
ORIGINAL RESEARCH

Let-7 microRNA-binding-site polymorphism in the 30UTR of
KRAS and colorectal cancer outcome: a systematic review
and meta-analysis
Scott M. Langevin1 & Brock C. Christensen2,3

1Division of Epidemiology and Biostatistics, Department of Environmental Health, University of Cincinnati College of Medicine, Cincinnati, Ohio
2Section of Biostatistics and Epidemiology, Department of Community and Family Medicine, Dartmouth Medical School, Lebanon, New Hampshire
3Department of Pharmacology and Toxicology, Dartmouth Medical School, Lebanon, New Hampshire

Keywords

Cetuximab, lcs6, prognosis, progression,

rs61764370, survival

Correspondence

Scott M. Langevin, 3223 Eden Avenue,

ML0056, Kettering Laboratory, Cincinnati,

OH 45267.

Tel: 513-558-1066; Fax: 513-558-4397;

E-mail: langevst@uc.edu

Funding Information

This work was supported by the National

Institutes of Health (R21CA175553 and

R01DE022772 to B. C. C.; K22CA172358 to

S. M. L.).

Received: 28 March 2014; Revised: 7 May

2014; Accepted: 8 May 2014

Cancer Medicine 2014; 3(5): 1385–1395

doi: 10.1002/cam4.279

Abstract

There is a small but growing body of literature regarding the predictive utility

of a Let-7 microRNA-binding-site polymorphism in the 30-untranslated region

(UTR) of KRAS (KRAS-LCS6) for colorectal cancer outcome, although the

results are conflicting. We performed a review and meta-analysis in an attempt

to better clarify this relationship. A PubMed search was conducted to identify

all studies reporting on KRAS let-7 microRNA-binding site polymorphism

(LCS6; rs61764370) and colorectal cancer outcome. Hazard ratios (HR) and

corresponding 95% confidence intervals (CI) were extracted or estimated from

each manuscript. Log HRs and log CIs were combined across studies using the

inverse-variance weight to calculate fixed- and random-effects summary esti-

mates and corresponding 95% CIs for overall and progression-free survival. We

did not observe any significant association between overall or progression-free

survival, neither when considering all colorectal cancer patients nor for sub-

group analyses (metastatic, anti-EGFR [epidermal growth factor receptor] treat-

ment, or KRAS wild type). There was substantial heterogeneity across studies,

overall and among subgroups analyzed. We have found no clear evidence to

support an association between the KRAS-LCS6 genotype and overall or pro-

gression-free survival among colorectal cancer patients, even after conducting

subgroup analyses by stage and anti-EGFR treatment status. This information

helps to clarify the confusing body of literature regarding the clinical implica-

tions of the KRAS-LCS6 genetic variant on colorectal cancer outcomes, indicat-

ing that it should not be used at the present time to personalize therapeutic

strategies (PROSPERO registration number: CRD42013005325).

Introduction

It is estimated that colorectal cancer was responsible for

over 50,000 deaths in the United States in 2013, making it

the second leading cause of cancer-related mortality [1].

Despite this, advances in treatment for colorectal cancer

have improved disease prognosis over the past decade.

Monoclonal antibody therapies that target epidermal

growth factor receptor (EGFR), including cetuximab (Erbi-

tux, ImClone, LLC) and panitumumab (Vectibix, Amgen),

are becoming widely used approaches [2], particularly for

patients with chemorefractory metastatic disease [3].

Through clinical trials, several groups have observed that

colorectal cancer patients without somatic mutations in

KRAS benefit from anti-EGFR therapy relative to patients

harboring a somatic KRAS mutation [4–8]. However, only

about half of metastatic colorectal cancer patients with

wild-type KRAS tumors respond to anti-EGFR treatment

[9], indicating a need for additional biomarkers of

treatment response. Other prognostic markers have been

proposed, including BRAF V600E mutational status [10],

but they remain incomplete predictors [11], leaving behind

a void in precision medicine therapeutic strategies for

colorectal cancer that begs for improvement.
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Beyond the use of KRAS mutation status to stratify

patients for therapy, normal genetic variation also may

contribute to the regulation of KRAS and potentially affect

response to therapy among patients with wild-type KRAS.

