche, Sanofi-Aven-
tis). Burris: consultant/advisory (Bristol-Myers Squibb), honoraria (Bristol-Myers Squibb).

Follow-up not reported, but results reported with 67% participants deceased.

Risk of bias

Bias Authors' judgement Support for judgement

Sobrero EPIC 2008 
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Random sequence genera-
tion (selection bias)

Unclear risk Randomised and stratified by study site and ECOG score (0 to 1 vs 2) - no fur-
ther details given

Allocation concealment
(selection bias)

Unclear risk No details given.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Open-label trial (but primary outcome OS)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Open-label trial (but primary outcome OS)

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Significant dropout rate (50/648 experimental, 43/650 control), but balanced

Selective reporting (re-
porting bias)

Low risk All findings reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Sobrero EPIC 2008  (Continued)

 
 

Methods Phase III multicentre, open-label RCT; n = 755

Participants People with mCRC, previously untreated

Interventions Capecitabine, oxaliplatin, bevacizumab, and cetuximab vs capecitabine, oxaliplatin, and bevacizumab

Outcomes Primary outcome: PFS. Secondary outcomes: OS, QoL, TRR

Notes Supported by the Dutch Colorectal Cancer Group (DCCG). The DCCG received grants for data manage-
ment and analysis from the Commissie Klinisch Toegepast Onderzoek of the Dutch Cancer Foundation
and unrestricted scientific grants from Roche, Merck Serono, Sanofi-Aventis, and DxS. Dr Tol reports re-
ceiving grant support from the Netherlands Organisation for Health Research and Development; and Dr
Punt, grant support from the Dutch Cancer Foundation and Roche and consulting fees from Roche and
Merck Serono. Median follow-up 23 months

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Central randomisation - as below

Allocation concealment
(selection bias)

Low risk Randomisation was performed centrally by a minimisation technique with
stratification according to serum lactate dehydrogenase level (normal or ab-
normal, according to the cutoff values of each individual centre), previous ad-
juvant chemotherapy (yes or no), number of affected organs (1 or more than
1), and treatment centre.

Tol CAIRO2 2008 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label trial

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk "Tumor response was assessed by the local investigators" - no report of cen-
tral review

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk ITT analysis; no details in paper

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Tol CAIRO2 2008  (Continued)

 
 

Methods Phase III RCT; n = 452

Participants People with unresectable mCRC after initial bevacizumab-including therapy (mFOLFOX7 with beva-
cizumab, CAPOX with bevacizumab, or FOLFIRI with bevacizumab)

Interventions Arm A: maintenance combination of bevacizumab and erlotinib. Arm B: maintenance bevacizumab

Outcomes Primary endpoint: maintenance PFS. Secondary endpoints: PFS from inclusion, OS, safety

Notes Sponsored by GERCOR and F. Hoffmann-La Roche. Tournigand: grants from Roche, Sanofi, Merck, Am-
gen, Bayer. de Gramont: personal fees for talks and participation in advisory boards from Roche and
Sanofi-Aventis

Median follow-up: 48 to 51 months

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The random allocation sequence was generated through a computer random
number generator.

Allocation concealment
(selection bias)

Unclear risk An unblinded randomisation (1:1) was done with a minimisation technique.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Open-label study

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk No statement of central or blinded review of imaging to determine PFS - await-
ing response from authors

Tournigand DREAM 2015 
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Not stated, but 6/228 participants in bevacizumab arm and 4/224 partici-
pants in bevacizumab + erlotinib arm discontinued treatment due to "patient
choice". In addition, long median follow-up and balance of participants char-
acteristics make significant attrition bias unlikely.

Selective reporting (re-
porting bias)

Low risk All outcomes reported.

Other bias Low risk No other potential biases detected.

Tournigand DREAM 2015  (Continued)

 
 

Methods Phase III multicentre, open-label RCT; n = 571

Participants People with mCRC, previously untreated

Interventions Nordic FLOX (Arm A), cetuximab and FLOX (Arm B), cetuximab with intermittent FLOX (Arm C)

Outcomes Primary outcome: PFS. Secondary outcomes: OS, TRR, R0 resection rate, safety

Notes We ignored Arm C in our analysis as cannot separate effect of intermittent FLOX from that of cetuximab.

Supported by Merck Serono (Darmstadt, Germany), Sanofi-Aventis (Oslo, Norway), the Norwegian Can-
cer Society, and the Swedish Cancer Society (Cancerfonden). Tveit: research funding (Merck Serono);
Christoffersen: nil

Follow-up not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomised and stratified by centre, but no further details in article or at-
tached protocol

Allocation concealment
(selection bias)

Unclear risk Randomised and stratified by centre, but no further details in article or at-
tached protocol

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label trial

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Progression assessed by unblinded investigators.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 449/498 (90%) of participants had recorded progression overall: 90% of Arm A
and 89% of Arm B participants; no specific details regarding dropout.

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Tveit NORDIC VII 2012 
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Methods Phase III open-label, multicentre study; n = 1198

Participants People with mCRC, EGFR-positive on histology, no prior chemotherapy

Interventions FOLFIRI with cetuximab vs FOLFIRI

Outcomes Primary outcome: PFS. Secondary outcomes: OS, TRR, safety

Notes Supported by Merck (Darmstadt). Dr Van Cutsem reports receiving consulting or advisory fees from
Amgen, Merck (Darmstadt), Pfizer, Roche, and Sanofi-Aventis; lecture fees from Amgen, Merck (Darm-
stadt), Roche, and Sanofi-Aventis; and grant support from Merck (Darmstadt) and Roche; Dr Rougier,
consulting or advisory fees from Merck (Darmstadt), Pfizer, Roche, and Sanofi-Aventis and lecture fees
from Merck (Darmstadt), Pfizer, and Sanofi-Aventis.

The median duration of follow-up was 29.9 months (95% CI 29.1 to 30.5) with cetuximab plus FOLFIRI
and 29.4 months (95% CI 28.8 to 30.4) with FOLFIRI alone.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Stratified permuted-block procedure"

Allocation concealment
(selection bias)

Unclear risk No details in paper

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Open-label trial (but see below)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk "An independent review committee performed a preplanned, blinded, retro-
spective review ... to determine the day of progression and the best overall re-
sponse"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 7 participants were lost to follow-up: 2 in the cetuximab-FOLFIRI group (n =
599), and 5 in the FOLFIRI group (n = 599).

Selective reporting (re-
porting bias)

Low risk All stated outcomes reported.

Other bias Low risk No other significant bias present; funders did not have inappropriate influ-
ence.

Van Cutsem CRYSTAL 2009 

 
 

Methods Phase III RCT; n = 1137

Participants Metastatic colorectal cancer, no prior chemotherapy, KRAS exon 2 WT

Venook CALGB 80405 2014 
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Interventions Fluorouracil-based chemotherapy (FOLFIRI or mFOLFOX6) with cetuximab versus fluorouracil-based
chemotherapy with bevacizumab

Outcomes Primary endpoint: OS. Secondary endpoints: PFS, toxicity, expanded RAS analysis

Notes Sponsored by Alliance for Clinical Trials in Oncology, National Cancer Institute, Southwest Oncology
Group, Bristol-Myers Squibb, Aptuit

Follow-up 40 months

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random treatment assignments for KRAS WT participants were generated ac-
cording to randomly permuted blocks within strata.

Allocation concealment
(selection bias)

Low risk Randomised by central site (web based) after completion of registration and
details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Open-label, but primary endpoint of OS

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Open-label, but primary endpoint of OS

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Abstract form only

Selective reporting (re-
porting bias)

Unclear risk Abstract form only

Other bias Unclear risk Insufficient information in presentation to determine whether other biases are
likely

Venook CALGB 80405 2014  (Continued)

 
 

Methods Phase II randomised trial; n = 95

Participants People with mCRC, opting against combination chemotherapy or not a candidate for combination
chemotherapy

Interventions Arm A: combination of capecitabine (1 g/m2 twice daily, days 1 to 14 every 3 weeks) and erlotinib (150
mg daily). Arm B: capecitabine alone. Arm C: erlotinib alone

Outcomes Primary outcome: time to disease progression. Secondary outcomes: TRR, OS, safety, QoL

Notes No information about funding, potential conflicts of interest, or follow-up available

Risk of bias

Vincent 2011 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details given, abstract only.

Allocation concealment
(selection bias)

Unclear risk No details given, abstract only.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No details given, abstract only.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No details given, abstract only.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No details given, abstract only.

Selective reporting (re-
porting bias)

Unclear risk No details given, abstract only.

Other bias Unclear risk Insufficient information in poster to determine whether other biases are likely

Vincent 2011  (Continued)

 
 

Methods Phase II randomised, open-label trial; n = 226 (169 KRAS exon 2 WT)

Participants People with advanced colorectal cancer, no prior chemotherapy for metastases

Interventions Intermittent mFOLFOX6 with cetuximab (ceased after 12 weeks; assuming stable disease or better, re-
introduction of mFOLFOX6 with cetuximab on progression) versus continuous mFOLFOX6 with cetux-
imab (same as intermittent mFOLFOX6 with cetuximab, with maintenance cetuximab in between peri-
ods of mFOLFOX6 with cetuximab)

Outcomes Primary outcome: failure-free survival at 10 months (in participants who had completed initial 12
weeks of mFOLFOX6 with cetuximab). Main secondary outcomes: Overall survival, progression-free sur-
vival in the interval

Notes Funded by UK Medical Research Council and Merck KGaA. Wasan: advisory boards, educational meet-
ings (as faculty and speaker) for Merck KGaA. TM: grants, personal fees, non-financial support from Mer-
ck KGaA unrelated to this study

Follow-up 32.8 months in intermittent cetuximab group, 34.2 months in continuous cetuximab group

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The MRC Clinical Trials Unit did the randomisation by telephone, using the
method of minimisation with a random element. The minimisation factors
were hospital, WHO performance status, previous adjuvant chemotherapy,
liver metastases, and peritoneal metastases. Participants were randomly as-

Wasan COIN-B 2014 
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signed (1:1) to intermittent chemotherapy plus intermittent cetuximab or in-
termittent chemotherapy plus continuous cetuximab.

Allocation concealment
(selection bias)

High risk Treatment allocation was not masked.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Open-label trial

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk "We did not confirm responses with repeat scans nor did we do central radio-
logical review."

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 3/130 participants in primary outcome population lost to follow-up

Selective reporting (re-
porting bias)

High risk Data for KRAS exon 2 MT participants not yet published; quality of life data not
yet published

Other bias Low risk No other significant bias present

Wasan COIN-B 2014  (Continued)

 
 

Methods Randomised controlled trial; n = 138

Participants People with unresectable liver metastases from colorectal cancer, KRAS exon 2 WT

Interventions Arm A: the combination of chemotherapy (FOLFIRI or mFOLFOX6) and cetuximab. Arm B: the same
chemotherapy alone

Outcomes Primary endpoint: rate of participants converted to resection for liver metastases. Secondary end-
points: tumour response, survival

Notes Supported by Key Projects of the Clinical Disciplines, administered by the Ministry of Health. Ye and Xu
- no conflicts of interest

Median follow-up 25 months

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated

Allocation concealment
(selection bias)

Unclear risk Not stated

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Low risk as outcomes (blinded assessment of resectability, overall survival)
not susceptible to performance bias

Ye 2013 
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Assessment of primary endpoint by > 3 liver surgeons blinded to clinical data

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Low attrition: 1/70 Arm A, 2/68 Arm B

Selective reporting (re-
porting bias)

Low risk All outcomes reported.

Other bias Low risk No other significant bias present

Ye 2013  (Continued)

CI: confidence interval
COI: conflicts of interest
CRC: colorectal cancer
ECOG PS: Eastern Cooperative Oncology Group Performance Status
EGFR: epidermal growth factor receptor
ITT: intention to treat
MAb: monoclonal antibodies
mCRC: metastatic colorectal cancer
MRC: Medical Research Council
MT: mutant
ORR: objective response rate
OS: overall survival
PFS: progression-free survival
QoL: quality of life
RCT: randomised controlled trial
RECIST: Response Evaluation Criteria in Solid Tumours
TRR: tumour response rate
WHO: World Health Organization
WT: wild type
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Cunningham BOND 2004 We excluded this randomised controlled trial as it compared participants receiving a combination
of cetuximab and irinotecan with those receiving cetuximab alone. As cetuximab was given in the
same dose to both arms, the study design did not allow assessment of EGFR inhibitor efficacy.

Liu 2015 This trial investigated the addition of both panitumumab and bevacizumab to FOLFIRI chemother-
apy, and thus did not meet the inclusion criteria for this review. The fact that both drugs were
added in the investigational arm means that the effect of panitumumab cannot be accurately dis-
cerned.

NCT00950820 This study, which planned to compare the combination of CAPOX and panitumumab with CAPOX
alone in people with KRAS unselected metastatic colorectal cancer, was terminated after only 9
participants were accrued, with no published results and no plans to continue the trial.

Personeni 2013 Study amended to single-arm design.

Primrose NEW EPOC 2014 Enrolment restricted to people with resectable disease.
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Study Reason for exclusion

Saltz BOND2 2007 Similarly to Cunningham 2004, this study compared the combination of cetuximab, bevacizumab,
and irinotecan to cetuximab and bevacizumab alone, meaning that assessment of EGFR inhibitor
efficacy was not feasible.

EGFR: epidermal growth factor receptor
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Phase I/II multicentre randomised controlled trial

Participants People with EGFR-positive mCRC

Interventions Dose-escalated schedule of cetuximab vs standard dose of cetuximab

Outcomes Main objective: to compare in skin biopsies the effects of a cetuximab dose escalation regimen with
a standard cetuximab regimen on EGFR and downstream signalling pathway markers. Secondary
objectives: incidence of grade 2+ skin toxicity, efficacy (not further specified), safety, tolerability,
molecular markers, pharmacokinetics

Notes Trial name EVEREST; listed as completed but no publicly available information to determine classi-
fication. Awaiting reply to correspondence

EVEREST 2004 

 
 

Methods Phase II open-label, randomised study

Participants People with KRAS exon 2 WT mCRC progressing on/after oxaliplatin-containing chemotherapy

Interventions FOLFIRI plus duligotuzumab (an antibody directed against EGFR and HER3) vs FOLFIRI plus cetux-
imab

Outcomes Primary endpoint: efficacy. Secondary endpoints: safety and tolerability

Notes  

Hill 2015 

 
 

Methods Phase II randomised study

Participants People with KRAS WT mCRC whose disease progressed on first-line treatment with fluoropyrimi-
dine-based chemotherapy and bevacizumab

Interventions mFOLFOX or FOLFIRI (the one not used in first-line treatment) with bevacizumab vs mFOLFOX or
FOLFIRI (the one not used in first-line treatment) with cetuximab

Outcomes Primary endpoint: PFS at 4 months. Secondary endpoints: response rate, median PFS, OS, safety,
quality of life (EORTC QLQ-C30)

Notes  

Hiret 2016 
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Methods Phase III randomised controlled trial

Participants People with KRAS exon 2 WT mCRC, no prior administration of anti-EGFR agents

Interventions Panitumumab + best supportive care vs best supportive care

Outcomes Primary endpoint: OS in people with KRAS exon 2 WT mCRC. Secondary endpoints: OS in subgroup
of patients with WT RAS mCRC and PFS and safety in both WT populations.

Notes Report published in BJC 2016 (PMC5104888).

