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Abstract The significance of KRAS in advanced colo-

rectal cancer (CRC) treated with bevacizumab (B) is not

well understood. We conducted a systematic review and

pooled analysis of published trials with the aim to assess

the predictive and prognostic role of KRAS status in

patients treated with B. We performed a systematic search

of PubMed, EMBASE, Web of Science, and Cochrane

Register of Controlled Trials. The primary endpoints

included objective response rate (RR), progression-free

survival (PFS), and overall survival (OS). The odds ratio

(OR) for RR and hazard ratios (HRs) were calculated or

extracted by published data either using a fixed effect

model or a random effect model. A total of 12 studies were

included. A total of 2,266 patients were analysed (54 %

were KRAS wt). The pooled RRs for KRAS wild-type (wt)

versus mutated (mut) patients were 54.8 and 48.3 %,

respectively (OR 1.42, P = 0.02). Median PFS was sig-

nificantly longer in KRAS wt patients compared with that

in KRAS mut patients (HR = 0.85; 95 % confidence

interval (CI) 0.74–0.98; P = 0.02). Similarly, median OS

was significantly better in wt KRAS patients compared

with that in mut KRAS patients (HR = 0.65; 95 % CI

0.46–0.92; P = 0.01). This pooled analysis of 12 published

studies shows that KRAS wt status is a good prognostic

factor for B-based chemotherapy. Also, KRAS wt CRC is

associated with a better RR with B plus chemotherapy than

mut counterpart.

Keywords Colorectal cancer � KRAS � Prognosis �
Predictive factor � Bevacizumab

Introduction

Clinical data have indicated that KRAS mutation is a

negative prognostic marker because it was associated with

a poorer outcome in advanced colorectal cancer (CRC) [1].

This finding is not consistent in all treatment settings. In

fact, in patients treated with standard cytotoxic chemo-

therapies, KRAS is not a predictive marker for benefit or

lack of benefit [2–6]. Conversely, a significantly better

outcome is associated with KRAS wild-type (wt) compared

with mutant (mut) status in patients with CRC treated with

anti-epidermal growth factor receptor (EGFR) antibodies

[7]. This means that KRAS status is a prognostic factor for

these subjects because wt patients live longer compared

with mut population. Also, KRAS wt condition is a good

predictive factor because it is associated with better

activity and outcome in patients treated with chemotherapy ?

cetuximab or panitumumab compared with chemotherapy

alone in the metastatic stage. This is well exploited by

CRYSTAL and OPUS pooled analysis that showed a better

response rate (RR), progression-free survival (PFS), and

overall survival (OS) for chemotherapy ? cetuximab ver-

sus chemotherapy alone in KRAS wt-only patients [8].

Bevacizumab (B) is a recombinant humanized mono-

clonal antibody targeting the isoform A of vascular endo-

thelial growth factor (VEGF-A). Therefore, it inhibits

tumour angiogenesis, starving the tumour of blood and

nutrients. It is indicated as first- or second-line therapy of

advanced CRC, in combination with 5-fluorouracil-based

chemotherapy, extending both PFS and OS compared with

chemotherapy alone. Up until today, some biomarkers have
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been evaluated as predictive factors of B activity. Some of

these are single nucleotide polymorphisms in the VEGF,

circulating endothelial cells, hypertension, and microvessel

density, but the results were inconclusive [9–15].

The predictive and prognostic value of KRAS in patients

treated with the anti-angiogenetic agent B is apparently less

strong. In fact, in the pivotal trial led by Hurwitz [16, 17],

B added to irinotecan ? fluorouracil and folinic acid (IFL)

chemotherapy conferred a significant benefit in both RR

and OS only in KRAS wt patients compared to mut ones;

however, the magnitude of benefit was similar, even if not

significant, to the mut population. Nevertheless, KRAS wt

patients treated with IFL ? B do not have a significantly

better survival that their mut counterparts, so its prognostic

significance is frail in this setting. Only in KRAS wt/BRAF

wt, condition was OS better (HR = 0.51) than KRAS mut/

BRAF mut patients when these subjects were treated with

IFL ? B [16]. The significance of this data is that not only

KRAS but other drivers are crucial in the biology of this

disease.