For instance, microRNA (miRNA) are known to bind con-

served 30-untranslated regions (UTRs) of genes to prevent

their translation, and a single-nucleotide polymorphism

(SNP) in the 30UTR stemming from a T to G transversion

in the sixth let-7 complementary site of KRAS that affects

the binding of let-7 family miRNA and results in lower lev-

els of KRAS expression has been described [12]. Since the

characterization of the KRAS miRNA-related SNP known

as KRAS-LCS6 (rs61764370), there have been a number of

studies on the relationship of its genotype with risk

[13–18] and prognosis [19–28] of several cancers, with

many such studies directed toward colorectal cancer out-

come [19–26]. To date, studies reporting on the association

of KRAS-LCS6 genotype and colorectal cancer outcome

have presented conflicting and clinically confusing results,

with some presenting significant estimates with effects in

opposing directions. Here, we describe a review and meta-

analysis of the relationship between KRAS-LCS6 genotype

with overall and disease-free survival among colorectal can-

cer patients in an effort to add clarity to the potential

implications, if any, of this functional genetic KRAS variant

on clinical management.

Methods

Study identification and selection

Studies reporting on the relationship between the KRAS

let-7 miRNA-binding-site polymorphism (KRAS-LCS6;

rs61764370) and colorectal cancer outcome were identi-

fied by entering the following search terms into PubMed

(http://www.ncbi.nlm.nih.gov/pubmed): (“let-7” OR let7

OR lcs6 OR rs61764370) AND (snp OR polymorphism OR

variant) AND (colon OR colorectal OR crc OR mcrc) pub-

lished in the English language through 31 December 2013.

Studies were included if they reported on the KRAS-LCS6

polymorphism and overall or progression-free survival for

colorectal cancer patients. The literature was further scru-

tinized for relevant studies by cross-checking the refer-

ences of all manuscripts identified through the PubMed

search. In the case of overlapping data sets between stud-

ies, the most inclusive was retained. This systematic

review and meta-analysis was prospectively registered with

the PROSPERO database [29] (CRD42013005325).

Data extraction

Initial eligibility was determined by screening the study

abstracts of articles returned in the PubMed search. Arti-

cles that were not excluded during the preliminary screen-

ing step were examined in more depth by reading the

full-text to ensure that they met the inclusion criteria.

Study descriptors were derived from the full-text, includ-

ing the country in which the study was conducted, treat-

ment modalities, stage at diagnosis, primary outcomes,

years of recruitment, median age, proportion of male sub-

jects, and races/ethnicities of the study subjects. Addition-

ally, the number and frequency of KRAS-LCS6 TT versus

GT/TT genotype, hazard ratio (HR), and corresponding

95% confidence interval (CI) estimates (or information

allowing for the indirect estimation of the HR as

described in later sections) were extracted from the full-

text. In the absence of adequate information for estima-

tion of a hazard ratio, all efforts were made to contact

the authors to obtain sufficient information, as described

below.

Survival curve estimation

Summary survival curves for overall and progression-free

survival were estimated by systematically parsing Kaplan–
Meier survival curves presented in each manuscript into

equal, prespecified, nonoverlapping time intervals (6-

month intervals for overall survival; 3-month intervals for

progression-free survival) and estimating the survival

probability for KRAS-LCS6 TT and TG/GG genotypes,

respectively, using the methods described by Parmar et al.

[30]. For estimation, censoring was assumed to be nonin-

formative and to have occurred at a constant rate. The

number of patients censored at each time interval, Ci(ti),

was estimated by CiðtiÞ ¼ RiðtsiÞ�ðtei�tsiÞ
2�ðFmax�tsiÞ , where Ri is the

number at-risk, ts is the start of the interval, te is the end

of the interval, and Fmax is the maximum follow-up in

the study. At-risk patients during each interval were cal-

culated as Ri(t) = Ri(ts) � Ci(t). Summary survival curves

were then generated by KRAS-LCS6 genotype (TT vs. TG/

GG) by taking a weighted average based on the number

of at-risk subjects for each respective study at each time

interval.

Summary hazard ratio estimates

Log HR and corresponding 95% CI for the association of

KRAS-LCS6 G allele carriers (*G) with overall and pro-

gression-free survival were extracted for each study by

cancer stage and treatment modality wherever possible.