Kim 2016 

 
 

Methods Phase II randomised study

Participants People with KRAS exon 2 WT mCRC

Interventions Induction treatment with FOLFOXIRI and cetuximab for all participants with re-evaluation after 8
cycles; participants deemed unsuitable for resection (with stable disease or better) are then ran-
domised to maintenance bevacizumab or cetuximab

Outcomes Primary outcome: 10-month progression-free rate. Secondary outcomes: best overall response
rate, 10-month resection rate, time to strategy failure, time to second progressive disease, PFS, OS,
toxicity rate, overall toxicity rate

Notes  

MACBETH 2016 

 
 

Methods Phase II open-label, randomised study

Participants People with mCRC, progressing after first-line FOLFIRI with cetuximab

Interventions FOLFOX with cetuximab vs FOLFOX

Outcomes Primary endpoint: response rate. Secondary endpoints: OS and time to disease progression

Notes Trial name TAGUS; listed as prematurely ended but no publicly available information to determine
classification. Awaiting reply to correspondence

TAGUS 2009 

EGFR: epidermal growth factor receptor
mCRC: metastatic colorectal cancer
OS: overall survival
PFS: progression-free survival
WT: wild type
 

Characteristics of ongoing studies [ordered by study ID]
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Trial name or title Assessment of tumour response and resection rates in unresectable metastatic colorectal liver
metastases following cetuximab with neoadjuvant chemotherapy

Methods Prospective randomised study, n = 152

Participants Nonresectable metastatic CRC, KRAS exon 2 WT

Interventions Arm A: the combination of chemotherapy (FOLFIRI or mFOLFOX6) and cetuximab. Arm B: the same
chemotherapy alone

Outcomes Response rate, R0 resection rate of liver metastases, perioperative morbidity, overall survival, pro-
gression-free survival

Starting date Not stated

Contact information K Ashwin, Manipal Comprehensive Cancer Center, Surgical Oncology, Bangalore, India

Notes Some statistics reported in the referenced abstract, but given that these are statistically inconsis-
tent, we decided to await the final publication (see text).

Ashwin 2014 

 
 

Trial name or title Achievement of Improved Survival by Molecular Targeted Chemotherapy and Liver Resection for
Not Optimally Resectable Colorectal Liver Metastases (ATOM)

Methods Phase II open-label, randomised, parallel trial

Participants 120 people with KRAS exon 2 WT (Protocol 1.0 to 1.2) or RAS WT (Protocol 2.0) mCRC

Interventions mFOLFOX6 plus bevacizumab versus mFOLFOX6 plus cetuximab

Outcomes Primary endpoint: PFS. Secondary endpoints: response rate, tumour shrinkage rate at 8 weeks, liv-
er resection rate, R0 liver resection rate, PFS, time to treatment failure, OS, quality of life, incidence
of adverse events, PFS among RAS WT subpopulation

Starting date May 2013

Contact information Tasumi Shimizu +81-3-5684-7767

prj-atomdc@eps.co.jp

Notes ATOM ES (NCT01834014) is an exploratory substudy of ATOM investigating predictive/prognostic
biomarkers in the above cohort.

ATOM 

 
 

Trial name or title CAIRO5

Methods Randomised, open-label trial

Participants 640 people with unresectable mCRC and liver-only metastases

CAIRO5 
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Interventions Participants with RAS MT tumours will be randomised between doublet chemotherapy (FOLFOX or
FOLFIRI) plus bevacizumab (schedule 1), and triple chemotherapy (FOLFOXIRI) plus bevacizumab
(schedule 2). Participants with RAS WT tumours will be randomised between doublet chemothera-
py (FOLFOX or FOLFIRI) plus either bevacizumab (schedule 1) or panitumumab (schedule 3).

Outcomes Primary outcome: PFS. Secondary outcomes: R0/1 resection rate, median OS, response rate, toxic-
ity (CTCAE version 4.0), rate of pathological complete response, postoperative morbidity, correla-
tion of evaluation by panel with outcome

Starting date June 2014

Contact information Dutch Colorectal Cancer Group

Notes  

CAIRO5  (Continued)

 
 

Trial name or title Study of medical treatment reactivity by the chemokine receptor (CXCR4) as 1st line treatment in
patients with metastatic colorectal cancer (CREPAS)

Methods Phase II open-label, randomised study

Participants People with KRAS exon 2 WT mCRC

Interventions mFOLFOX6 with bevacizumab (Arm A), mFOLFOX6 with panitumumab (Arm B); stratified by CX-
CR4-CEC >= 20 vs CXCR-CEC < 20 (no further explanation given in trial record)

Outcomes Primary endpoint: PFS. Secondary endpoints: safety profile, OS, time to treatment failure, response
rate

Starting date July 2012

Contact information Satoshi Matsusaka, The Cancer Institute Hospital of JFCR, Department of Gastroenterology, 3-8-31,
Ariake, Koto, Tokyo 135-8550

Notes  

CREPAS 

 
 

Trial name or title A Randomized Phase II Study to Investigate the Deepness of Response of FOLFOXIRI Plus Cetux-
imab (Erbitux) Versus FOLFOXIRI Plus Bevacizumab as the First-line Therapy in Metastatic Colorec-
tal Cancer Patients With RAS Wild-type Tumors: DEEPER

Methods Phase II open-label, randomised study

Participants People with RAS WT mCRC

Interventions Experimental: the combination of FOLFOXIRI and cetuximab. Comparator: the combination of FOL-
FOXIRI and bevacizumab

Outcomes Primary outcome: best depth of response. Secondary outcomes: rate of tumour shrinkage at 8
weeks, response rate, deepness of response, OS, PFS, rate of curative resection of metastases,
number of adverse events

DEEPER 
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Starting date August 2015

Contact information Toshifusa Nakajima, MD, Japan Clinical Cancer Research Organization

Notes JPRN-UMIN000018412 is the adjunct biomarker study to DEEPER.

DEEPER  (Continued)

 
 

Trial name or title FIRE-4: Randomised study of the efficacy of cetuximab rechallenge in patients with metastatic col-
orectal cancer (RAS wild-type) responding to first-line treatment with FOLFIRI plus cetuximab

Methods Phase III multicentre, randomised trial

Participants People with mCRC, RAS WT

Interventions All participants receive first-line FOLFIRI with cetuximab. Participants who have stable disease or
better after 6 months of treatment are randomised to cetuximab rechallenge (investigational arm)
or "anti-EGFR-free treatment" (control arm)

Outcomes Primary endpoint: overall survival from randomisation to third-line treatment (OS3). Secondary
endpoints: objective response rate 1/2/3, PFS 1/2/3, overall survival from randomisation to first-line
treatment (OS1), investigation of early tumour shrinkage and depth of response during first-line
and third-line treatment, study of molecular biomarkers for prediction of sensitivity and secondary
resistance to an anti-EGFR treatment with cetuximab (including tumour biopsies and liquid biop-
sies from blood samples), prospective validation of a biomarker score (AREG/EREG), prospective
analysis of tumour marker evolution (CEA and CA 19-9), recording of safety and tolerance of first-
line and third-line treatment.

Starting date March 2015

Contact information Studiensekretariat, Klinikum der Ludwig-Maximilians-Univ. München, Klinikum Großhadern,
0049894400 72208, Matthias.Wolff@med.uni-muenchen.de

Notes  

FIRE-4 

 
 

Trial name or title FIRE-4.5

Methods Phase III randomised controlled trial

Participants People with KRAS/NRAS WT, BRAFV600E MT mCRC

Interventions Arm A: the combination of FOLFOXIRI and cetuximab. Arm B: the combination of FOLFOXIRI and be-
vacizumab

Outcomes Primary outcome: response rate. Secondary outcomes: PFS, OS, early tumour shrinkage and depth
of response, molecular biomarkers for prediction of sensitivity and secondary resistance of an an-
ti-EGFR treatment with cetuximab (including tumour biopsies and liquid biopsies from blood sam-
ples), analysis of tumour marker evolution (CEA and CA 19-9), safety and tolerability of treatment

Starting date September 2016

FIRE-4.5 
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Contact information Studiensekretariat, Klinikum der Ludwig-Maximilians-Univ. München, Klinikum Großhadern,
0049894400 72208, Matthias.Wolff@med.uni-muenchen.de

Notes  

FIRE-4.5  (Continued)

 
 

Trial name or title FOCETELD

Methods Phase II open-label, randomised study

Participants People with KRAS exon 2 WT mCRC, age 70 to 80, ECOG 0 to 1

Interventions FOLFIRI with cetuximab (interventional arm), FOLFIRI (control arm)

Outcomes Primary endpoint: percentage of participants free of disease progression at 6 months. Secondary
endpoints: safety of combination of chemotherapy with cetuximab in elderly patients; response
rate and median survival in both treatment arms

Starting date April 2012

Contact information Clinica di Oncologia Medica, A.O. Ospedali Riuniti di Ancona, 071.5964169, s.cascinu@univpm.it

Notes Still "ongoing" on trial database as of March 2017; no further details available at time of publica-
tion.

FOCETELD 

 
 

Trial name or title FOLFOXIRI With or Without Cetuximab as First-line Treatment of Patients With Non-resectable Liv-
er-Only Metastatic Colorectal Cancer (FOCULM)

Methods Phase II randomised controlled trial

Participants 138 people with KRAS/NRAS WT mCRC

Interventions Arm A: the combination of FOLFOXIRI and cetuximab. Arm B: FOLFOXIRI alone

Outcomes Primary outcome: percentage of participants with curative liver treatment (complete resection/ab-
lation) following protocol treatment. Secondary outcomes: reported adverse events, response rate,
PFS, time to recurrence, quality of life (EORTC QLQ-C30)

Starting date February 2014

Contact information Yanhong Deng, MD 008613925106525 13925106525@163.com

Notes  

FOCULM 
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Trial name or title Randomized Phase II Study of BSC vs Cetuximab vs Irinotecan and Cetuximab in Patients with KRAS
codon G13D mutant Metastatic Colorectal Cancer (G13 study)

Methods Phase II open label, randomised study

Participants People with KRAS G13D mutant mCRC

Interventions Arm 1: cetuximab alone. Arm 2: cetuximab and irinotecan. Arm 3: best supportive care

Outcomes Primary endpoint: PFS. Secondary outcomes: response rate, response rate by metastatic site, dis-
ease control rate, OS, safety

Starting date September 2012

Contact information Mai Hatta, Nagoya University Graduate School of Medicine, 052-744-2442, m-hat-
ta@med.nagoya-u.ac.jp

Notes Closed to accrual as of April 2016; no results reported yet

G13 study 

 
 

Trial name or title Open-label, Phase II, Randomised, Pilot Study to Evaluate the Safety and Efficacy of Combination
Therapy With Cetuximab and FOLFOX4 or FOLFOX4 Alone in Patients Colorectal Cancer and Initially
Non-resectable

Methods Phase II open-label, randomised trial

Participants People with mCRC

Interventions Experimental arm: FOLFOX4 with cetuximab. Control: FOLFOX4

Outcomes Primary endpoint: confirmed objective response rate. Secondary endpoints: safety, surgical re-
sectability, rate of R0 resections, rate of clinical benefit, time to disease progression, time to onset
of response, duration of response, time to treatment failure, OS, determination of polymorphisms
of the intron 1 of the EGFR gene, TS, XRCC1, XPD, serum levels of EGFR and ATP7A and ATP7B, num-
ber of copies of EGFR gene, the levels of PTEN, EGFR, AKT, and MAPK proteins, and mutations at
EGFR, PI3KCA, KRAS, and BRAF genes

Starting date February 2005

Contact information Albert Abad, Spanish Cooperative Group for Gastrointestinal Tumour Therapy (TTD)

Notes  

NCT00202787 

 
 

Trial name or title Phase II, Multicentric Randomized Trial, Evaluating the Efficacy of Fluoropyrimidine-based Stan-
dard Chemotherapy, Associated to Either Cetuximab or Bevacizumab, in KRAS Wild-type Metastatic
Colorectal Cancer Patients With Progressive Disease After Receiving First-line Treatment With Beva-
cizumab

Methods Phase II multicentric randomised trial

NCT01442649 
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Participants People with KRAS exon 2 WT mCRC with progressive disease after first-line bevacizumab-contain-
ing treatment

Interventions Experimental: Arm A: fluoropyrimidine-based chemotherapy and bevacizumab

Experimental: Arm B: fluoropyrimidine-based chemotherapy and cetuximab

Outcomes Primary outcomes: PFS

Secondary outcomes: objective response rate, OS, treatment tolerance, quality of life

Starting date December 2010

Contact information Trevor Stanbury +33(1)44235567 t-stanbury@unicancer.fr

Notes Preliminary results reported at ASCO 2016; awaiting full publication.

NCT01442649  (Continued)

 
 

Trial name or title A Phase II, Multicenter, Open-Label, Randomized Study Evaluating the Efficacy and Safety of
MEHD7945A + FOLFIRI Versus Cetuximab + FOLFIRI in Second Line in Patients With KRAS Wildtype
Metastatic Colorectal Cancer

Methods Phase II multicentre, open-label, randomised study

Participants People with KRAS exon 2 WT mCRC; progressive disease on or after first-line oxaliplatin-containing
chemotherapy

Interventions Experimental arm: FOLFIRI with MEHD7945A. Control arm: FOLFIRI with cetuximab

Outcomes Primary endpoint: PFS. Secondary endpoints: response rate, duration of objective response,
OS, safety, pharmacokinetics of MEHD7945A in combination with FOLFIRI, incidence of an-
ti-MEHD7945A antibodies

Starting date October 2012

Contact information Clinical Trials, Genentech Inc.

Notes Listed as "completed", but no results published yet

NCT01652482 

 
 

Trial name or title Maintenance Therapy With 5-FU/FA Plus Panitumumab vs. 5-FU/FA Alone After Prior Induction and
Re-induction After Progress for 1st-line Treatment of Metastatic Colorectal Cancer (PanaMa)

Methods Phase II multicentre, open-label, randomised trial

Participants People with RAS WT mCRC

Interventions Participants with stable disease or better are randomised to maintenance chemotherapy (5-FU/
folinic acid) with panitumumab vs maintenance chemotherapy alone

NCT01991873 
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Outcomes Primary outcome: PFS. Secondary outcomes: time to failure of treatment strategy, PFS of re-induc-
tion, objective response after 12 weeks of induction chemotherapy, objective best response during
maintenance and re-induction, OS, safety, health- and skin-related quality of life

Starting date April 2014

Contact information Tanja Trarbach, MD Praxis für interdisziplinäre Onkologie & Hämatologie Freiburg

Notes Currently recruiting participants

NCT01991873  (Continued)

 
 

Trial name or title Open-label, Randomized, Controlled, Multicenter Phase II Trial Investigating 2 Sym004 Doses Ver-
sus Investigator's Choice (Best Supportive Care, Capecitabine, 5-FU) in Subjects With Metastatic
Colorectal Cancer and Acquired Resistance to Anti-EGFR Monoclonal Antibodies

Methods Phase II multicentre, open-label randomised controlled trial

Participants People with mCRC; failure of or intolerance to 5-FU, oxaliplatin, or irinotecan; acquired resistance
to marketed anti-EGFR MAbs

Interventions Experimental arm A: Sym004 12 mg/kg IV weekly. Experimental arm B: Sym004 9 mg/kg IV weekly.
Control arm: investigator's choice of 5-FU, capecitabine, or BSC

Outcomes Primary endpoint: OS. Secondary endpoints: response rate, PFS, time to treatment failure, relative
dose intensity of Sym004, pharmacokinetic parameters, number of participants with antidrug an-
tibodies, levels of biomarkers related to the EGFR pathway, quality of life (EORTC QLQ-C30, QLQ-
CR29, FACT-EGFR 18), adverse events

Starting date March 2014

Contact information Ivan Horak, MD Symphogen A/S

Notes Ongoing but closed to accrual; study completion date estimated to be October 2017

NCT02083653 

 
 

Trial name or title An Exploratory Study of Treatment Sensitivity and Prognostic Factors in a Efficacy and Safety
Study of mFOLFOX6 + Bevacizumab Versus mFOLFOX6 + Panitumumab Therapy in Patients With
Chemotherapy-naïve Unresectable Advanced or Recurrent Colorectal Cancer

Methods Phase III randomised controlled trial

Participants 800 people with KRAS/NRAS WT mCRC

Interventions Experimental arm: mFOLFOX6 with panitumumab. Comparator: mFOLFOX6 with bevacizumab (5
mg/kg)

Outcomes Primary endpoint: OS and its correlation with each gene in baseline tumour samples. Secondary
endpoints: PFS, response rate, duration of response, proportion of participants proceeding to sur-
gical resection, proportion of participants with early tumour shrinkage, degree of maximum tu-
mour shrinkage, evaluation of relationship of each biomarker in plasma free DNA and tumour sam-
ples from baseline or the main study, evaluation of the relationship between a change in each bio-

NCT02394834 
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marker in plasma free DNA from baseline of the main study and efficacy, evaluation of the relation-
ship between a change in each biomarker in plasma free DNA from baseline to discontinuation of
the protocol treatment of the main study, and efficacy, evaluation of the relationship between a
change in each biomarker in tumour tissue from baseline to discontinuation of the protocol treat-
ment of the main study, and efficacy

Starting date May 2015

Contact information Takeda Study Registration Call Center +1-800-778-2860 (USA & EU) medicalinformation@tpna.com

Notes Sponsored by Takeda. Currently recruiting participants

NCT02394834  (Continued)

 
 

Trial name or title PANIB - An open-label, randomised, controlled, multi-center, Phase II trial comparing Panitumum-
ab versus Bevacizumab in combination with oxaliplatin - 5 FU (FOLFOX) first-line treatment accord-
ing Ras Wild Type status for patients with metastatic unresectable colorectal cancer (mCRC)

Methods Phase II multicentre, open-label, randomised trial

Participants People with extended RAS WT mCRC

Interventions FOLFOX with panitumumab (experimental arm), FOLFOX with bevacizumab (control arm)

Outcomes Primary outcome: PFS at 1 year. Secondary endpoints: response rate, resection rate, safety profile
of both combinations, OS

Starting date August 2014

Contact information Prof Dr Christian Rolfo, Antwerp University Hospital, +3238213646, christian.rolfo@uza.be

Notes Trial ongoing.