Overall, KRAS status appears to be a significant pre-

dictive and prognostic biomarker in patients treated with

chemotherapy and anti-EGFR monoclonal antibodies,

which are in fact approved only in KRAS wt patients, but,

apparently, is not a strong predictor of activity nor a clear

prognostic factor for survival in patients treated with

chemotherapy ? B.

So to verify this information comprehensively, we have

performed a systematic review and pooled analysis of

studies that report the outcome and efficacy of B-treated

patients according to KRAS status, to obtain a more

precise estimation of prognostic value of KRAS in

patients treated with B as first-line treatment for meta-

static CRC.

Materials and methods

Literature search

Systematic computerised searches of the PubMed,

EMBASE, Web of Science, and The Cochrane Central

Register of Controlled Trials (up to 30th March 2013) were

performed. The following search terms were used: ‘colo-

rectal cancer’ or ‘colorectal carcinoma’ or ‘colon cancer’

or ‘colon carcinoma’, and ‘KRAS’ and ‘bevacizumab’. The

search was limited to human studies in the English lan-

guage. Eligible studies that reported RR and/or PFS and/or

OS stratified by KRAS mutation status in (at least 20)

patients treated with chemotherapy ? B as first-line che-

motherapy were retrieved, and their bibliographies were

checked for other relevant publications. When the same

patient population was used in several publications, only

the most recent, largest, or complete study was included in

the meta-analysis. Studies were excluded if they included

associated treatment with other targeted therapies or

radiotherapy. So only B ? chemotherapy alone arms were

considered.

Data extraction

Information was carefully extracted from all eligible

studies. The following data were collected from each study:

first author’s name, year of publication, study designs, line

of therapy, number of patients with KRAS mutation status

available, study treatment, RR stratified by KRAS mutation

status, and median PFS and OS stratified by KRAS muta-

tion status and hazard ratio (HR) with 95 % confidence

intervals (CIs) for PFS or OS.

Data extraction was done independently by two of the

authors (AC and FP). Any disagreement was resolved by

consensus. If these two authors could not reach a consen-

sus, another author (SB) was consulted to resolve the dis-

pute and a final decision was made by consensus.

The co-primary endpoints were RR, PFS, and OS in wt

vs mut populations. The RR was defined as the sum of CR

and PR. The correlation between KRAS mutations and RR

was expressed as odds ratio (OR) for RR of wt KRAS

patients versus mut KRAS patients. Thus, an OR [1

indicates a better RR for KRAS wt patients with B treat-

ment, and an OR\1 corresponds to a worse RR for KRAS

wt patients. The other endpoints were PFS and OS. The

correlation between KRAS mutations and these endpoints

was expressed as an HR of wt KRAS patients over mut

KRAS patients. HRs and 95 % CIs were estimated directly

or indirectly from the reported data. When HR and 95 %

CI were not reported in a publication, they were computed

from other available data, as previously described [18–20].

Thus, an HR more than 1 indicates that KRAS wt is

associated with shorter PFS and OS, and a HR less than 1

indicates that KRAS wt is associated with longer PFS and

OS. The correlation between KRAS mutations and efficacy

of B therapy was measured by OR and HR with 95 % CI.

A fixed effects or random effects (weighted with inverse

variance) model and the Mantel–Haenszel’s (M–H) method

were utilized to combine and weight the individual studies.

The Cochran Q test, with a predefined significance

threshold of 0.1, was used to assess statistical heterogeneity

among studies. The assumption of homogeneity was con-

sidered invalid for P values \0.1; in this case, summary

estimates were reported from the random effect models. To

establish the effect of clinical heterogeneity among studies

on meta-analyses conclusions, subgroup analyses were

conducted by study designs (phase III vs others) and type

of drug (oxaliplatin vs irinotecan-based). Begg’s funnel

plots and Egger’s test were used to assess publication bias.
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Funnel plot asymmetry was assessed by the method of

Egger’s linear regression test, a linear regression approach

to measure funnel plot asymmetry on the natural logarithm

scale of the OR. The significance of the intercept was

determined by the t test as suggested by Egger (P \ 0.05

was considered representative of statistically significant

publication bias). If publication bias existed, the Duval and

Tweedie nonparametric ‘trim and fill’ method was used to

adjust it.