When HR estimates were not provided, they were indi-

rectly estimated by logdHR ¼ ðOG�EGÞ
V̂

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
O�RTT�RG

p �U�1ð1�P
2Þ

O�RTT �RG
RTTþRG

,

where O is the total number of events between both

genotype groups, OG and EG represent the respective
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observed and expected events for G allele carriers, 1
V̂
is the

estimated Mantel–Haenszel variance of the log-HR, RTT,

and RG, respectively, represent the total number of

patients with TT or *G genotype, p is the two-sided log-

rank P-value for a survival difference by KRAS-LCS6

genotype, and Φ is the cumulative-distribution function

for a standard normal distribution. Median survival time

is not considered suitable for HR estimation [31].

Log HRs and log CIs were combined across studies

using the inverse-variance weight to calculate fixed-effects

and random-effects summary estimates (DerSimonian

and Laird method) and corresponding 95% CIs [32]. In

the absence of between-study heterogeneity (Q-statistic

P > 0.05), fixed-effect estimates were reported to conserve

statistical power; otherwise random-effects were reported.

Meta-analyses were performed for the association of

KRAS-LCS6 *G genotype with overall survival for all

studies stratified by cancer stage. Two additional sub-

group analyses were performed (1) restricted to metastatic

colorectal cancer stratified by treatment modality (anti-

EGFR vs. no anti-EGFR) and (2) restricted to KRAS

wild-type patients (i.e., without somatic KRAS mutation).

Progression-free survival was likewise stratified by treat-

ment modality; a subgroup analysis of KRAS wild-type

patients was also performed. Heterogeneity was evaluated

quantitatively using the Q-statistic and I2 metric [33].

Risk of publication bias across studies was assessed using

the Egger test [34]; qualitative likelihood of the summary

estimate to be invalidated by bias was also considered.

Results

Study selection

The PubMed search returned 12 potential manuscripts

[19–26, 35–38], of which eight met the inclusion criteria

by reporting data on the association between the KRAS-

LCS6 polymorphism and overall and/or progression-free

survival for colorectal cancer patients [19–26]. Two sets

of overlapping study populations were identified [19, 21,

25, 26] among the eight qualified studies, so the less

inclusive study for each overlapping was excluded accord-

ingly [21, 25]. All of the remaining six studies [19, 20,

22–24, 26] reported overall survival and included a total

of 1672 patients, while four reported progression-free sur-

vival [19, 20, 23, 26] and included a total of 823 patients.

A flow diagram of the study identification and selection

process is presented in Figure 1. Two of the six eligible

studies presented results by stage at diagnosis [22, 24]

(the remaining four studies were restricted to advanced

stage metastatic cases) and thus were presented accord-

ingly in the meta-analyses, for a total of nine data sets.

Three studies did not report HR [20, 23, 26], but pre-

sented the number of at-risk patients by KRAS-LCS6

12 records identified 
through PubMed

12 records screened 4 manuscripts excluded 

8 full-text articles 
assessed for eligibility 

6 publications included in the 
meta-analysis 

2 less-inclusive overlapping 
manuscripts excluded 

0 additional records identified by 
cross-checking references
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6 studies for meta-analysis 
of overall survival

4 studies for meta-analysis 
of progression-free survival

2 studies did not assess 
progression-free survival 

Figure 1. Flow diagram of the study selection for inclusion in the meta-analysis.
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genotype and log-rank P-values for survival difference, so

additional information (total number of survival and pro-

gression events) was obtained through personal commu-

nications with the respective authors that allowed for

indirect estimation of the HR using the methods

described by Parmar et al. [30]. The stage-specific num-

ber of at-risk patients by KRAS-LCS6 genotype were

obtained for the study by Ryan et al. [22] via personal

communication to allow us to use their Kaplan–Meier

function for survival curve estimation.

Study characteristics

A description of the study characteristics for the six eligi-

ble studies [19, 20, 22–24, 26] is provided in Table 1. The

studies were similar in terms of median age but there was

considerable variability with respect to stage at diagnosis

and treatment modality. The studies differ by country of

origin and there was some variation in terms of racial/eth-

nic groups included, but the majority of the subjects

reported in the literature were white; the study by Ryan

et al. [22] was the only publication that contained an

appreciable number of non-white patients. Three of the

four studies reporting on metastatic colorectal cancer

involved only patients treated with anti-EGFR therapy

[19, 23, 26]. The study by Kjersem et al. [20] included

patients from a randomized clinical trial who were treated

with Nordic FLOX (bolus 5-fluorouracil/folinic acid and

oxaliplatin) either with or without anti-EGFR therapy and

did not present KRAS-LCS6 survival data by treatment

modality. However, we were able to obtain treatment-spe-

cific log-rank P-values and number of at-risk patients and

events to allow for estimation of the treatment-specific

HR through personal communications with the authors.