PANIB 

 
 

Trial name or title PARADIGM

Methods Phase III open-label randomised controlled trial

Participants People with KRAS/NRAS WT mCRC

Interventions Intervention arm: mFOLFOX6 with panitumumab. Control arm: mFOLFOX6 with bevacizumab

Outcomes Primary outcome: OS. Secondary outcomes: PFS, response rate, duration of response, percentage
of participants treated with surgical resection after chemotherapy, percentage of participants with
adverse events

Starting date May 2015

Contact information Takeda Study Registration Call Center +1-800-778-2860 (USA & EU) medicalinformation@tpna.com

Notes Trial ongoing.

PARADIGM 
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Trial name or title Colorectal Cancer (CRC) Cetuximab Elderly Frail

Methods Open-label randomised controlled trial

Participants People with KRAS exon 2 WT mCRC, age >= 80 or >= 70 in combination with functional restrictions
defined as limitation in at least 2 of 8 instrumental activities of daily living (IADL)

Interventions 5-FU with cetuximab (interventional arm), 5-FU alone (control arm)

Outcomes Primary outcome: PFS. Secondary outcomes: OS, response rate, change in IADL score, change in
G8 geriatric assessment screening tool, change in social situation, quality of life (EORTC QLQ-C30
and QLQ-ELD14), occurrence of adverse events, health economy assessments, score of Elderly Min-
imal Dataset Comprehensive Geriatric Assessment (EMDCGA) as evaluated by G8 instrument, score
of EMDCGA as evaluated by IADL questionnaire, score of EMDCGA as evaluated by social situation
questionnaire

Starting date April 2013

Contact information EORTC; study chairs Marc Peeters (Belgium) and Ulrich Wedding (Germany)

Notes Study terminated due to poor accrual; awaiting publication of data.

Peeters 2012 

 
 

Trial name or title An Open-label, Randomized, Controlled, Multicenter Phase III Trial to Compare Cetuximab in Com-
bination With FOLFOX-4 Versus FOLFOX-4 Alone in the First Line Treatment of Metastatic Colorectal
Cancer in Chinese Subjects With RAS Wild-type Status

Methods Phase III multicentre, open-label, randomised controlled trial

Participants 503

Interventions Cetuximab with FOLFOX4 (Arm A) versus FOLFOX4 (Arm B)

Outcomes Primary outcome measures: PFS, Secondary outcomes: ORR, OS, treatment failure, and rate of cu-
rative surgery for metastasis

Starting date August 2010

Contact information Medical responsible Merck Serono

Notes Preliminary results published at World GI 2016; awaiting full publication.

TAILOR 

 
 

Trial name or title Randomized Phase II Study of First-line FOLFIRI Plus Cetuximab for 8 Cycles Followed by Either Sin-
gle-agent Cetuximab as Maintenance Therapy or Observation in Patients With Wild-type KRAS and
NRAS Metastatic Colorectal Cancer

Methods Phase II open-label, randomised study

TIME 
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Participants People with KRAS and NRAS WT mCRC

Interventions All participants receive 8 cycles of FOLFIRI with cetuximab. Upon stable disease on finishing 8 cy-
cles, participants are randomised to cetuximab maintenance or observation alone.

Outcomes PFS at 6 months

Starting date February 2014

Contact information Trevor Stanbury +33 (0)1 44 23 55 67 t-stanbury@unicancer.fr

Notes  

TIME  (Continued)

 
 

Trial name or title Dual Targeting of EGFR With Cetuximab and Afatinib to Treat Refractory wtKRAS Metastatic Col-
orectal Cancer

Methods Phase II multicentric randomised trial

Participants 75 people with KRAS exon 2 WT mCRC

Interventions Arm A: cetuximab with afatinib. Arm B: cetuximab alone

Outcomes Primary outcome: disease control rate at 6 months. Secondary outcomes: response rate, PFS, OS,
quality of life (EORTC QLQ-C30, QLQ-CR29), treatment safety

Starting date October 2012

Contact information UNICANCER

Notes Preliminary results presented at ASCO 2016; awaiting full publication.

UCGI 25 

 
 

Trial name or title Randomized phase II trial of FOLFIRI with either panitumumab or bevacizumab as second-line
treatment in patients with KRAS wild metastatic colorectal cancer refractory to oxaliplatin and be-
vacizumab with exploratory analysis to predict treatment efficacy and prognosis

Methods Phase II open-label, randomised trial

Participants People with KRAS exon 2 WT mCRC

Interventions Arm A: FOLFIRI with panitumumab. Arm B: FOLFIRI alone

Outcomes Primary outcome: OS. Secondary outcomes: PFS, response rate, safety, translational research

Starting date March 2011

Contact information Shinichiro Nakamura, West Japan Oncology Group; +81-6-6633-7400, datacenter@wjog.jp

Notes  

UMIN000005216 
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Trial name or title Randomized phase II study of biweekly cetuximab versus panitumumab in patients not combina-
tion of irinotecan wild-type KRAS metastatic colorectal cancer following treatment with fluoropy-
rimidine and oxaliplatin chemotherapy

Methods Phase II open-label, randomised trial

Participants People with KRAS exon 2 WT mCRC

Interventions Panitumumab (Arm 1), cetuximab (Arm 2)

Outcomes Primary outcome: OS. Secondary outcomes: response rate, time to treatment failure, PFS, safety

Starting date December 2011

Contact information Koichi Taira, Machida Gastrointestinal Hospital, Department of Clinical Oncology, +81-666491251,
koichit@iris.eonet.ne.jp

Notes  

UMIN000006899 

 
 

Trial name or title CALGB 80203

Methods Phase 3 randomised controlled trial; n = 238

Participants People with metastatic colorectal cancer who are treatment-naive

Interventions FOLFIRI (Arm A), FOLFIRI with cetuximab (Arm B), FOLFOX (Arm C), FOLFOX with cetuximab (Arm D)

Outcomes Primary endpoint: OS. Secondary endpoints: TRR, PFS, duration of response, toxicity

Starting date December 2003

Contact information Alan Venook, Alan.Venook@ucsf.edu

Notes Study closed early after 12 months of accrual after emergence of efficacy data for bevacizumab;
awaiting efficacy results (lead author advises in private communication these may be available
Q1-2 2016).

Venook CALGB 80203 2006 

 
 

Trial name or title Influence of BRAF and PIK3K Status on the Efficacy of 5-Fluorouracil/Leucovorin/Oxaliplatin
(FOLFIRI) Plus Bevacizumab or Cetuximab in Patients With RAS Wild-type Metastatic Colorectal Car-
cinoma and < 3 Circulating Tumor Cells (CTC) (VISNU-2)

Methods Phase II open-label, parallel assessment, randomised study

Participants 240 RAS WT metastatic colorectal carcinoma and < 3 circulating tumour cells

Interventions Arm A: FOLFIRI with bevacizumab. Arm B: FOLFIRI with cetuximab

VISNU-2 
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Outcomes Primary: PFS, Secondary: OS, RR, radical resection, CTC count basal and correlate to PFS, OS, RR;
correlation of molecular status of biomarkers related to the cellular and tumoural reproduction
and/or mode of action and clinical antitumour activity outcome (PFS, OS, RR)

Starting date July 2012

Contact information Inmaculada Ruiz de Mena, PhD 00 34 91 378 82 75

Notes Study ongoing but closed to accrual.

VISNU-2  (Continued)

 
 

Trial name or title An Open-label 2:1 Randomized Phase II Study of Panitumumab Plus FOLFOXIRI or FOLFOXIRI Alone
as First-line Treatment of Patients With Non-resectable Metastatic Colorectal Cancer and RAS Wild
Type

Methods Phase II randomised study

Participants 93 non-resectable mCRC and RAS WT

Interventions Experimental: A (FOLFOXIRI with panitumumab)

Active Comparator: B (FOLFOXIRI)

Outcomes Primary: ORR. Secondary: resection rate with curative intent, disease control rate, PFS, duration of
response, time to response, toxicity, quality of life

Starting date April 2011

Contact information Michael Geißler, MD, PhD m.geissler@klinikum-esslingen.de

Notes Trial ongoing.

VOLFI 

 
 

Trial name or title Randomized phase II study of panitumumab (Pmab) plus irinotecan (CPT-11) versus cetuximab
(Cmab) plus CPT-11 in patients with KRAS wild-type (WT) metastatic colorectal cancer (mCRC)
following treatment with fluoropyrimidine, CPT-11, and oxaliplatin (L-OHP) chemotherapy:
WJOG6510G

Methods Phase II open-label, randomised trial

Participants People with KRAS exon 2 WT mCRC

Interventions Irinotecan with cetuximab (Arm A), irinotecan with panitumumab (Arm B)

Outcomes Primary outcome: PFS. Secondary outcomes: OS, response rate, disease control rate, safety

Starting date December 2011

Contact information Shinichiro Nakamura, West Japan Oncology Group, +81-6-6633-7400, datacenter@wjog.jp

WJOG6510G 
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Notes Statistical calculations based on non-inferiority design. Preliminary data published ASCO GI 2017;
awaiting full publication.

WJOG6510G  (Continued)

5-FU: fluorouracil
BSC: best supportive care
CA 19-9: carbohydrate antigen 19-9
CEA: carcinoembryonic antigen
CEC: circulating endothelial cells
CRC: colorectal cancer
CTC: circulating tumour cell
CTCAE: Common Terminology Criteria for Adverse Events
ECOG Eastern Cooperative Oncology Group
IV: intravenously
MAb: monoclonal antibodies
mCRC: metastatic colorectal cancer
MT: mutant
ORR: overall response rate
OS: overall survival
PFS: progression-free survival
RR: response rate
TRR: tumour response rate
WT: wild type
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   EGFR MAb in KRAS exon 2 WT

Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Progression-free sur-
vival

12   Hazard Ratio (Random, 95% CI) 0.70 [0.60, 0.82]

1.1 First-line 6   Hazard Ratio (Random, 95% CI) 0.79 [0.66, 0.94]

1.2 Second-line 4   Hazard Ratio (Random, 95% CI) 0.76 [0.67, 0.86]

1.3 Third-line 2   Hazard Ratio (Random, 95% CI) 0.43 [0.35, 0.54]

2 Overall survival 12   Hazard Ratio (Random, 95% CI) 0.88 [0.80, 0.98]

2.1 First-line 6   Hazard Ratio (Random, 95% CI) 0.87 [0.75, 1.02]

2.2 Second-line 4   Hazard Ratio (Random, 95% CI) 0.93 [0.82, 1.05]

2.3 Third-line 2   Hazard Ratio (Random, 95% CI) 0.79 [0.50, 1.24]

3 Tumour response
rate

12 4147 Odds Ratio (M-H, Random, 95% CI) 2.41 [1.70, 3.41]

3.1 First-line 6 2447 Odds Ratio (M-H, Random, 95% CI) 1.73 [1.33, 2.25]

3.2 Second-line 4 1243 Odds Ratio (M-H, Random, 95% CI) 3.60 [2.45, 5.30]
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Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

3.3 Third-line 2 457 Odds Ratio (M-H, Random, 95% CI) 38.44 [5.22, 282.91]

4 Grade 3/4 toxicity 6 2771 Odds Ratio (M-H, Random, 95% CI) 2.45 [2.07, 2.89]

4.1 First-line 3 1495 Odds Ratio (M-H, Random, 95% CI) 2.55 [2.01, 3.25]

4.2 Second-line 2 1033 Odds Ratio (M-H, Random, 95% CI) 2.42 [1.88, 3.13]

4.3 Third-line 1 243 Odds Ratio (M-H, Random, 95% CI) 2.08 [1.22, 3.55]

5 Grade 3/4 diarrhoea 7 2909 Odds Ratio (M-H, Random, 95% CI) 1.84 [1.47, 2.32]

5.1 First-line 4 1633 Odds Ratio (M-H, Random, 95% CI) 1.95 [1.43, 2.67]

5.2 Second-line 2 1033 Odds Ratio (M-H, Random, 95% CI) 1.70 [1.21, 2.38]

5.3 Third-line 1 243 Odds Ratio (M-H, Random, 95% CI) 4.88 [0.23, 102.66]

6 Grade 3/4 rash 7 2909 Odds Ratio (M-H, Random, 95% CI) 23.42 [13.22, 41.49]

6.1 First-line 4 1633 Odds Ratio (M-H, Random, 95% CI) 20.29 [5.99, 68.67]

6.2 Second-line 2 1033 Odds Ratio (M-H, Random, 95% CI) 24.74 [11.61, 52.72]

6.3 Third-line 1 243 Odds Ratio (M-H, Random, 95% CI) 80.52 [4.86, 1333.13]

7 Grade 3/4 neutrope-
nia

6 2666 Odds Ratio (M-H, Random, 95% CI) 1.22 [0.93, 1.61]

7.1 First-line 4 1633 Odds Ratio (M-H, Random, 95% CI) 1.20 [0.97, 1.49]

7.2 Second-line 2 1033 Odds Ratio (M-H, Random, 95% CI) 1.30 [0.49, 3.43]

7.3 Third-line 0 0 Odds Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

 
 

Analysis 1.1.   Comparison 1 EGFR MAb in KRAS exon 2 WT, Outcome 1 Progression-free survival.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

1.1.1 First-line  

Adams COIN 2011 0 0 -0 (0.08) 10.65% 0.96[0.82,1.12]

Bokemeyer OPUS 2009 0 0 -0.6 (0.211) 6.43% 0.57[0.37,0.86]

Douillard PRIME 2010 0 0 -0.2 (0.098) 10.07% 0.8[0.66,0.97]

Tveit NORDIC VII 2012 0 0 0.1 (0.155) 8.16% 1.07[0.79,1.45]

Van Cutsem CRYSTAL 2009 0 0 -0.4 (0.112) 9.6% 0.7[0.56,0.87]

Ye 2013 0 0 -0.5 (0.192) 6.98% 0.6[0.41,0.87]

Subtotal (95% CI)       51.89% 0.79[0.66,0.94]

Heterogeneity: Tau2=0.03; Chi2=14.79, df=5(P=0.01); I2=66.2%  

Test for overall effect: Z=2.65(P=0.01)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control
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Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

   

1.1.2 Second-line  

Ciardiello CAPRI-GOIM 2016 0 0 -0.2 (0.168) 7.73% 0.81[0.58,1.12]

Passardi ITACA 2015 0 0 -0.5 (0.306) 4.26% 0.64[0.35,1.16]

Peeters 2010 0 0 -0.3 (0.108) 9.76% 0.73[0.59,0.9]

Seymour PICCOLO 2013 0 0 -0.2 (0.101) 9.99% 0.78[0.64,0.95]

Subtotal (95% CI)       31.74% 0.76[0.67,0.86]

Heterogeneity: Tau2=0; Chi2=0.67, df=3(P=0.88); I2=0%  

Test for overall effect: Z=4.23(P<0.0001)  

   

1.1.3 Third-line  

Amado 2008 0 0 -0.8 (0.141) 8.64% 0.45[0.34,0.59]

Karapetis CO17 2008 0 0 -0.9 (0.168) 7.72% 0.42[0.3,0.58]

Subtotal (95% CI)       16.37% 0.43[0.35,0.54]