All statistical analyses were performed with Review

Manager 5.1 (Review Manager (RevMan) [computer pro-

gram] version 5.1; Copenhagen: The Nordic Cochrane Centre,

The Cochrane Collaboration, 2008) and Comprehensive

Meta-Analysis software (version 2.2.064; July 27, 2011).

Results

Based on our search criteria, 12 studies were identified

from a total of n = 263 screened (Fig. 1) [16, 17, 21–31].

A total of 2,266 patients were used in the pooled analyses.

Table 1 lists the studies identified and their main charac-

teristics. Of the 12 studies, sample sizes of the analysed

KRAS population ranged from 45 to 425. Two of these

studies were retrospective case series, while 10 of them

were prospective studies (6 were phase III trials, 1 ran-

domized phase II and 3 single arm phase II studies). The

patients of 5 studies received oxaliplatin-based chemo-

therapy only; of 1 study, irinotecan-based chemotherapy;

of 3 studies, oxaliplatin or irinotecan regimens; of 2

Fig. 1 Flow chart showing the

progress of trials through the

selection processing the

progress of trials through the

selection process
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studies, triplets combinations; and of 1 study, capecita-

bine ± mytomicin C regimens. The rate of KRAS wt status

was 54 %. In the trial of Bruera et al., the only comparison

was between KRAS wt and KRAS with c.35 G[A muta-

tion. Data include PFS and OS derived from n = 103

(wt ? mut) patients treated in capecitabine alone arm in

AGITG MAX trial, because these patients were included in

the prognostic analysis according to KRAS status.

Overall response rate

The pooled RR of patients with mut KRAS was 48.3 %,

whereas the RR of patients with wt KRAS was 54.8 %

(n = 9 trials with data available). When the wt KRAS

patients were compared with the mut KRAS patients, the

OR was 1.42, (95 % CI 1.05–1.92, P = 0.02; P for het-

erogeneity 0.06, I2 = 46 %, random effect model; Fig. 2).

In the subgroup analysis by phase III or other designs, the

pooled OR was 1.29 (95 % CI 0.91–1.84; P = 0.16) and

2.74 (95 % CI 1.5–4.99; P = 0.001), respectively. In the

subgroup analysis by oxaliplatin versus irinotecan-based

treatment, the pooled OR was 1.34 (95 % CI 0.83–2.17;

P = 0.23) and 1.74 (95 % CI 1.01–3.02; P = 0.05).

Progression-free survival

Data for KRAS mutations and PFS were reported in all

studies. However, only seven studies provided data to

extract or calculate HRs with 95 % CI for PFS. The median

of PFS in KRAS wt and mut patients was 11.8 and

9.42 months, respectively. KRAS wt status is associated

with a better PFS (HR = 0.85; 95 % CI 0.74–0.98;

P = 0.02; Fig. 3) than KRAS mut CRCs, with low heter-

ogeneity between studies (P = 0.31; I2 = 16 %; fixed

effect model). In phase III trial only (n = 5 trials), HR was

0.87 (P = 0.05), while in a phase II trial, HR was 0.5

(P = 0.038); in oxaliplatin trials (n = 4), HR was 0.85

(P not significant). In one irinotecan-based trial, HR for

PFS was not significant.

Overall survival

Data for KRAS mutations and OS were reported in nine

studies (in one trial, median OS was not reached in B arm, so

this comparison was not included). However, only six studies

provided data to extract or calculate HRs with 95 % CI for

OS. The median of OS in KRAS mut or wt patients was 20.2

Study or Subgroup

Price AGITG MAX (2011)
Hurwitz AVF2107 (2009)
El-Khoueiry (2009)
Tol CAIRO2 (2009)
Hecht PACCE Ox-CT (2009)
Hecht PACCE Iri-CT (2009)
Bruera (2013)
Diaz Rubio MACRO (2012)
Stremitzer (2012)
Salvatore (2009)

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.09; Chi² = 16.54, df = 9 (P = 0.06); I² = 46%
Test for overall effect: Z = 2.30 (P = 0.02)