Of the four publications that specified treatment with

anti-EGFR therapy (cetuximab or panitumumab), all

patients included in the studies by Zhang et al. [26] and

Sebio et al. [23] were free of any somatic KRAS muta-

tions, while 43% of the patients in Graziano et al. study

[19] and 39% of the patients in the Kjersem et al. study

[20] harbored a somatic KRAS mutation; the study by

Graziano et al. [19] additionally presented a subgroup

analysis of 63 KRAS wild-type patients. All of the 121

patients included in the survival analyses by Graziano

et al. [19] were free of the BRAF V600E mutation.

Meta-analyses

Overall survival

We did not find any relationship between KRAS-LCS6

genotype and overall survival when considering all colo-

rectal cancer patients regardless of treatment and stage

(Fig. 2), although there was a moderately large amount of

heterogeneity between studies (P = 0.003, I2 = 65.6%).

No significant evidence for publication bias was observed

using the Egger test (P = 0.72), however, it should be

noted that there were only nine study estimates included

in the test, which can result in low power to detect asym-

metry. Likewise, no clear association was present with

survival of local (stage I or II) or advanced stage patients

(stage III or IV), the latter which had a relatively high

degree of heterogeneity between studies (Fig. 2).

Since LCS6 is a functional SNP in the Let-7-binding

site of KRAS that impacts KRAS expression, and KRAS

overexpression has been accepted in clinical practice as a

negative predictive biomarker for patients treated with

anti-EGFR therapy [39], we performed a subgroup analy-

sis on metastatic colorectal cancer patients treated with

anti-EGFR therapies (four studies with an aggregate of

643 patients). However, despite the reported potential of

the LCS6 SNP to elevate KRAS expression [14], no associ-

ation was observed (Fig. 3). Contrary to our efforts to

reduce between-study heterogeneity through subgroup

analysis restricted to metastatic colorectal cancer patients

with metastatic disease treated with anti-EGFR therapies,

a high degree of heterogeneity remained (P = 0.01,

I2 = 73.3%). Likewise, no association was observed after

further restriction to KRAS wild-type metastatic colorectal

cancer patients (Fig. S1); albeit somewhat attenuated, a

moderate degree of heterogeneity remained between stud-

ies (I2 = 44.0%).

Progression-free survival

We also found no significant association between KRAS-

LCS6 genotype and progression-free survival (Fig. 4),

which was reported only by the four studies that

restricted enrollment to metastatic colorectal patients

(with an aggregate of 672 patients) [19, 20, 23, 26], with

a moderate degree of heterogeneity between studies

(P = 0.07, I2 = 54.0%). No significant evidence for publi-

cation bias was observed using the Egger test (P = 0.24),

although this should be interpreted with caution since

there were only five study estimates included in the test

(separate HR estimates were included in the meta-analysis

by anti-EFGR treatment status for the study by Kjersem

et al. [20]), which could adversely impact power to detect

asymmetry. No significant association was observed in the

subgroup analysis restricted to KRAS wild-type patients

(Fig. S2).

Discussion

After reviewing and summarizing the literature, we found

no clear association between the KRAS-LCS6 genotype
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and overall or progression-free survival among colorectal

cancer patients, even after conducting subgroup analysis

by stage and anti-EGFR treatment status. These results

suggest that KRAS-LCS6 genotype is an insufficient

predictor of outcome by itself and they provide insight

into the conflicting body of literature surrounding clinical

utility of KRAS-LCS6 genetic testing in the clinical

management of this disease, demonstrating the complex-

ity of colorectal cancer and the need for additional, more

complex batteries of molecular markers to optimize thera-

peutic regimens guided by precision medicine approaches.