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.75); I2=0%  

Test for overall effect: Z=7.72(P<0.0001)  

   

Total (95% CI)       100% 0.7[0.6,0.82]

Heterogeneity: Tau2=0.05; Chi2=45.12, df=11(P<0.0001); I2=75.62%  

Test for overall effect: Z=4.55(P<0.0001)  

Test for subgroup differences: Chi2=22.43, df=1 (P<0.0001), I2=91.08%  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control

 
 

Analysis 1.2.   Comparison 1 EGFR MAb in KRAS exon 2 WT, Outcome 2 Overall survival.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

1.2.1 First-line  

Adams COIN 2011 0 0 0 (0.088) 13.39% 1.03[0.87,1.23]

Bokemeyer OPUS 2009 0 0 -0.2 (0.181) 5.78% 0.85[0.6,1.22]

Douillard PRIME 2010 0 0 -0.2 (0.107) 11.22% 0.83[0.67,1.02]

Tveit NORDIC VII 2012 0 0 0.1 (0.178) 5.92% 1.13[0.8,1.61]

Van Cutsem CRYSTAL 2009 0 0 -0.2 (0.088) 13.43% 0.8[0.67,0.95]

Ye 2013 0 0 -0.6 (0.253) 3.39% 0.54[0.33,0.89]

Subtotal (95% CI)       53.14% 0.87[0.75,1.02]

Heterogeneity: Tau2=0.02; Chi2=10.71, df=5(P=0.06); I2=53.31%  

Test for overall effect: Z=1.73(P=0.08)  

   

1.2.2 Second-line  

Ciardiello CAPRI-GOIM 2016 0 0 -0.2 (0.173) 6.22% 0.86[0.61,1.2]

Passardi ITACA 2015 0 0 0.2 (0.321) 2.23% 1.22[0.65,2.29]

Peeters 2010 0 0 -0.2 (0.101) 11.89% 0.85[0.7,1.04]

Seymour PICCOLO 2013 0 0 0 (0.1) 11.97% 1.01[0.83,1.23]

Subtotal (95% CI)       32.31% 0.93[0.82,1.05]

Heterogeneity: Tau2=0; Chi2=2.36, df=3(P=0.5); I2=0%  

Test for overall effect: Z=1.15(P=0.25)  

   

1.2.3 Third-line  

Favours EGFR-I 50.2 20.5 1 Favours control
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Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

Amado 2008 0 0 -0 (0.138) 8.39% 0.98[0.75,1.29]

Karapetis CO17 2008 0 0 -0.5 (0.174) 6.15% 0.62[0.44,0.87]

Subtotal (95% CI)       14.54% 0.79[0.5,1.24]

Heterogeneity: Tau2=0.08; Chi2=4.35, df=1(P=0.04); I2=77.02%  

Test for overall effect: Z=1.02(P=0.31)  

   

Total (95% CI)       100% 0.88[0.8,0.98]

Heterogeneity: Tau2=0.01; Chi2=18.41, df=11(P=0.07); I2=40.25%  

Test for overall effect: Z=2.45(P=0.01)  

Test for subgroup differences: Chi2=0.7, df=1 (P=0.71), I2=0%  

Favours EGFR-I 50.2 20.5 1 Favours control

 
 

Analysis 1.3.   Comparison 1 EGFR MAb in KRAS exon 2 WT, Outcome 3 Tumour response rate.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.3.1 First-line  

Adams COIN 2011 232/363 209/367 12.45% 1.34[0.99,1.8]

Bokemeyer OPUS 2009 37/61 27/73 8.82% 2.63[1.3,5.29]

Douillard PRIME 2010 177/322 157/327 12.36% 1.32[0.97,1.8]

Tveit NORDIC VII 2012 35/72 23/58 8.81% 1.44[0.71,2.9]

Van Cutsem CRYSTAL 2009 181/316 139/350 12.36% 2.04[1.49,2.77]

Ye 2013 40/70 20/68 8.78% 3.2[1.58,6.47]

Subtotal (95% CI) 1204 1243 63.57% 1.73[1.33,2.25]

Total events: 702 (Experimental), 575 (Control)  

Heterogeneity: Tau2=0.05; Chi2=10.86, df=5(P=0.05); I2=53.97%  

Test for overall effect: Z=4.08(P<0.0001)  

   

1.3.2 Second-line  

Ciardiello CAPRI-GOIM 2016 16/74 10/79 7.43% 1.9[0.8,4.52]

Passardi ITACA 2015 7/24 4/24 4.31% 2.06[0.51,8.25]

Peeters 2010 104/297 29/285 11.12% 4.76[3.03,7.48]

Seymour PICCOLO 2013 79/230 27/230 10.82% 3.93[2.42,6.39]

Subtotal (95% CI) 625 618 33.69% 3.6[2.45,5.3]

Total events: 206 (Experimental), 70 (Control)  

Heterogeneity: Tau2=0.04; Chi2=4.18, df=3(P=0.24); I2=28.23%  

Test for overall effect: Z=6.51(P<0.0001)  

   

1.3.3 Third-line  

Amado 2008 21/124 0/103 1.38% 43[2.57,719.29]

Karapetis CO17 2008 15/117 0/113 1.37% 34.33[2.03,580.98]

Subtotal (95% CI) 241 216 2.74% 38.44[5.22,282.91]

Total events: 36 (Experimental), 0 (Control)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.91); I2=0%  

Test for overall effect: Z=3.58(P=0)  

   

Total (95% CI) 2070 2077 100% 2.41[1.7,3.41]

Total events: 944 (Experimental), 645 (Control)  

Favours control 5000.002 100.1 1 Favours EGFR-I
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Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Tau2=0.23; Chi2=47.75, df=11(P<0.0001); I2=76.97%  

Test for overall effect: Z=4.94(P<0.0001)  

Test for subgroup differences: Chi2=17.37, df=1 (P=0), I2=88.49%  

Favours control 5000.002 100.1 1 Favours EGFR-I

 
 

Analysis 1.4.   Comparison 1 EGFR MAb in KRAS exon 2 WT, Outcome 4 Grade 3/4 toxicity.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.4.1 First-line  

Bokemeyer OPUS 2009 67/82 62/97 5.74% 2.52[1.26,5.06]

Douillard PRIME 2010 270/322 227/327 19.4% 2.29[1.57,3.34]

Van Cutsem CRYSTAL 2009 257/317 211/350 22.3% 2.82[1.98,4.02]

Subtotal (95% CI) 721 774 47.44% 2.55[2.01,3.25]

Total events: 594 (Experimental), 500 (Control)  

Heterogeneity: Tau2=0; Chi2=0.63, df=2(P=0.73); I2=0%  

Test for overall effect: Z=7.59(P<0.0001)  

   

1.4.2 Second-line  

Peeters 2010 219/302 152/294 23.96% 2.46[1.75,3.47]

Seymour PICCOLO 2013 131/219 84/218 18.89% 2.37[1.62,3.49]

Subtotal (95% CI) 521 512 42.85% 2.42[1.88,3.13]

Total events: 350 (Experimental), 236 (Control)  

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.89); I2=0%  

Test for overall effect: Z=6.81(P<0.0001)  

   

1.4.3 Third-line  

Amado 2008 55/124 33/119 9.71% 2.08[1.22,3.55]

Subtotal (95% CI) 124 119 9.71% 2.08[1.22,3.55]

Total events: 55 (Experimental), 33 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.68(P=0.01)  

   

Total (95% CI) 1366 1405 100% 2.45[2.07,2.89]

Total events: 999 (Experimental), 769 (Control)  

Heterogeneity: Tau2=0; Chi2=1.14, df=5(P=0.95); I2=0%  

Test for overall effect: Z=10.52(P<0.0001)  

Test for subgroup differences: Chi2=0.49, df=1 (P=0.78), I2=0%  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control

 
 

Analysis 1.5.   Comparison 1 EGFR MAb in KRAS exon 2 WT, Outcome 5 Grade 3/4 diarrhoea.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.5.1 First-line  

Bokemeyer OPUS 2009 7/82 5/97 3.69% 1.72[0.52,5.63]

Douillard PRIME 2010 59/322 29/327 23.11% 2.31[1.43,3.7]
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Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Van Cutsem CRYSTAL 2009 52/317 35/350 24.73% 1.77[1.12,2.79]

Ye 2013 4/70 3/68 2.21% 1.31[0.28,6.1]

Subtotal (95% CI) 791 842 53.74% 1.95[1.43,2.67]

Total events: 122 (Experimental), 72 (Control)  

Heterogeneity: Tau2=0; Chi2=0.96, df=3(P=0.81); I2=0%  

Test for overall effect: Z=4.22(P<0.0001)  

   

1.5.2 Second-line  

Peeters 2010 41/302 27/294 19.62% 1.55[0.93,2.6]

Seymour PICCOLO 2013 65/219 41/218 26.08% 1.82[1.17,2.85]

Subtotal (95% CI) 521 512 45.7% 1.7[1.21,2.38]

Total events: 106 (Experimental), 68 (Control)  

Heterogeneity: Tau2=0; Chi2=0.21, df=1(P=0.65); I2=0%  

Test for overall effect: Z=3.09(P=0)  

   

1.5.3 Third-line  

Amado 2008 2/124 0/119 0.56% 4.88[0.23,102.66]

Subtotal (95% CI) 124 119 0.56% 4.88[0.23,102.66]

Total events: 2 (Experimental), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.02(P=0.31)  

   

Total (95% CI) 1436 1473 100% 1.84[1.47,2.32]

Total events: 230 (Experimental), 140 (Control)  

Heterogeneity: Tau2=0; Chi2=1.91, df=6(P=0.93); I2=0%  

Test for overall effect: Z=5.25(P<0.0001)  

Test for subgroup differences: Chi2=0.74, df=1 (P=0.69), I2=0%  

Favours EGFR-I 1000.01 100.1 1 Favours control

 
 

Analysis 1.6.   Comparison 1 EGFR MAb in KRAS exon 2 WT, Outcome 6 Grade 3/4 rash.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.6.1 First-line  

Bokemeyer OPUS 2009 9/82 0/97 3.86% 25.2[1.44,440.05]

Douillard PRIME 2010 116/322 7/327 36.22% 25.74[11.77,56.3]

Van Cutsem CRYSTAL 2009 52/317 0/350 4.05% 138.62[8.52,2255.76]

Ye 2013 9/70 2/68 11.85% 4.87[1.01,23.43]

Subtotal (95% CI) 791 842 55.98% 20.29[5.99,68.67]

Total events: 186 (Experimental), 9 (Control)  

Heterogeneity: Tau2=0.72; Chi2=5.88, df=3(P=0.12); I2=48.95%  

Test for overall effect: Z=4.84(P<0.0001)  

   

1.6.2 Second-line  

Peeters 2010 111/302 7/294 36.04% 23.83[10.86,52.26]

Seymour PICCOLO 2013 18/219 0/218 3.98% 40.12[2.4,670.11]

Subtotal (95% CI) 521 512 40.02% 24.74[11.61,52.72]

Total events: 129 (Experimental), 7 (Control)  

Heterogeneity: Tau2=0; Chi2=0.13, df=1(P=0.72); I2=0%  
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Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=8.31(P<0.0001)  

   

1.6.3 Third-line  

Amado 2008 31/124 0/119 4% 80.52[4.86,1333.13]

Subtotal (95% CI) 124 119 4% 80.52[4.86,1333.13]

Total events: 31 (Experimental), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.06(P=0)  

   

Total (95% CI) 1436 1473 100% 23.42[13.22,41.49]

Total events: 346 (Experimental), 16 (Control)  

Heterogeneity: Tau2=0.08; Chi2=6.82, df=6(P=0.34); I2=12.06%  

Test for overall effect: Z=10.81(P<0.0001)  

Test for subgroup differences: Chi2=0.78, df=1 (P=0.68), I2=0%  

Favours EGFR-I 10000.001 100.1 1 Favours control

 
 

Analysis 1.7.   Comparison 1 EGFR MAb in KRAS exon 2 WT, Outcome 7 Grade 3/4 neutropenia.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.7.1 First-line  

Bokemeyer OPUS 2009 29/82 31/97 12.52% 1.16[0.63,2.17]

Douillard PRIME 2010 136/322 134/327 24.03% 1.05[0.77,1.44]

Van Cutsem CRYSTAL 2009 97/317 83/350 22.58% 1.42[1.01,2]

Ye 2013 8/70 6/68 5.18% 1.33[0.44,4.07]

Subtotal (95% CI) 791 842 64.31% 1.2[0.97,1.49]

Total events: 270 (Experimental), 254 (Control)  

Heterogeneity: Tau2=0; Chi2=1.63, df=3(P=0.65); I2=0%  

Test for overall effect: Z=1.72(P=0.09)  

   

1.7.2 Second-line  

Peeters 2010 59/302 68/294 20.35% 0.81[0.54,1.2]

Seymour PICCOLO 2013 48/219 25/218 15.34% 2.17[1.28,3.66]

Subtotal (95% CI) 521 512 35.69% 1.3[0.49,3.43]

Total events: 107 (Experimental), 93 (Control)  

Heterogeneity: Tau2=0.43; Chi2=8.71, df=1(P=0); I2=88.52%  

Test for overall effect: Z=0.53(P=0.59)  

   

1.7.3 Third-line  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (Experimental), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 1312 1354 100% 1.22[0.93,1.61]

Total events: 377 (Experimental), 347 (Control)  

Heterogeneity: Tau2=0.06; Chi2=10.39, df=5(P=0.06); I2=51.89%  

Test for overall effect: Z=1.43(P=0.15)  

Test for subgroup differences: Chi2=0.02, df=1 (P=0.88), I2=0%  
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Comparison 2.   EGFR MAb in KRAS exon 2 MT

Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Progression-free sur-
vival

8   Hazard Ratio (Random, 95% CI) 1.03 [0.89, 1.20]

1.1 First-line 5   Hazard Ratio (Random, 95% CI) 1.11 [0.88, 1.38]

1.2 Second-line 1   Hazard Ratio (Random, 95% CI) 0.85 [0.68, 1.06]

1.3 Third-line 2   Hazard Ratio (Random, 95% CI) 0.99 [0.80, 1.24]

2 Overall survival 8   Hazard Ratio (Random, 95% CI) 1.03 [0.94, 1.13]

2.1 First-line 5   Hazard Ratio (Random, 95% CI) 1.07 [0.96, 1.20]

2.2 Second-line 1   Hazard Ratio (Random, 95% CI) 0.93 [0.76, 1.15]

2.3 Third-line 2   Hazard Ratio (Random, 95% CI) 0.98 [0.80, 1.21]

3 Tumour response
rate

8 1925 Odds Ratio (M-H, Random, 95% CI) 0.93 [0.74, 1.16]

3.1 First-line 4 1066 Odds Ratio (M-H, Random, 95% CI) 0.90 [0.66, 1.22]

3.2 Second-line 1 469 Odds Ratio (M-H, Random, 95% CI) 0.92 [0.54, 1.56]

3.3 Third-line 3 390 Odds Ratio (M-H, Random, 95% CI) 2.07 [0.50, 8.56]

4 Overall grade 3/4
toxicity

5 1635 Odds Ratio (M-H, Random, 95% CI) 1.63 [0.98, 2.71]

4.1 First-line 3 968 Odds Ratio (M-H, Random, 95% CI) 1.35 [0.77, 2.38]

4.2 Second-line 1 483 Odds Ratio (M-H, Random, 95% CI) 1.76 [1.22, 2.53]

4.3 Third-line 1 184 Odds Ratio (M-H, Random, 95% CI) 81.40 [4.86, 1362.93]

5 Grade 3/4 diarrhoea 5 1635 Odds Ratio (M-H, Random, 95% CI) 1.45 [1.01, 2.11]

5.1 First-line 3 968 Odds Ratio (M-H, Random, 95% CI) 1.41 [0.76, 2.62]

5.2 Second-line 1 483 Odds Ratio (M-H, Random, 95% CI) 1.32 [0.76, 2.29]

5.3 Third-line 1 184 Odds Ratio (M-H, Random, 95% CI) 3.61 [0.15, 89.81]

6 Grade 3/4 rash 5 1635 Odds Ratio (M-H, Random, 95% CI) 32.35 [15.01, 69.70]

6.1 First-line 3 968 Odds Ratio (M-H, Random, 95% CI) 24.42 [8.16, 73.09]

6.2 Second-line 1 483 Odds Ratio (M-H, Random, 95% CI) 56.48 [13.68, 233.26]

6.3 Third-line 1 184 Odds Ratio (M-H, Random, 95% CI) 31.45 [1.82, 542.25]
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Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

7 Grade 3/4 neutrope-
nia

3 968 Odds Ratio (M-H, Random, 95% CI) 0.70 [0.53, 0.93]

7.1 First-line 3 968 Odds Ratio (M-H, Random, 95% CI) 0.70 [0.53, 0.93]

7.2 Second-line 0 0 Odds Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

7.3 Third-line 0 0 Odds Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

 
 

Analysis 2.1.   Comparison 2 EGFR MAb in KRAS exon 2 MT, Outcome 1 Progression-free survival.