Events

84
51
19
78

114
28
27

126
40
27

594

Total

224
85
29

156
203
58
30

219
45
33

1082

Events

36
19
20
64
55
15
18
76
12
15

330

Total

90
44
39

108
125
39
27

175
15
21

683

Weight

14.8%
10.0%
6.7%

14.9%
16.1%
8.7%
3.7%

17.4%
3.2%
4.4%

100.0%

M-H, Random, 95% CI

0.90 [0.55, 1.49]
1.97 [0.94, 4.13]
1.80 [0.67, 4.86]
0.69 [0.42, 1.13]
1.63 [1.04, 2.55]
1.49 [0.65, 3.41]

4.50 [1.07, 18.92]
1.76 [1.18, 2.64]
2.00 [0.42, 9.61]
1.80 [0.49, 6.58]

1.42 [1.05, 1.92]

Year
Odds RatioOdds RatioControlExperimental

M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours KRAS mut Favours KRAS wt

Fig. 2 Meta-analysis of response rate

Study or Subgroup

Tol CAIRO2 (2009)
Diaz Rubio MACRO (2012)
Stremitzer (2012)
Saltz (2012)
Bruera (2013)
Price AGITG MAX (2011)
Hurwitz AVF2 107 (2009)

Total (95% CI)

Heterogeneity: Chi² = 7.13, df = 6 (P = 0.31); I² = 16%
Test for overall effect : Z = 2.30 (P = 0.02)

log[Hazard Ratio]

0
-0.342
-0.734

0
0

-0.117
-0.416

SE

0.128
0.162
0.354
0.296
0.364
0.128
0.247

Weight

30.0%
18.7%

3.9%
5.6%
3.7%

30.0%
8.1%

100.0%

IV, Fixed, 95% CI

1.00 [0.78, 1.29]
0.71 [0.52, 0.98]
0.48 [0.24, 0.96]
1.00 [0.56, 1.79]
1.00 [0.49, 2.04]
0.89 [0.69, 1.14]
0.66 [0.41, 1.07]

0.85 [0.74, 0.98]

Year
Hazard RatioHazard Ratio

IV, Fixed, 95% CI

0.5 0.7 1 1.5 2
Favours KRAS wt Favours KRAS mut

Fig. 3 Meta-analysis of progression-free survival
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and 24.5 months, respectively. KRAS wt status is associated

with a better OS (HR = 0.65; 95 % CI 0.46–0.92; P = 0.01;

Fig. 4) than KRAS mut CRCs, with high heterogeneity

between studies (P = 0.008; I2 = 68 %; random effect

model). In phase III trials only (n = 4 trials), HR was 0.76

(P = 0.001), while in a phase II trial, HR was 0.26

(P = 0.0001); in oxaliplatin trials (n = 3), HR was 0.63

(P not significant). In one irinotecan-based trial, HR for OS

was not significant.

Publication bias

Begg’s funnel plot for OR of RR is reported in Fig. 5.

Begg’s and Mazumadar’s test (P = 0.72) and Egger’s test

(P = 0.30) confirmed the funnel plot symmetry in the

comparison of the OR of RR in mut KRAS patients versus

the wt KRAS patients in overall studies. Publication biases

were not found for KRAS status and PFS by both Begg’s

and Egger’s tests. The same is true for OS analysis.

Analyses with and without the ‘trim and fill’ method did

not draw remarkably different conclusions. Using trim and

fill, the imputed point estimate is 1.28183 for OR of RR

(95 % CI 0.96–1.69). Conversely, for PFS and OS analy-

ses, the results remained unchanged after trim and fill

analysis.

Discussion

In the era of personalised medicine, tailored therapies have

been even more developed in oncology. Such examples are

crizotinib in ALK ? and erlotinib or gefitinib in EGFR

mut lung cancers; and cetuximab and panitumumab in

KRAS wt CRCs and trastuzumab in HER2 ? breast can-

cers. In these cases, in fact, the presence of a specific

molecular driver is considered a positive predictive factor

of response to some approved targeted therapies. Other

clinical or pathological biomarkers are considered, con-

versely, prognostic of outcome (OS) of disease, indepen-

dently of the treatment performed. Among these in CRC

are locoregional extent of disease; conversely, KRAS and

other molecular markers are category III prognostic factors

that are those not yet sufficiently validated to determine

their prognostic value.

The monoclonal antibody B induces disruption of

abnormal microvasculature and thus potentially permits

regression of neoplastic disease in solid tumours, when

coupled with cytotoxics drugs, offering a benefit in RR and

OS in several diseases, such as CRC, breast cancer, and

lung cancer. As for now, in advanced CRC, no subgroup of

patients has been considered more or less sensitive to

treatment with B, even if several clinical or molecular

biomarkers have been extensively investigated [9–15, 32,

33].