Notwithstanding our best efforts to reduce between-

study heterogeneity through subgroup analyses, a substan-

tial amount of heterogeneity remained. The prospective

(A)

(B) (C)

Figure 2. Summary estimates for the association between the KRAS-LCS6 polymorphism (rs61764370) and overall survival for patients with all

stages of colorectal cancer. (A) Forest plot stratified by cancer stage; (B) summary of survival curve for patients with all stages; (C) summary of

survival curve for advanced stage colorectal cancer patients. The study by Sebio et al. [23] was not included in the estimation of the meta-survival

curve since the manuscript did not present a survival curve. mCRC, metastatic colorectal cancer.
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nature of the studies included in the meta-analysis reduces

the risk of bias among the individual studies and no publi-

cation bias was observed across studies. However, even

after restricting to studies of metastatic colorectal cancer

patients treated with anti-EGFR therapies, heterogeneity

remained, suggesting a possible important role of concomi-

tant treatments. Although these four studies [19, 20, 23, 26]

had in common the use of anti-EGFR therapy, most com-

monly cetuximab, one study also included patients treated

with panitumumab. Furthermore, not all studies were

restricted to patients lacking somatic KRAS or BRAF muta-

tions, and there was broad variability in terms of combina-

tion therapy used (if any), including anti-metabolites

(5-fluorouracil), platinum-based cross-linking agents (oxa-

liplatin), or topoisomerase inhibitors (irinotecan). This

indicates a need for additional in-depth treatment-modal-

ity-specific research into the impact of this disease in

patients free of somatic KRAS and BRAF mutations.

(A)

(B)

Figure 3. Summary estimates for the association between the KRAS-LCS6 polymorphism (rs61764370) and overall survival for patients with

metastatic colorectal cancer. (A) Forest plot stratified by anti-EGFR treatment status; (B) summary of overall survival curve for patients with

metastatic colorectal cancer. The study by Sebio et al. [23] was not included in the estimation of the meta-survival curve since the manuscript did

not present a survival curve. EGFR, epidermal growth factor receptor; mono, monotherapy; Nordic FLOX, bolus 5-fluorouracil/folinic acid and

oxaliplatin.
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Strengths of this meta-analysis include the prospective

nature of the reviewed studies and our ability to discrimi-

nate by stage at diagnosis, including patients with

advanced metastatic disease. The aggregate nature of this

meta-analysis, which greatly enhanced the sample size in

our analyses, is another major strength of this study. Post

hoc calculations indicate that we had ample statistical

power to detect clinically relevant associations, with ≥80%
power to detect an HR >1.19 and 1.22 for our overall

and progression-free survival, respectively, and ≥1.26 for

(A)

(B)

Figure 4. Summary estimates for the association between the KRAS-LCS6 polymorphism (rs61764370) and progression-free survival for patients

with metastatic colorectal cancer. (A) Forest plot stratified by anti-EGFR treatment status; (B) summary of progression-free survival curve for

patients with metastatic colorectal cancer. The study by Sebio et al. [23] was not included in the estimation of the meta-survival curve since the

manuscript did not present a survival curve. EGFR, epidermal growth factor receptor; mono, monotherapy; Nordic FLOX, bolus 5-fluorouracil/

folinic acid and oxaliplatin.
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each respective outcome in our analyses that were

restricted to anti-EGFR treated patients. Furthermore, our

adherence to the PRISMA statement guidelines [40]

underscore the systematic nature of our comprehensive

review and meta-analysis and enhance the transparency of

our methods and results. Additionally, we were able to

estimate survival curves for all but one of the studies

included in our meta-analysis, providing a visual com-

panion to the summary hazard ratio estimates allowing

for better interpretation of the results. However, there

were also several limitations to the study. Hazard ratio

estimates were only directly available for three of the six

studies included in the meta-analyses and therefore indi-

rect estimation methods had to be applied, which may

not exactly reflect the true measured effect, although it is

doubtfully based on the data that this could have

impacted the overall lack of significant associations

observed in this meta-analysis. Furthermore, as is the case

with most meta-analyses, the summary estimates are

based on aggregate results in published literature, rather

than individual-level patient data, which could potentially

introduce bias. However, in order for confounding to

impact study estimates, KRAS-LCS6 genotype would have

to be associated with another unaccounted factor that

also impacts prognosis, which although conceptually

plausible, is unlikely. Additionally, as the patients

included in the published studies were predominantly

Caucasian, which is the population with the highest vari-

ant allele frequency (~0.15) based on estimates provided

by dbSNP (http://www.ncbi.nlm.nih.gov/SNP/) and Allele

Frequency Database (ALFRED; http://alfred.med.yale.edu/

), it is unclear how these findings generalize to patients of

other races/ethnicities, among whom the variant allele is

much less common.