Study or subgroup EGFR-I Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

2.1.1 First-line  

Adams COIN 2011 0 0 -0 (0.08) 17.79% 0.96[0.82,1.12]

Bokemeyer OPUS 2009 0 0 0.5 (0.226) 7.53% 1.72[1.1,2.68]

Douillard PRIME 2010 0 0 0.3 (0.113) 14.86% 1.3[1.04,1.62]

Tveit NORDIC VII 2012 0 0 -0.3 (0.184) 9.66% 0.72[0.5,1.03]

Van Cutsem CRYSTAL 2009 0 0 0.2 (0.141) 12.57% 1.17[0.89,1.54]

Subtotal (95% CI)       62.4% 1.11[0.88,1.38]

Heterogeneity: Tau2=0.04; Chi2=14.33, df=4(P=0.01); I2=72.09%  

Test for overall effect: Z=0.87(P=0.38)  

   

2.1.2 Second-line  

Peeters 2010 0 0 -0.2 (0.113) 14.85% 0.85[0.68,1.06]

Subtotal (95% CI)       14.85% 0.85[0.68,1.06]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.45(P=0.15)  

   

2.1.3 Third-line  

Amado 2008 0 0 -0 (0.159) 11.31% 1[0.73,1.36]

Karapetis CO17 2008 0 0 -0 (0.157) 11.44% 0.99[0.73,1.35]

Subtotal (95% CI)       22.74% 0.99[0.8,1.24]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Test for overall effect: Z=0.05(P=0.96)  

   

Total (95% CI)       100% 1.03[0.89,1.2]

Heterogeneity: Tau2=0.03; Chi2=17.75, df=7(P=0.01); I2=60.56%  

Test for overall effect: Z=0.45(P=0.66)  

Test for subgroup differences: Chi2=2.72, df=1 (P=0.26), I2=26.37%  

Favours EGFR-I 100.1 50.2 20.5 1 Favours Control
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Analysis 2.2.   Comparison 2 EGFR MAb in KRAS exon 2 MT, Outcome 2 Overall survival.

Study or subgroup EGFR-I Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

2.2.1 First-line  

Adams COIN 2011 0 0 -0 (0.094) 23.28% 0.97[0.81,1.17]

Bokemeyer OPUS 2009 0 0 0.3 (0.199) 5.16% 1.29[0.87,1.91]

Douillard PRIME 2010 0 0 0.2 (0.12) 14.17% 1.24[0.98,1.57]

Tveit NORDIC VII 2012 0 0 0 (0.214) 4.49% 1.03[0.68,1.57]

Van Cutsem CRYSTAL 2009 0 0 0 (0.11) 16.89% 1.03[0.83,1.28]

Subtotal (95% CI)       64% 1.07[0.96,1.2]

Heterogeneity: Tau2=0; Chi2=3.53, df=4(P=0.47); I2=0%  

Test for overall effect: Z=1.23(P=0.22)  

   

2.2.2 Second-line  

Peeters 2010 0 0 -0.1 (0.106) 18.33% 0.93[0.76,1.15]

Subtotal (95% CI)       18.33% 0.93[0.76,1.15]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.64(P=0.52)  

   

2.2.3 Third-line  

Amado 2008 0 0 -0 (0.138) 10.69% 0.98[0.75,1.29]

Karapetis CO17 2008 0 0 -0 (0.171) 6.98% 0.98[0.7,1.37]

Subtotal (95% CI)       17.67% 0.98[0.8,1.21]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.98); I2=0%  

Test for overall effect: Z=0.17(P=0.87)  

   

Total (95% CI)       100% 1.03[0.94,1.13]

Heterogeneity: Tau2=0; Chi2=5.07, df=7(P=0.65); I2=0%  

Test for overall effect: Z=0.64(P=0.52)  

Test for subgroup differences: Chi2=1.54, df=1 (P=0.46), I2=0%  

Favours EGFR-I 50.2 20.5 1 Favours control

 
 

Analysis 2.3.   Comparison 2 EGFR MAb in KRAS exon 2 MT, Outcome 3 Tumour response rate.

Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.3.1 First-line  

Bokemeyer OPUS 2009 17/52 23/47 7.47% 0.51[0.22,1.14]

Douillard PRIME 2010 88/221 88/219 34.04% 0.98[0.67,1.44]

Tveit NORDIC VII 2012 35/72 23/58 10.1% 1.44[0.71,2.9]

Van Cutsem CRYSTAL 2009 67/214 66/183 28.38% 0.81[0.53,1.23]

Subtotal (95% CI) 559 507 80% 0.9[0.66,1.22]

Total events: 207 (EGFR-I), 200 (Control)  

Heterogeneity: Tau2=0.03; Chi2=4.11, df=3(P=0.25); I2=26.97%  

Test for overall effect: Z=0.66(P=0.51)  

   

2.3.2 Second-line  

Peeters 2010 30/232 33/237 17.55% 0.92[0.54,1.56]

Subtotal (95% CI) 232 237 17.55% 0.92[0.54,1.56]

Total events: 30 (EGFR-I), 33 (Control)  
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Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=0.32(P=0.75)  

   

2.3.3 Third-line  

Amado 2008 0/84 0/100   Not estimable

Karapetis CO17 2008 1/81 0/83 0.48% 3.11[0.12,77.51]

Siena 2013 5/21 3/21 1.98% 1.88[0.39,9.12]

Subtotal (95% CI) 186 204 2.46% 2.07[0.5,8.56]

Total events: 6 (EGFR-I), 3 (Control)  

Heterogeneity: Tau2=0; Chi2=0.08, df=1(P=0.78); I2=0%  

Test for overall effect: Z=1(P=0.32)  

   

Total (95% CI) 977 948 100% 0.93[0.74,1.16]

Total events: 243 (EGFR-I), 236 (Control)  

Heterogeneity: Tau2=0; Chi2=5.45, df=6(P=0.49); I2=0%  

Test for overall effect: Z=0.68(P=0.5)  

Test for subgroup differences: Chi2=1.26, df=1 (P=0.53), I2=0%  

Favours control 1000.01 100.1 1 Favours EGFR-I

 
 

Analysis 2.4.   Comparison 2 EGFR MAb in KRAS exon 2 MT, Outcome 4 Overall grade 3/4 toxicity.

Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.4.1 First-line  

Bokemeyer OPUS 2009 52/77 45/59 18.42% 0.65[0.3,1.39]

Douillard PRIME 2010 173/217 159/218 25.53% 1.46[0.93,2.28]

Van Cutsem CRYSTAL 2009 164/214 112/183 25.79% 2.08[1.35,3.21]

Subtotal (95% CI) 508 460 69.74% 1.35[0.77,2.38]

Total events: 389 (EGFR-I), 316 (Control)  

Heterogeneity: Tau2=0.17; Chi2=6.8, df=2(P=0.03); I2=70.6%  

Test for overall effect: Z=1.06(P=0.29)  

   

2.4.2 Second-line  

Peeters 2010 151/237 123/246 27.32% 1.76[1.22,2.53]

Subtotal (95% CI) 237 246 27.32% 1.76[1.22,2.53]

Total events: 151 (EGFR-I), 123 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.03(P=0)  

   

2.4.3 Third-line  

Amado 2008 24/84 0/100 2.94% 81.4[4.86,1362.93]

Subtotal (95% CI) 84 100 2.94% 81.4[4.86,1362.93]

Total events: 24 (EGFR-I), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.06(P=0)  

   

Total (95% CI) 829 806 100% 1.63[0.98,2.71]

Total events: 564 (EGFR-I), 439 (Control)  

Heterogeneity: Tau2=0.21; Chi2=15.28, df=4(P=0); I2=73.83%  
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Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=1.89(P=0.06)  

Test for subgroup differences: Chi2=7.9, df=1 (P=0.02), I2=74.67%  
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Analysis 2.5.   Comparison 2 EGFR MAb in KRAS exon 2 MT, Outcome 5 Grade 3/4 diarrhoea.

Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.5.1 First-line  

Bokemeyer OPUS 2009 7/77 7/59 10.05% 0.74[0.25,2.25]

Douillard PRIME 2010 43/217 21/218 30.61% 2.32[1.32,4.06]

Van Cutsem CRYSTAL 2009 27/214 20/183 26.74% 1.18[0.64,2.18]

Subtotal (95% CI) 508 460 67.39% 1.41[0.76,2.62]

Total events: 77 (EGFR-I), 48 (Control)  

Heterogeneity: Tau2=0.16; Chi2=4.45, df=2(P=0.11); I2=55.05%  

Test for overall effect: Z=1.1(P=0.27)  

   

2.5.2 Second-line  

Peeters 2010 32/237 26/246 31.3% 1.32[0.76,2.29]

Subtotal (95% CI) 237 246 31.3% 1.32[0.76,2.29]

Total events: 32 (EGFR-I), 26 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.99(P=0.32)  

   

2.5.3 Third-line  

Amado 2008 1/84 0/100 1.31% 3.61[0.15,89.81]

Subtotal (95% CI) 84 100 1.31% 3.61[0.15,89.81]

Total events: 1 (EGFR-I), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.78(P=0.43)  

   

Total (95% CI) 829 806 100% 1.45[1.01,2.11]

Total events: 110 (EGFR-I), 74 (Control)  

Heterogeneity: Tau2=0.03; Chi2=4.95, df=4(P=0.29); I2=19.17%  

Test for overall effect: Z=1.99(P=0.05)  

Test for subgroup differences: Chi2=0.37, df=1 (P=0.83), I2=0%  

Favours EGFR-I 1000.01 100.1 1 Favours control

 
 

Analysis 2.6.   Comparison 2 EGFR MAb in KRAS exon 2 MT, Outcome 6 Grade 3/4 rash.

Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.6.1 First-line  

Bokemeyer OPUS 2009 8/77 1/59 13.26% 6.72[0.82,55.35]

Douillard PRIME 2010 66/217 3/218 42.64% 31.32[9.67,101.49]

Van Cutsem CRYSTAL 2009 35/214 0/183 7.52% 72.58[4.42,1192.2]

Subtotal (95% CI) 508 460 63.43% 24.42[8.16,73.09]

Favours EGFR-I 5000.002 100.1 1 Favours control
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Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 109 (EGFR-I), 4 (Control)  

Heterogeneity: Tau2=0.15; Chi2=2.3, df=2(P=0.32); I2=12.99%  

Test for overall effect: Z=5.71(P<0.0001)  

   

2.6.2 Second-line  

Peeters 2010 75/237 2/246 29.3% 56.48[13.68,233.26]

Subtotal (95% CI) 237 246 29.3% 56.48[13.68,233.26]

Total events: 75 (EGFR-I), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=5.57(P<0.0001)  

   

2.6.3 Third-line  

Amado 2008 11/84 0/100 7.27% 31.45[1.82,542.25]

Subtotal (95% CI) 84 100 7.27% 31.45[1.82,542.25]

Total events: 11 (EGFR-I), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.37(P=0.02)  

   

Total (95% CI) 829 806 100% 32.35[15.01,69.7]

Total events: 195 (EGFR-I), 6 (Control)  

Heterogeneity: Tau2=0; Chi2=3.15, df=4(P=0.53); I2=0%  

Test for overall effect: Z=8.88(P<0.0001)  

Test for subgroup differences: Chi2=0.84, df=1 (P=0.66), I2=0%  

Favours EGFR-I 5000.002 100.1 1 Favours control

 
 

Analysis 2.7.   Comparison 2 EGFR MAb in KRAS exon 2 MT, Outcome 7 Grade 3/4 neutropenia.

Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.7.1 First-line  

Bokemeyer OPUS 2009 18/77 23/59 13.55% 0.48[0.23,1]

Douillard PRIME 2010 81/217 103/218 49.95% 0.66[0.45,0.97]

Van Cutsem CRYSTAL 2009 53/214 50/183 36.5% 0.88[0.56,1.37]

Subtotal (95% CI) 508 460 100% 0.7[0.53,0.93]

Total events: 152 (EGFR-I), 176 (Control)  

Heterogeneity: Tau2=0; Chi2=2.04, df=2(P=0.36); I2=1.89%  

Test for overall effect: Z=2.51(P=0.01)  

   

2.7.2 Second-line  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (EGFR-I), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

2.7.3 Third-line  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (EGFR-I), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control
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Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

   

Total (95% CI) 508 460 100% 0.7[0.53,0.93]

Total events: 152 (EGFR-I), 176 (Control)  

Heterogeneity: Tau2=0; Chi2=2.04, df=2(P=0.36); I2=1.89%  

Test for overall effect: Z=2.51(P=0.01)  

Test for subgroup differences: Not applicable  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control

 
 

Comparison 3.   EGFR MAb in extended RAS WT

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Progression-free sur-
vival

6   Hazard Ratio (Random, 95% CI) 0.60 [0.48, 0.75]

1.1 First-line 3   Hazard Ratio (Random, 95% CI) 0.65 [0.54, 0.78]

1.2 Second-line 2   Hazard Ratio (Random, 95% CI) 0.72 [0.58, 0.91]

1.3 Third-line 1   Hazard Ratio (Random, 95% CI) 0.36 [0.25, 0.52]

2 Overall survival 4   Hazard Ratio (Random, 95% CI) 0.77 [0.67, 0.88]

2.1 First-line 3   Hazard Ratio (Random, 95% CI) 0.75 [0.64, 0.89]

2.2 Second-line 1   Hazard Ratio (Random, 95% CI) 0.81 [0.63, 1.03]

2.3 Third-line 0   Hazard Ratio (Random, 95% CI) 0.0 [0.0, 0.0]

3 Tumour response rate 4 1001 Odds Ratio (M-H, Random, 95% CI) 4.28 [2.61, 7.03]

3.1 First-line 2 454 Odds Ratio (M-H, Random, 95% CI) 3.18 [2.16, 4.68]

3.2 Second-line 1 411 Odds Ratio (M-H, Random, 95% CI) 6.08 [3.57, 10.33]

3.3 Third-line 1 136 Odds Ratio (M-H, Random, 95% CI) 25.81 [1.50, 445.52]

 
 

Analysis 3.1.   Comparison 3 EGFR MAb in extended RAS WT, Outcome 1 Progression-free survival.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

3.1.1 First-line  

Bokemeyer OPUS 2009 0 0 -0.6 (0.344) 8.04% 0.53[0.27,1.04]

Douillard PRIME 2010 0 0 -0.3 (0.112) 22.9% 0.72[0.58,0.9]

Van Cutsem CRYSTAL 2009 0 0 -0.6 (0.157) 18.87% 0.56[0.41,0.76]

Subtotal (95% CI)       49.81% 0.65[0.54,0.78]

Favours EGFR-I 100.1 50.2 20.5 1 Favours control
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Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

Heterogeneity: Tau2=0; Chi2=2.18, df=2(P=0.34); I2=8.09%  

Test for overall effect: Z=4.55(P<0.0001)  

   

3.1.2 Second-line  

Ciardiello CAPRI-GOIM 2016 0 0 -0.2 (0.242) 12.71% 0.8[0.5,1.29]

Peeters 2010 0 0 -0.4 (0.133) 21.01% 0.7[0.54,0.91]

Subtotal (95% CI)       33.72% 0.72[0.58,0.91]

Heterogeneity: Tau2=0; Chi2=0.24, df=1(P=0.62); I2=0%  

Test for overall effect: Z=2.78(P=0.01)  

   

3.1.3 Third-line  

Amado 2008 0 0 -1 (0.187) 16.47% 0.36[0.25,0.52]