We have demonstrated, for the first time, that KRAS wt

status is associated with better response to B-based che-

motherapy and represents a positive prognostic factor for

patients with advanced CRC treated in the first-line setting.

In fact, RR is higher, and the risk of death is 35 %

reduced in KRAS wt than in mut patients with B as first-

line therapy for advanced CRC. The information is useful

for both the clinician and the patients. First, we are aware

that prognosis of KRAS mut CRC is fairly poor compared

with wt ones, even with the addition of B; and second, in

wt patients, the higher RR obtained with chemother-

apy ? B could be useful in some circumstances as during

an attempt to de-bulk distant metastases. In this case, in

fact, an RR of about 55 % is very similar to that obtained in

Fig. 4 Meta-analysis of overall survival

Fig. 5 Funnel plot for publication bias for OR in RR meta-analysis
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wt patients with chemotherapy ? cetuximab, that is now

considered one the standard conversion therapies for

potentially operable liver metastases [8]. The reason why

KRAS wt patients have an improved survival and obtain

relatively better objective responses when treated with B is

relatively inexplicable. The hypothesis most often con-

templated is that mutations in KRAS, but also BRAF and

TP53, have been shown to result in an increased VEGF

signalling as well as in reduced sensitivity to anti-angio-

genic drugs in pre-clinical models [34–36]. In CRC, it is

also well known that OS is especially driven by post-pro-

gression survival, that is, the time elapsed from the end of

first-line therapy to death. In this case, a wt KRAS status

could have permitted the use of anti-EGFR agents in later

lines of therapy and so a better final outcome [37].

Up to today, the current literature tells us that no can-

didate for first-line chemotherapy can be excluded from or

selected for B on the basis of clinical or molecular bio-

markers. In fact, no predictive factors have been clearly

demonstrated associated with a better efficacy with B.

Recently, Hurwitz et al. [15] demonstrated that in six phase

III studies, early increase of blood pressure was neither

predictive of clinical benefit from B nor prognostic for the

course of the disease. Conversely, in the study AVF2107 g,

an early increase of blood pressure was associated with a

longer PFS and OS in B group, so it was a potential

prognostic but not predictive factor. Scartozzi et al. [32]

come to similar conclusions. Among molecular biomark-

ers, BRAF is now considered more prognostic than pre-

dictive as analysis of MAX trial shows [24]. Other data

indicate a predictive value for some circulating factors,

such as an increase in VEGF, a decrease in VEGF receptor-

2 or circulating endothelial cells, some tissue biomarkers

such microvessel density, or certain polymorphisms

affecting the VEGF pathway. However, data are still par-

tially inconclusive [9–15].

This study level meta-analysis has some limitations but

also some strengths. First, this is a pooled analysis that

aggregates data derived from published papers, and so,

with the lack of individual patient information, any

adjustment for clinical and pathological variables was not

possible. Second, analysis of mutation has not taken into

account other molecular biomarkers such as BRAF (or

PI3KCA) for example. In this case, however, BRAS wt

status could have ameliorated the OS analysis more than

the RR as MAX trial analysis showed [24]. Third, only half

trials permitted to extrapolate or calculate the HRs with

95 % CI for PFS and OS, but the results showed low-to-

moderate heterogeneity and no evident biases, and

remained unchanged after inclusion of larger phase III

trials only. However, our analysis derives from analysis of

12 trials, of which half were phase III, for a total of more

than 2,000 patients with known KRAS status, and it is the

largest analysis ever performed to assess the prognostic

value of KRAS in patients treated with B for advanced

CRC. In these patients, in fact, wt KRAS status seems

associated with a better RR (about 6–7 % higher) and leads

to an improved survival of about 4 months, compared to

their mut counterparts.

Other biomarkers will probably be entered in clinical

trials in the future but will need necessarily a prospective

validation. Some of these, such as LDH, are now being

considered an ideal candidate for further prospective

development [34].

In the meantime, wt KRAS status can be considered a

good predictive factor for response and outcome in patients

treated with chemotherapy ? B in clinical practice.
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