Subtotal (95% CI)       16.47% 0.36[0.25,0.52]

Heterogeneity: Not applicable  

Test for overall effect: Z=5.46(P<0.0001)  

   

Total (95% CI)       100% 0.6[0.48,0.75]

Heterogeneity: Tau2=0.04; Chi2=12.91, df=5(P=0.02); I2=61.27%  

Test for overall effect: Z=4.42(P<0.0001)  

Test for subgroup differences: Chi2=10.39, df=1 (P=0.01), I2=80.75%  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control

 
 

Analysis 3.2.   Comparison 3 EGFR MAb in extended RAS WT, Outcome 2 Overall survival.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

3.2.1 First-line  

Bokemeyer OPUS 2009 0 0 -0.1 (0.261) 6.88% 0.93[0.56,1.56]

Douillard PRIME 2010 0 0 -0.2 (0.119) 32.97% 0.78[0.62,0.99]

Van Cutsem CRYSTAL 2009 0 0 -0.4 (0.125) 30.27% 0.69[0.54,0.88]

Subtotal (95% CI)       70.11% 0.75[0.64,0.89]

Heterogeneity: Tau2=0; Chi2=1.3, df=2(P=0.52); I2=0%  

Test for overall effect: Z=3.44(P=0)  

   

3.2.2 Second-line  

Peeters 2010 0 0 -0.2 (0.125) 29.89% 0.81[0.63,1.03]

Subtotal (95% CI)       29.89% 0.81[0.63,1.03]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.72(P=0.08)  

   

3.2.3 Third-line  

Subtotal (95% CI)       Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI)       100% 0.77[0.67,0.88]

Heterogeneity: Tau2=0; Chi2=1.49, df=3(P=0.68); I2=0%  

Test for overall effect: Z=3.83(P=0)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control

Epidermal growth factor receptor (EGFR) inhibitors for metastatic colorectal cancer (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

123



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

Test for subgroup differences: Chi2=0.19, df=1 (P=0.66), I2=0%  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control

 
 

Analysis 3.3.   Comparison 3 EGFR MAb in extended RAS WT, Outcome 3 Tumour response rate.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.3.1 First-line  

Bokemeyer OPUS 2009 22/38 14/49 20.26% 3.44[1.41,8.4]

Van Cutsem CRYSTAL 2009 118/178 73/189 41.41% 3.13[2.04,4.79]

Subtotal (95% CI) 216 238 61.68% 3.18[2.16,4.68]

Total events: 140 (Experimental), 87 (Control)  

Heterogeneity: Tau2=0; Chi2=0.04, df=1(P=0.85); I2=0%  

Test for overall effect: Z=5.89(P<0.0001)  

   

3.3.2 Second-line  

Peeters 2010 83/204 21/207 35.45% 6.08[3.57,10.33]

Subtotal (95% CI) 204 207 35.45% 6.08[3.57,10.33]

Total events: 83 (Experimental), 21 (Control)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=6.66(P<0.0001)  

   

3.3.3 Third-line  

Amado 2008 12/73 0/63 2.87% 25.81[1.5,445.52]

Subtotal (95% CI) 73 63 2.87% 25.81[1.5,445.52]

Total events: 12 (Experimental), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.24(P=0.03)  

   

Total (95% CI) 493 508 100% 4.28[2.61,7.03]

Total events: 235 (Experimental), 108 (Control)  

Heterogeneity: Tau2=0.11; Chi2=5.52, df=3(P=0.14); I2=45.61%  

Test for overall effect: Z=5.77(P<0.0001)  

Test for subgroup differences: Chi2=5.38, df=1 (P=0.07), I2=62.81%  

Favours control 10000.001 100.1 1 Favours EGFR-I

 
 

Comparison 4.   EGFR MAb in any RAS mutation

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Progression-free sur-
vival

6   Hazard Ratio (Random, 95% CI) 1.13 [0.93, 1.36]

1.1 First-line 3   Hazard Ratio (Random, 95% CI) 1.27 [1.08, 1.48]

1.2 Second-line 2   Hazard Ratio (Random, 95% CI) 1.05 [0.62, 1.79]
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Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1.3 Third-line 1   Hazard Ratio (Random, 95% CI) 0.97 [0.73, 1.29]

2 Overall survival 4   Hazard Ratio (Random, 95% CI) 1.09 [0.93, 1.28]

2.1 First-line 3   Hazard Ratio (Random, 95% CI) 1.16 [1.02, 1.33]

2.2 Second-line 1   Hazard Ratio (Random, 95% CI) 0.91 [0.76, 1.10]

2.3 Third-line 0   Hazard Ratio (Random, 95% CI) 0.0 [0.0, 0.0]

3 Tumour response rate 3 840 Odds Ratio (M-H, Random, 95% CI) 0.76 [0.55, 1.05]

3.1 First-line 2 627 Odds Ratio (M-H, Random, 95% CI) 0.74 [0.54, 1.03]

3.2 Second-line 0 0 Odds Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

3.3 Third-line 1 213 Odds Ratio (M-H, Random, 95% CI) 3.49 [0.14, 86.58]

 
 

Analysis 4.1.   Comparison 4 EGFR MAb in any RAS mutation, Outcome 1 Progression-free survival.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

4.1.1 First-line  

Bokemeyer OPUS 2009 0 0 0.4 (0.201) 12.85% 1.54[1.04,2.29]

Douillard PRIME 2010 0 0 0.3 (0.103) 21.94% 1.31[1.07,1.6]

Van Cutsem CRYSTAL 2009 0 0 0.1 (0.131) 18.99% 1.1[0.85,1.42]

Subtotal (95% CI)       53.78% 1.27[1.08,1.48]

Heterogeneity: Tau2=0; Chi2=2.24, df=2(P=0.33); I2=10.81%  

Test for overall effect: Z=2.91(P=0)  

   

4.1.2 Second-line  

Ciardiello CAPRI-GOIM 2016 0 0 0.4 (0.337) 6.4% 1.53[0.79,2.96]

Peeters 2010 0 0 -0.1 (0.1) 22.24% 0.86[0.71,1.05]

Subtotal (95% CI)       28.64% 1.05[0.62,1.79]

Heterogeneity: Tau2=0.1; Chi2=2.64, df=1(P=0.1); I2=62.19%  

Test for overall effect: Z=0.18(P=0.86)  

   

4.1.3 Third-line  

Amado 2008 0 0 -0 (0.145) 17.57% 0.97[0.73,1.29]

Subtotal (95% CI)       17.57% 0.97[0.73,1.29]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.21(P=0.84)  

   

Total (95% CI)       100% 1.13[0.93,1.36]

Heterogeneity: Tau2=0.03; Chi2=13.26, df=5(P=0.02); I2=62.28%  

Test for overall effect: Z=1.26(P=0.21)  

Test for subgroup differences: Chi2=2.74, df=1 (P=0.25), I2=27.02%  

Favours EGFR-I 50.2 20.5 1 Favours control
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Analysis 4.2.   Comparison 4 EGFR MAb in any RAS mutation, Outcome 2 Overall survival.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

4.2.1 First-line  

Bokemeyer OPUS 2009 0 0 0.3 (0.18) 14.76% 1.29[0.91,1.84]

Douillard PRIME 2010 0 0 0.2 (0.107) 27.02% 1.26[1.02,1.55]

Van Cutsem CRYSTAL 2009 0 0 0 (0.102) 28.23% 1.05[0.86,1.28]

Subtotal (95% CI)       70.01% 1.16[1.02,1.33]

Heterogeneity: Tau2=0; Chi2=1.92, df=2(P=0.38); I2=0%  

Test for overall effect: Z=2.23(P=0.03)  

   

4.2.2 Second-line  

Peeters 2010 0 0 -0.1 (0.094) 29.99% 0.91[0.76,1.1]

Subtotal (95% CI)       29.99% 0.91[0.76,1.1]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.95(P=0.34)  

   

4.2.3 Third-line  

Subtotal (95% CI)       Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI)       100% 1.09[0.93,1.28]

Heterogeneity: Tau2=0.01; Chi2=6.22, df=3(P=0.1); I2=51.8%  

Test for overall effect: Z=1.05(P=0.29)  

Test for subgroup differences: Chi2=4.31, df=1 (P=0.04), I2=76.78%  

Favours EGFR-I 50.2 20.5 1 Favours control

 
 

Analysis 4.3.   Comparison 4 EGFR MAb in any RAS mutation, Outcome 3 Tumour response rate.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

4.3.1 First-line  

Bokemeyer OPUS 2009 34/92 38/75 27.8% 0.57[0.31,1.06]

Van Cutsem CRYSTAL 2009 78/246 77/214 71.17% 0.83[0.56,1.22]

Subtotal (95% CI) 338 289 98.96% 0.74[0.54,1.03]

Total events: 112 (Experimental), 115 (Control)  

Heterogeneity: Tau2=0; Chi2=0.98, df=1(P=0.32); I2=0%  

Test for overall effect: Z=1.76(P=0.08)  

   

4.3.2 Second-line  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (Experimental), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

4.3.3 Third-line  

Amado 2008 1/99 0/114 1.04% 3.49[0.14,86.58]

Favours control 2000.005 100.1 1 Favours EGFR-I
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Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Subtotal (95% CI) 99 114 1.04% 3.49[0.14,86.58]

Total events: 1 (Experimental), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.76(P=0.45)  

   

Total (95% CI) 437 403 100% 0.76[0.55,1.05]

Total events: 113 (Experimental), 115 (Control)  

Heterogeneity: Tau2=0; Chi2=1.86, df=2(P=0.39); I2=0%  

Test for overall effect: Z=1.67(P=0.09)  

Test for subgroup differences: Chi2=0.88, df=1 (P=0.35), I2=0%  

Favours control 2000.005 100.1 1 Favours EGFR-I

 
 

Comparison 5.   EGFR inhibitors in KRAS unselected participants

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Progression-free survival 2   Hazard Ratio (Fixed, 95% CI) 0.70 [0.62, 0.78]

2 Overall survival 2   Hazard Ratio (Fixed, 95% CI) 0.96 [0.84, 1.09]

3 Tumour response rate 2 1372 Odds Ratio (M-H, Fixed, 95% CI) 3.70 [2.49, 5.49]

4 Overall grade 3/4 toxicity 1 1267 Odds Ratio (M-H, Fixed, 95% CI) 2.12 [1.69, 2.65]

5 Grade 3/4 diarrhoea 2 1341 Odds Ratio (M-H, Fixed, 95% CI) 2.08 [1.59, 2.71]

6 Grade 3/4 rash 2 1341 Odds Ratio (M-H, Fixed, 95% CI) 39.89 [7.82, 203.35]

7 Grade 3/4 neutropenia 2 1341 Odds Ratio (M-H, Fixed, 95% CI) 1.39 [1.08, 1.78]

 
 

Analysis 5.1.   Comparison 5 EGFR inhibitors in KRAS unselected participants, Outcome 1 Progression-free survival.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Fixed, 95% CI   IV, Fixed, 95% CI

Borner 2008 0 0 -0.2 (0.261) 4.79% 0.83[0.5,1.39]

Sobrero EPIC 2008 0 0 -0.4 (0.059) 95.21% 0.69[0.62,0.78]

   

Total (95% CI)       100% 0.7[0.62,0.78]

Heterogeneity: Tau2=0; Chi2=0.49, df=1(P=0.49); I2=0%  

Test for overall effect: Z=6.29(P<0.0001)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control
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Analysis 5.2.   Comparison 5 EGFR inhibitors in KRAS unselected participants, Outcome 2 Overall survival.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Fixed, 95% CI   IV, Fixed, 95% CI

Borner 2008 0 0 -0.4 (0.336) 3.91% 0.66[0.34,1.27]

Sobrero EPIC 2008 0 0 -0 (0.068) 96.09% 0.98[0.85,1.11]

   

Total (95% CI)       100% 0.96[0.84,1.09]

Heterogeneity: Tau2=0; Chi2=1.33, df=1(P=0.25); I2=24.61%  

Test for overall effect: Z=0.61(P=0.54)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control

 
 

Analysis 5.3.   Comparison 5 EGFR inhibitors in KRAS unselected participants, Outcome 3 Tumour response rate.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Borner 2008 28/37 28/37 23.2% 1[0.35,2.89]

Sobrero EPIC 2008 106/648 27/650 76.8% 4.51[2.91,6.99]

   

Total (95% CI) 685 687 100% 3.7[2.49,5.49]

Total events: 134 (Experimental), 55 (Control)  

Heterogeneity: Tau2=0; Chi2=6.62, df=1(P=0.01); I2=84.89%  

Test for overall effect: Z=6.49(P<0.0001)  

Favours control 100.1 50.2 20.5 1 Favours EGFR-I

 
 

Analysis 5.4.   Comparison 5 EGFR inhibitors in KRAS unselected participants, Outcome 4 Overall grade 3/4 toxicity.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Sobrero EPIC 2008 396/638 274/629 100% 2.12[1.69,2.65]

   

Total (95% CI) 638 629 100% 2.12[1.69,2.65]

Total events: 396 (Experimental), 274 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=6.56(P<0.0001)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control

 
 

Analysis 5.5.   Comparison 5 EGFR inhibitors in KRAS unselected participants, Outcome 5 Grade 3/4 diarrhoea.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Borner 2008 8/37 6/37 6.18% 1.43[0.44,4.61]

Sobrero EPIC 2008 181/638 99/629 93.82% 2.12[1.61,2.79]

   

Total (95% CI) 675 666 100% 2.08[1.59,2.71]

Total events: 189 (Experimental), 105 (Control)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control
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Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=0.42, df=1(P=0.52); I2=0%  

Test for overall effect: Z=5.35(P<0.0001)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control

 
 

Analysis 5.6.   Comparison 5 EGFR inhibitors in KRAS unselected participants, Outcome 6 Grade 3/4 rash.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Borner 2008 3/37 0/37 32.92% 7.61[0.38,152.68]

Sobrero EPIC 2008 52/638 1/629 67.08% 55.73[7.68,404.39]

   

Total (95% CI) 675 666 100% 39.89[7.82,203.35]

Total events: 55 (Experimental), 1 (Control)  

Heterogeneity: Tau2=0; Chi2=1.28, df=1(P=0.26); I2=21.98%  

Test for overall effect: Z=4.44(P<0.0001)  

Favours EGFR-I 5000.002 100.1 1 Favours control

 
 

Analysis 5.7.   Comparison 5 EGFR inhibitors in KRAS unselected participants, Outcome 7 Grade 3/4 neutropenia.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Borner 2008 0/37 1/37 1.39% 0.32[0.01,8.23]

Sobrero EPIC 2008 196/638 151/629 98.61% 1.4[1.09,1.8]

   

Total (95% CI) 675 666 100% 1.39[1.08,1.78]

Total events: 196 (Experimental), 152 (Control)  

Heterogeneity: Tau2=0; Chi2=0.78, df=1(P=0.38); I2=0%  

Test for overall effect: Z=2.6(P=0.01)  

Favours EGFR-I 1000.01 100.1 1 Favours control

 
 

Comparison 6.   Comparing addition of EGFR MAb to chemotherapy with anti-VEGF MAb and the same chemotherapy

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Progression-free survival 4   Hazard Ratio (Random, 95% CI) 1.02 [0.93, 1.12]

2 Overall survival 4   Hazard Ratio (Random, 95% CI) 0.84 [0.70, 1.01]

3 Tumour response rate 4 2184 Odds Ratio (M-H, Random, 95% CI) 1.36 [1.15, 1.62]

4 Overall grade 3/4 toxicity 4 2133 Odds Ratio (M-H, Random, 95% CI) 1.37 [1.09, 1.72]

5 Grade 3/4 diarrhoea 2 1673 Odds Ratio (M-H, Random, 95% CI) 1.06 [0.67, 1.67]

6 Grade 3/4 rash 3 1951 Odds Ratio (M-H, Random, 95% CI) 47.53 [14.84, 152.19]
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Analysis 6.1.   Comparison 6 Comparing addition of EGFR MAb to chemotherapy with
anti-VEGF MAb and the same chemotherapy, Outcome 1 Progression-free survival.

Study or subgroup EGFR-I Biological
therapy

log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

Hecht SPIRITT 2015 0 0 0 (0.202) 5.69% 1.01[0.68,1.5]

Heinemann FIRE-3 2014 0 0 0.1 (0.092) 27.61% 1.05[0.88,1.26]

Schwartzberg PEAK 2014 0 0 -0.1 (0.15) 10.31% 0.87[0.65,1.17]

Venook CALGB 80405 2014 0 0 0 (0.064) 56.39% 1.03[0.91,1.17]

   

Total (95% CI)       100% 1.02[0.93,1.12]

Heterogeneity: Tau2=0; Chi2=1.25, df=3(P=0.74); I2=0%  

Test for overall effect: Z=0.38(P=0.7)  

Favours EGFR-I 50.2 20.5 1 Favours alternative

 
 

Analysis 6.2.   Comparison 6 Comparing addition of EGFR MAb to chemotherapy
with anti-VEGF MAb and the same chemotherapy, Outcome 2 Overall survival.

Study or subgroup EGFR-I Biological
therapy

log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

Hecht SPIRITT 2015 0 0 0.1 (0.175) 18.01% 1.06[0.75,1.49]

Heinemann FIRE-3 2014 0 0 -0.3 (0.112) 29.19% 0.77[0.62,0.96]

Schwartzberg PEAK 2014 0 0 -0.5 (0.18) 17.41% 0.63[0.44,0.89]

Venook CALGB 80405 2014 0 0 -0.1 (0.085) 35.39% 0.92[0.78,1.09]

   

Total (95% CI)       100% 0.84[0.7,1.01]

Heterogeneity: Tau2=0.02; Chi2=6.12, df=3(P=0.11); I2=50.95%  

Test for overall effect: Z=1.9(P=0.06)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours alternative

 
 

Analysis 6.3.   Comparison 6 Comparing addition of EGFR MAb to chemotherapy
with anti-VEGF MAb and the same chemotherapy, Outcome 3 Tumour response rate.

Study or subgroup EGFR-I Biological
therapy

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Hecht SPIRITT 2015 28/87 16/83 6.04% 1.99[0.98,4.03]

Heinemann FIRE-3 2014 184/297 171/295 27.84% 1.18[0.85,1.64]

Schwartzberg PEAK 2014 82/142 76/143 13.79% 1.2[0.75,1.92]

Venook CALGB 80405 2014 381/578 319/559 52.33% 1.46[1.14,1.85]

   

Total (95% CI) 1104 1080 100% 1.36[1.15,1.62]

Total events: 675 (EGFR-I), 582 (Biological therapy)  

Heterogeneity: Tau2=0; Chi2=2.38, df=3(P=0.5); I2=0%  

Test for overall effect: Z=3.49(P=0)  

Favours alternative 50.2 20.5 1 Favours EGFR-I
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Analysis 6.4.   Comparison 6 Comparing addition of EGFR MAb to chemotherapy with
anti-VEGF MAb and the same chemotherapy, Outcome 4 Overall grade 3/4 toxicity.

Study or subgroup EGFR-I Biological
therapy

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Hecht SPIRITT 2015 71/91 59/91 11.08% 1.93[1,3.71]

Heinemann FIRE-3 2014 211/297 188/295 31.81% 1.4[0.99,1.97]

Schwartzberg PEAK 2014 126/139 115/139 9.36% 2.02[0.98,4.16]

Venook CALGB 80405 2014 370/547 344/534 47.75% 1.15[0.9,1.49]

   

Total (95% CI) 1074 1059 100% 1.37[1.09,1.72]

Total events: 778 (EGFR-I), 706 (Biological therapy)  

Heterogeneity: Tau2=0.01; Chi2=3.8, df=3(P=0.28); I2=21.12%  

Test for overall effect: Z=2.67(P=0.01)  

Favours EGFR-I 50.2 20.5 1 Favours alternative

 
 

Analysis 6.5.   Comparison 6 Comparing addition of EGFR MAb to chemotherapy
with anti-VEGF MAb and the same chemotherapy, Outcome 5 Grade 3/4 diarrhoea.

Study or subgroup EGFR-I Biological
therapy

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heinemann FIRE-3 2014 34/297 40/295 45.66% 0.82[0.51,1.34]

Venook CALGB 80405 2014 59/547 45/534 54.34% 1.31[0.87,1.98]

   

Total (95% CI) 844 829 100% 1.06[0.67,1.67]

Total events: 93 (EGFR-I), 85 (Biological therapy)  

Heterogeneity: Tau2=0.06; Chi2=2.06, df=1(P=0.15); I2=51.53%  

Test for overall effect: Z=0.26(P=0.8)  

Favours EGFR-I 50.2 20.5 1 Favours control

 
 

Analysis 6.6.   Comparison 6 Comparing addition of EGFR MAb to chemotherapy
with anti-VEGF MAb and the same chemotherapy, Outcome 6 Grade 3/4 rash.

Study or subgroup EGFR-I Biological
therapy

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heinemann FIRE-3 2014 50/297 0/295 17.39% 120.59[7.4,1964.49]

Schwartzberg PEAK 2014 44/139 2/139 65.23% 31.73[7.51,134.04]

Venook CALGB 80405 2014 40/547 0/534 17.38% 85.31[5.23,1391.02]

   

Total (95% CI) 983 968 100% 47.53[14.84,152.19]

Total events: 134 (EGFR-I), 2 (Biological therapy)  

Heterogeneity: Tau2=0; Chi2=1.04, df=2(P=0.6); I2=0%  

Test for overall effect: Z=6.5(P<0.0001)  

Favours EGFR-I 10000.001 100.1 1 Favours alternative
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Comparison 7.   EGFR TKI

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Progression-free survival 2   Hazard Ratio (Fixed, 95% CI) 0.87 [0.72, 1.04]

2 Overall survival 2   Hazard Ratio (Fixed, 95% CI) 0.80 [0.68, 0.96]

3 Tumour response rate 1 99 Odds Ratio (M-H, Fixed, 95% CI) 0.89 [0.41, 1.97]

4 Overall grade 3/4 toxicity 1 99 Odds Ratio (M-H, Fixed, 95% CI) 2.01 [0.89, 4.56]

5 Grade 3/4 diarrhoea 2 181 Odds Ratio (M-H, Fixed, 95% CI) 12.68 [3.71, 43.35]

6 Grade 3/4 rash 1 99 Odds Ratio (M-H, Fixed, 95% CI) 5.11 [0.57, 45.43]

7 Grade 3/4 neutropenia 1 99 Odds Ratio (M-H, Fixed, 95% CI) 1.83 [0.76, 4.44]

 
 

Analysis 7.1.   Comparison 7 EGFR TKI, Outcome 1 Progression-free survival.

Study or subgroup EGFR-I Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Fixed, 95% CI   IV, Fixed, 95% CI

Santoro 2008 0 0 -0.1 (0.119) 61.91% 0.87[0.69,1.1]

Tournigand DREAM 2015 0 0 -0.1 (0.152) 38.09% 0.86[0.64,1.16]

   

Total (95% CI)       100% 0.87[0.72,1.04]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.95); I2=0%  

Test for overall effect: Z=1.52(P=0.13)  

Favours EGFR-I 50.2 20.5 1 Favours control

 
 

Analysis 7.2.   Comparison 7 EGFR TKI, Outcome 2 Overall survival.

Study or subgroup EGFR-I Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Fixed, 95% CI   IV, Fixed, 95% CI

Santoro 2008 0 0 -0.1 (0.151) 34.85% 0.9[0.67,1.21]

Tournigand DREAM 2015 0 0 -0.3 (0.11) 65.15% 0.76[0.61,0.94]

   

Total (95% CI)       100% 0.8[0.68,0.96]

Heterogeneity: Tau2=0; Chi2=0.86, df=1(P=0.35); I2=0%  

Test for overall effect: Z=2.45(P=0.01)  

Favours EGFR-I 50.2 20.5 1 Favours control
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Analysis 7.3.   Comparison 7 EGFR TKI, Outcome 3 Tumour response rate.

Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Santoro 2008 23/51 23/48 100% 0.89[0.41,1.97]

   

Total (95% CI) 51 48 100% 0.89[0.41,1.97]

Total events: 23 (EGFR-I), 23 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.28(P=0.78)  

Favours control 50.2 20.5 1 Favours EGFR-I

 
 

Analysis 7.4.   Comparison 7 EGFR TKI, Outcome 4 Overall grade 3/4 toxicity.

Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Santoro 2008 35/51 25/48 100% 2.01[0.89,4.56]

   

Total (95% CI) 51 48 100% 2.01[0.89,4.56]

Total events: 35 (EGFR-I), 25 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.67(P=0.09)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control

 
 

Analysis 7.5.   Comparison 7 EGFR TKI, Outcome 5 Grade 3/4 diarrhoea.

Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Santoro 2008 17/51 1/48 31.94% 23.5[2.98,185.21]

Vincent 2011 12/42 2/40 68.06% 7.6[1.58,36.59]

   

Total (95% CI) 93 88 100% 12.68[3.71,43.35]

Total events: 29 (EGFR-I), 3 (Control)  

Heterogeneity: Tau2=0; Chi2=0.75, df=1(P=0.39); I2=0%  

Test for overall effect: Z=4.05(P<0.0001)  

Favours EGFR-I 2000.005 100.1 1 Favours control

 
 

Analysis 7.6.   Comparison 7 EGFR TKI, Outcome 6 Grade 3/4 rash.

Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Santoro 2008 5/51 1/48 100% 5.11[0.57,45.43]

   

Total (95% CI) 51 48 100% 5.11[0.57,45.43]

Total events: 5 (EGFR-I), 1 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.46(P=0.14)  

Favours EGFR-I 1000.01 100.1 1 Favours control
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Analysis 7.7.   Comparison 7 EGFR TKI, Outcome 7 Grade 3/4 neutropenia.

Study or subgroup EGFR-I Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Santoro 2008 18/51 11/48 100% 1.83[0.76,4.44]

   

Total (95% CI) 51 48 100% 1.83[0.76,4.44]

Total events: 18 (EGFR-I), 11 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.34(P=0.18)  

Favours EGFR-I 1000.01 100.1 1 Favours control

 
 

Comparison 8.   EGFR inhibitors added to bevacizumab

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Progression-free survival 6   Hazard Ratio (Random, 95% CI) 1.04 [0.83, 1.29]

2 Overall survival 5   Hazard Ratio (Random, 95% CI) 1.00 [0.69, 1.47]

3 Tumour response rate 4 1310 Odds Ratio (M-H, Random, 95% CI) 1.20 [0.67, 2.12]

4 Overall grade 3/4 toxicity 3 1831 Odds Ratio (M-H, Random, 95% CI) 2.57 [1.45, 4.57]

5 Grade 3/4 diarrhoea 5 2434 Odds Ratio (M-H, Random, 95% CI) 2.58 [1.44, 4.64]

6 Grade 3/4 rash 4 2363 Odds Ratio (M-H, Random, 95% CI) 67.52 [30.83, 147.85]

7 Grade 3/4 neutropenia 2 1187 Odds Ratio (M-H, Fixed, 95% CI) 0.97 [0.73, 1.29]

 
 

Analysis 8.1.   Comparison 8 EGFR inhibitors added to bevacizumab, Outcome 1 Progression-free survival.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

Hagman ACT2 2014 0 0 -0.1 (0.261) 10.99% 0.93[0.56,1.56]

Hecht PACCE 2009 0 0 0.3 (0.125) 20.52% 1.38[1.08,1.76]

Johnsson Nordic ACT 2013 0 0 -0.2 (0.181) 15.97% 0.78[0.55,1.12]

Passardi ITACA 2015 0 0 0.3 (0.278) 10.19% 1.31[0.76,2.26]

Tol CAIRO2 2008 0 0 0.2 (0.125) 20.46% 1.19[0.93,1.52]

Tournigand DREAM 2015 0 0 -0.2 (0.109) 21.87% 0.82[0.66,1.01]

   

Total (95% CI)       100% 1.04[0.83,1.29]

Heterogeneity: Tau2=0.05; Chi2=14.5, df=5(P=0.01); I2=65.51%  

Test for overall effect: Z=0.34(P=0.73)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control
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Analysis 8.2.   Comparison 8 EGFR inhibitors added to bevacizumab, Outcome 2 Overall survival.

Study or subgroup Experi-
mental

Control log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

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

Hagman ACT2 2014 0 0 -0.5 (0.278) 17.09% 0.59[0.34,1.01]

Hecht PACCE 2009 0 0 0.6 (0.179) 21.47% 1.79[1.26,2.54]

Johnsson Nordic ACT 2013 0 0 -0.1 (0.187) 21.11% 0.88[0.61,1.27]

Passardi ITACA 2015 0 0 0.3 (0.296) 16.31% 1.39[0.78,2.49]

Tournigand DREAM 2015 0 0 -0.2 (0.115) 24.03% 0.79[0.63,0.99]

   

Total (95% CI)       100% 1[0.69,1.47]

Heterogeneity: Tau2=0.14; Chi2=19.94, df=4(P=0); I2=79.94%  

Test for overall effect: Z=0.02(P=0.98)  

Favours EGFR-I 1000.01 100.1 1 Favours control

 
 

Analysis 8.3.   Comparison 8 EGFR inhibitors added to bevacizumab, Outcome 3 Tumour response rate.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Hecht PACCE 2009 131/258 142/261 31.42% 0.86[0.61,1.22]

Passardi ITACA 2015 4/28 9/28 12.3% 0.35[0.09,1.32]

Tol CAIRO2 2008 97/158 78/156 29.14% 1.59[1.02,2.49]

Tournigand DREAM 2015 48/213 24/208 27.14% 2.23[1.31,3.8]

   

Total (95% CI) 657 653 100% 1.2[0.67,2.12]

Total events: 280 (Experimental), 253 (Control)  

Heterogeneity: Tau2=0.24; Chi2=13.48, df=3(P=0); I2=77.75%  

Test for overall effect: Z=0.61(P=0.54)  

Favours control 100.1 50.2 20.5 1 Favours EGFR-I

 
 

Analysis 8.4.   Comparison 8 EGFR inhibitors added to bevacizumab, Outcome 4 Overall grade 3/4 toxicity.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Hagman ACT2 2014 21/36 9/35 19.32% 4.04[1.48,11.07]

Hecht PACCE 2009 467/518 376/510 40.37% 3.26[2.3,4.63]

Tol CAIRO2 2008 299/366 268/366 40.31% 1.63[1.15,2.32]

   

Total (95% CI) 920 911 100% 2.57[1.45,4.57]

Total events: 787 (Experimental), 653 (Control)  

Heterogeneity: Tau2=0.18; Chi2=8.62, df=2(P=0.01); I2=76.79%  

Test for overall effect: Z=3.22(P=0)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control
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Analysis 8.5.   Comparison 8 EGFR inhibitors added to bevacizumab, Outcome 5 Grade 3/4 diarrhoea.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Hagman ACT2 2014 3/36 0/35 3.53% 7.42[0.37,149.08]

Hecht PACCE 2009 128/518 61/510 40.74% 2.42[1.73,3.37]

Johnsson Nordic ACT 2013 3/80 0/79 3.57% 7.18[0.36,141.32]

Tol CAIRO2 2008 95/366 70/366 40.21% 1.48[1.04,2.1]

Tournigand DREAM 2015 21/224 2/220 11.96% 11.28[2.61,48.7]

   

Total (95% CI) 1224 1210 100% 2.58[1.44,4.64]

Total events: 250 (Experimental), 133 (Control)  

Heterogeneity: Tau2=0.19; Chi2=10.99, df=4(P=0.03); I2=63.62%  

Test for overall effect: Z=3.17(P=0)  

Favours EGFR-I 1000.01 100.1 1 Favours control

 
 

Analysis 8.6.   Comparison 8 EGFR inhibitors added to bevacizumab, Outcome 6 Grade 3/4 rash.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Hecht PACCE 2009 187/518 3/510 46.54% 95.48[30.26,301.24]

Johnsson Nordic ACT 2013 16/80 1/79 14.66% 19.5[2.52,151.04]

Tol CAIRO2 2008 93/366 2/366 30.93% 62[15.14,253.82]

Tournigand DREAM 2015 47/220 0/224 7.87% 122.93[7.52,2008.15]

   

Total (95% CI) 1184 1179 100% 67.52[30.83,147.85]

Total events: 343 (Experimental), 6 (Control)  

Heterogeneity: Tau2=0; Chi2=2, df=3(P=0.57); I2=0%  

Test for overall effect: Z=10.53(P<0.0001)  

Favours EGFR-I 10000.001 100.1 1 Favours control

 
 

Analysis 8.7.   Comparison 8 EGFR inhibitors added to bevacizumab, Outcome 7 Grade 3/4 neutropenia.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Hecht PACCE 2009 116/518 118/510 96.99% 0.96[0.72,1.28]

Johnsson Nordic ACT 2013 4/80 3/79 3.01% 1.33[0.29,6.16]

   

Total (95% CI) 598 589 100% 0.97[0.73,1.29]

Total events: 120 (Experimental), 121 (Control)  

Heterogeneity: Tau2=0; Chi2=0.17, df=1(P=0.68); I2=0%  

Test for overall effect: Z=0.21(P=0.83)  

Favours EGFR-I 100.1 50.2 20.5 1 Favours control
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A P P E N D I C E S

Appendix 1. CENTRAL search strategy

CENTRAL (the Cochrane Library) Issue 9, 2016

#1 (colorect* or colon* or rect* or anal* or anus* or intestin* or bowel*) near/3 (carcinom* or neoplas* or adenocarcinom* or cancer* or
tumor* or tumour* or sarcom*)

#2 MeSH descriptor: [Colorectal Neoplasms] explode all trees

#3 (#1 or #2)

#4 (epidermal growth factor or EGR or EGFR or ErbB-1 or HER1 or Cetuximab or Panitumumab or Erlotinib or Gefitinib)

#5 MeSH descriptor: [Epidermal Growth Factor] explode all trees

#6 MeSH descriptor: [Receptor, Epidermal Growth Factor] explode all trees

#7 (#4 or #5 or #6)

#8 MeSH descriptor: [Neoplasm Metastasis] explode all trees

#9 metasta* or stage 4 or stage IV or advanced:ti,ab,kw

#10 (#8 or #9)

#11 (#3 and #7 and #10)

Appendix 2. MEDLINE search strategy

Ovid MEDLINE 1950 to 9 September 2016

1. ((colorect* or colon* or rect* or anal* or anus* or intestin* or bowel*) adj3 (carcinom* or neoplas* or adenocarcinom* or cancer* or
tumor* or tumour* or sarcom*)).mp.

2. exp Colorectal Neoplasms/

3. 1 or 2

4. (epidermal growth factor or EGR or EGFR or ErbB-1 or HER1 or Cetuximab or Panitumumab or Erlotinib or Gefitinib).mp.

5. exp Epidermal Growth Factor/

6. exp Receptor, Epidermal Growth Factor/

7. 4 or 5 or 6

8. exp Neoplasm Metastasis/

9. (metasta* or stage 4 or stage IV or advanced).mp.

10. 8 or 9

11. 3 and 7 and 10

12. randomized controlled trial.pt.

13. controlled clinical trial.pt.

14. random*.ab.

15. placebo.ab.

16. clinical trial as topic.sh.

17. trial.ti.

18. 12 or 13 or 14 or 15 or 16 or 17
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19. exp animals/ not humans.sh.

20. 18 not 19

22. 11 and 20

Appendix 3. Embase search strategy

Ovid Embase 1974 to 9 September 2016

1. ((colorect* or colon* or rect* or anal* or anus* or intestin* or bowel*) adj3 (carcinom* or neoplas* or adenocarcinom* or cancer* or
tumor* or tumour* or sarcom*)).m_titl.

2. exp large intestine tumor/

3. 1 or 2

4. (epidermal growth factor or EGR or EGFR or ErbB-1 or HER1 or Cetuximab or Panitumumab or Erlotinib or Gefitinib).m_titl.

5. *epidermal growth factor/

6. *epidermal growth factor receptor/

7. *epidermal growth factor receptor antibody/

8. *epidermal growth factor receptor kinase inhibitor/

9. 4 or 5 or 6 or 7 or 8

10. exp metastasis/

11. (metasta* or stage 4 or stage IV or advanced).mp.

12. 10 or 11

13. 3 and 9 and 12

14. CROSSOVER PROCEDURE.sh.

15. DOUBLE-BLIND PROCEDURE.sh.

16. SINGLE-BLIND PROCEDURE.sh.

17. (crossover* or cross over*).ti,ab.

18. placebo*.ti,ab.

19. (doubl* adj blind*).ti,ab.

20. allocat*.ti,ab.

21. trial.ti.

22. RANDOMIZED CONTROLLED TRIAL.sh.

23. random*.ti,ab.

24. 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23

25. (exp animal/ or exp invertebrate/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans or man or men
or wom?n).ti.)

26. 24 not 25

27. 13 and 26

Appendix 4. Other search strategies

a) ClinicalTrials.gov
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Carried out on 18-19 January 2016 and 14 March 2017

Search strategy:

"COLORECTAL" AND ("Cetuximab" OR "Panitumumab" OR "EGFR" OR "EGFR-I")

b) ASCO/ASCO GI (2011 to 2016)

Carried out on 18-19 January 2016 and 15 March 2017. Site searched: meetinglibrary.asco.org/

Years searched: 2011-2016

Terms searched: 1) Colorectal, cetuximab 2) Colorectal, panitumumab 3) Colorectal, EGFR 4) Colorectal, EGFR-I

c) ESMO (2011 to 2015)

Carried out on 18-19 January 2016 and 15 March 2017. Site searched: annonc.oxfordjournals.org - relevant supplementary sections (all
abstracts in gastrointestinal tumours, colorectal)

d) World GI (2011 to 2015)

Carried out on 18-19 January 2016 and 15 March 2017. Site searched: annonc.oxfordjournals.org - relevant supplementary sections (all
abstracts)

e) WHO ICTRP

Carried out on 20 January 2016 and 14 March 2017.

"Colorectal" in title and (cetuximab or panitumumab or egfr or egfr-i) in intervention

Appendix 5. Criteria for judging risk of bias in the 'Risk of bias' assessment tool

 

RANDOM SEQUENCE GENERATION

Selection bias (biased allocation to interventions) due to inadequate generation of a randomised sequence

Criteria for a judgement of
‘low risk’ of bias

The investigators describe a random component in the sequence generation process such as the
following.

• Referring to a random number table

• Using a computer random number generator

• Coin tossing

• Shuffling cards or envelopes

• Throwing dice

• Drawing of lots

• Minimisation*

*Minimisation may be implemented without a random element, which is considered to be equiva-
lent to being random.

Criteria for a judgement of
‘high risk’ of bias

The investigators describe a non-random component in the sequence generation process. Usually,
the description would involve some systematic, non-random approach, such as the following.

• Sequence generated by odd or even date of birth

• Sequence generated by some rule based on date (or day) of admission

• Sequence generated by some rule based on hospital or clinic record number
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• Other non-random approaches occur much less frequently than the systematic approaches men-
tioned above and tend to be obvious. They usually involve judgement or some method of non-
random categorisation of participants, such as the following.
* Allocation by judgement of the clinician

* Allocation by preference of the participant

* Allocation based on the results of a laboratory test or a series of tests

* Allocation by availability of the intervention

Criteria for a judgement of ‘un-
clear risk’ of bias

Insufficient information about the sequence generation process to permit judgement of ‘low risk’
or ‘high risk’

ALLOCATION CONCEALMENT

Selection bias (biased allocation to interventions) due to inadequate concealment of allocations prior to assignment

Criteria for a judgement of
‘low risk’ of bias

Participants and investigators enrolling participants could not foresee assignment because one of
the following, or an equivalent method, was used to conceal allocation.

• Central allocation (including telephone, web-based, and pharmacy-controlled randomisation)

• Sequentially numbered drug containers of identical appearance

• Sequentially numbered, opaque, sealed envelopes

Criteria for a judgement of
‘high risk’ of bias

Participants or investigators enrolling participants could possibly foresee assignments and thus in-
troduce selection bias, such as allocation based on the following.

• Using an open random allocation schedule (e.g. a list of random numbers)

• Assignment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed
or nonopaque or not sequentially numbered)

• Alternation or rotation

• Date of birth

• Case record number

• Any other explicitly unconcealed procedure

Criteria for a judgement of ‘un-
clear risk’ of bias

Insufficient information to permit judgement of ‘low risk’ or ‘high risk’. This is usually the case if the
method of concealment is not described or not described in sufficient detail to allow a definitive
judgement, e.g. if the use of assignment envelopes is described, but it remains unclear whether en-
velopes were sequentially numbered, opaque, and sealed.

BLINDING OF PARTICIPANTS AND PERSONNEL

Performance bias due to knowledge of the allocated interventions by participants and personnel during the study.

Criteria for a judgement of
‘low risk’ of bias

Any one of the following.

• No blinding or incomplete blinding, but the review authors judge that the outcome is not likely
to be influenced by lack of blinding

• Blinding of participants and key study personnel ensured, and unlikely that the blinding could
have been broken

Criteria for a judgement of
‘high risk’ of bias

Any one of the following.

• No blinding or incomplete blinding, and the outcome is likely to be influenced by lack of blinding

• Blinding of key study participants and personnel attempted, but likely that the blinding could
have been broken, and the outcome is likely to be influenced by lack of blinding

Criteria for a judgement of ‘un-
clear risk’ of bias

Any one of the following.

• Insufficient information to permit judgement of ‘low risk’ or ‘high risk’

  (Continued)
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• The study did not address this outcome

BLINDING OF OUTCOME ASSESSMENT

Detection bias due to knowledge of the allocated interventions by outcome assessors

Criteria for a judgement of
‘low risk’ of bias

Any one of the following.

• No blinding of outcome assessment, but the review authors judge that the outcome measurement
is not likely to be influenced by lack of blinding

• Blinding of outcome assessment ensured, and unlikely that the blinding could have been broken

Criteria for a judgement of
‘high risk’ of bias

Any one of the following.

• No blinding of outcome assessment, and the outcome measurement is likely to be influenced by
lack of blinding

• Blinding of outcome assessment, but likely that the blinding could have been broken, and the
outcome measurement is likely to be influenced by lack of blinding

Criteria for a judgement of ‘un-
clear risk’ of bias

Any one of the following.

• Insufficient information to permit judgement of ‘low risk’ or ‘high risk’

• The study did not address this outcome

INCOMPLETE OUTCOME DATA

Attrition bias due to amount, nature, or handling of incomplete outcome data

Criteria for a judgement of
‘low risk’ of bias

Any one of the following.

• No missing outcome data

• Reasons for missing outcome data unlikely to be related to true outcome (for survival data, cen-
soring unlikely to be introducing bias)

• Missing outcome data balanced in numbers across intervention groups, with similar reasons for
missing data across groups

• For dichotomous outcome data, the proportion of missing outcomes compared with observed
event risk not enough to have a clinically relevant impact on the intervention effect estimate

• For continuous outcome data, plausible effect size (difference in means or standardised differ-
ence in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size

• Missing data have been imputed using appropriate methods

Criteria for a judgement of
‘high risk’ of bias

Any one of the following.

• Reason for missing outcome data likely to be related to true outcome, with either imbalance in
numbers or reasons for missing data across intervention groups

• For dichotomous outcome data, the proportion of missing outcomes compared with observed
event risk enough to induce clinically relevant bias in intervention effect estimate

• For continuous outcome data, plausible effect size (difference in means or standardised differ-
ence in means) among missing outcomes enough to induce clinically relevant bias in observed
effect size

• ‘As-treated’ analysis done with substantial departure of the intervention received from that as-
signed at randomisation

• Potentially inappropriate application of simple imputation

Criteria for a judgement of ‘un-
clear risk’ of bias

Any one of the following.

• Insufficient reporting of attrition/exclusions to permit judgement of ‘low risk’ or ‘high risk’ (e.g.
number randomised not stated, no reasons for missing data provided)

  (Continued)
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• The study did not address this outcome

SELECTIVE REPORTING

Reporting bias due to selective outcome reporting

Criteria for a judgement of
‘low risk’ of bias

Any of the following.

• The study protocol is available and all of the study’s prespecified (primary and secondary) out-
comes that are of interest in the review have been reported in the prespecified way

• The study protocol is not available but it is clear that the published reports include all expected
outcomes, including those that were prespecified (convincing text of this nature may be uncom-
mon)

Criteria for a judgement of
‘high risk’ of bias

Any one of the following.

• Not all of the study’s prespecified primary outcomes have been reported

• One or more primary outcomes is reported using measurements, analysis methods, or subsets of
the data (e.g. subscales) that were not prespecified

• One or more reported primary outcomes were not prespecified (unless clear justification for their
reporting is provided, such as an unexpected adverse effect)

• One or more outcomes of interest in the review are reported incompletely so that they cannot be
entered in a meta-analysis

• The study report fails to include results for a key outcome that would be expected to have been
reported for such a study

Criteria for a judgement of ‘un-
clear risk’ of bias

Insufficient information to permit judgement of ‘low risk’ or ‘high risk’. It is likely that the majority
of studies will fall into this category.

OTHER BIAS

Bias due to problems not covered elsewhere in the table

Criteria for a judgement of
‘low risk’ of bias

The study appears to be free of other sources of bias.

Criteria for a judgement of
‘high risk’ of bias

There is at least one important risk of bias. For example, the study:

• had a potential source of bias related to the specific study design used;

• has been claimed to have been fraudulent; or

• had some other problem.

Criteria for a judgement of ‘un-
clear risk’ of bias

There may be a risk of bias, but there is either:

• insufficient information to assess whether an important risk of bias exists; or

• insufficient rationale or evidence that an identified problem will introduce bias.

  (Continued)

 

Appendix 6. Glossary

CAPOX: The combination of capecitabine and oxaliplatin, given in three-weekly cycles

CAPIRI: The combination of capecitabine and irinotecan, given in three-weekly cycles

FOLFIRI: The combination of 5-fluorouracil, leucovorin, and irinotecan, given in fortnightly cycles

FOLFOX4: The combination of 5-fluorouracil, leucovorin, and oxaliplatin given in fortnightly cycles

mFOLFOX6: The combination of 5-fluorouracil, leucovorin, and oxaliplatin given in fortnightly cycles (in a diHerent dosing schedule to
FOLFOX4)
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mFOLFOX7: The combination of 5-fluorouracil, leucovorin, and oxaliplatin given in fortnightly cycles (in a diHerent dosing schedule to both
FOLFOX4 and mFOLFOX6)
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

1. The initial protocol specified subgroup analyses according to the degree of EGFR expression, presence of KRAS mutations, presence
of BRAF mutations, known patient prognostic factors, and presence of skin toxicity. Since the protocol was written, understanding of
the critical nature of KRAS in predicting eHicacy of EGFR inhibition has increased. We therefore made the decision to focus on KRAS
mutations.

2. Upon discussion with the trials review committee (on 30 March 2015), we carried out a further subgroup analysis on so-called extended
RAS mutations, testing for KRAS (exons other than exon 2) and NRAS.

3. We removed the outcome of cost-eHectiveness since the publication of the protocol due to the lack of published evidence in the area,
with the few published studies employing diHerent measures of cost-eHectiveness and assuming local costs, which vary considerably
between countries (Graham 2014).

4. The introduction of EGFR inhibitors into widespread clinical use has led to robust debate regarding the optimal setting for EGFR inhibitor
use - whether early in the treatment paradigm with first-line chemotherapy or reserving it as monotherapy aSer failure of chemotherapy.
In view of this uncertainty, we decided to perform subgroup analyses by line of therapy (first-line, second-line, or third-line and beyond).
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Medical Subject Headings (MeSH)

Antibodies, Monoclonal  [*therapeutic use];  Antineoplastic Agents  [*therapeutic use];  Bevacizumab  [therapeutic use];  Colorectal
Neoplasms  [*drug therapy]  [genetics]  [mortality]  [pathology];  Diarrhea  [chemically induced]  [epidemiology];  Disease-Free Survival;
  ErbB Receptors  [*antagonists & inhibitors];  Exanthema  [chemically induced]  [epidemiology];  Neutropenia  [chemically induced]
 [epidemiology];  Protein Kinase Inhibitors  [*therapeutic use];  Protein-Tyrosine Kinases  [*antagonists & inhibitors];  Proto-Oncogene
Proteins p21(ras)  [genetics];  Quality of Life;  Randomized Controlled Trials as Topic

MeSH check words

Humans
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