Our results show that KRAS-LCS6 genotype alone is

not a meaningful predictor of outcome for colorectal can-

cer patients as a whole or for those with metastatic dis-

ease treated with anti-EGFR therapy. However, as several

of the studies included in this review reported significant

associations with outcome in well-conducted, prospective

studies, it arouses the possibility that the prognostic value

of KRAS-LCS6 genotype may be largely dependent on the

combination therapy (if any) used in conjunction with

the anti-EGFR treatment. Additional future studies are

required to determine the effectiveness of KRAS-LCS6

genotype in the prognostication of patients treated with

specific anti-EGFR mono and combination therapy regi-

mens.
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Jonsson, Å. Öberg, et al. 2013. The prognostic role of

KRAS, BRAF, PIK3CA and PTEN in colorectal cancer. Br.

J. Cancer 108:2153–2163.

12. Johnson, S. M., H. Grosshans, J. Shingara, M. Byrom, R.

Jarvis, A. Cheng, et al. 2005. RAS is regulated by the let-7

microRNA family. Cell 120:635–647.

13. Cerne, J. Z., V. Stegel, K. Gersak, and S. Novakovic. 2012.

KRAS rs61764370 is associated with HER2-overexpressed

and poorly-differentiated breast cancer in hormone

replacement therapy users: a case control study. BMC

Cancer 12:105.

14. Chin, L. J., E. Ratner, S. Leng, R. Zhai, S. Nallur, I. Babar,

et al. 2008. A SNP in a let-7 microRNA complementary

site in the KRAS 30 untranslated region increases

non-small cell lung cancer risk. Cancer Res. 68:8535–8540.

15. Hollestelle, A., C. Pelletier, M. Hooning, E. Crepin, M.

Schutte, M. Look, et al. 2011. Prevalence of the variant

allele rs61764370 T>G in the 30UTR of KRAS among

Dutch BRCA1, BRCA2 and non-BRCA1/BRCA2 breast

cancer families. Breast Cancer Res. Treat. 128:79–84.

16. Paranjape, T., H. Heneghan, R. Lindner, F. K. Keane, A.

Hoffman, A. Hollestelle, et al. 2011. A 30-untranslated
region KRAS variant and triple-negative breast cancer: a

case-control and genetic analysis. Lancet Oncol. 12:377–386.

17. Pilarski, R., D. A. Patel, J. Weitzel, T. McVeigh, J. J.

Dorairaj, H. M. Heneghan, et al. 2012. The KRAS-variant

is associated with risk of developing double primary breast

and ovarian cancer. PLoS ONE 7:e37891.

18. Ratner, E., L. Lu, M. Boeke, R. Barnett, S. Nallur, L. J.

Chin, et al. 2010. A KRAS-variant in ovarian cancer acts as

a genetic marker of cancer risk. Cancer Res. 70:6509–6515.

19. Graziano, F., E. Canestrari, F. Loupakis, A. Ruzzo, N.

Galluccio, D. Santini, et al. 2010. Genetic modulation of

the Let-7 microRNA binding to KRAS 30-untranslated
region and survival of metastatic colorectal cancer patients

treated with salvage cetuximab-irinotecan.

Pharmacogenomics J. 10:458–464.

20. Kjersem, J. B., T. Ikdahl, T. Guren, E. Skovlund, H.

Sorbye, J. Hamfjord, et al. 2012. Let-7 miRNA-binding site

polymorphism in the KRAS 30UTR; colorectal cancer
screening population prevalence and influence on clinical

outcome in patients with metastatic colorectal cancer

treated with 5-fluorouracil and oxaliplatin � cetuximab.

BMC Cancer 12:534.

21. Ruzzo, A., F. Graziano, B. Vincenzi, E. Canestrari, G.

Perrone, N. Galluccio, et al. 2012. High let-7a

microRNA levels in KRAS-mutated colorectal carcinomas

may rescue anti-EGFR therapy effects in patients with

chemotherapy-refractory metastatic disease. Oncologist

17:823–829.

22. Ryan, B. M., A. I. Robles, and C. C. Harris. 2012. KRAS-LCS6

genotype as a prognostic marker in early-stage CRC–letter.

Clin. Cancer Res. 18:3487–3488. author reply 3489.

23. Sebio, A., L. Pare, D. Paez, J. Salazar, A. Gonzalez, N. Sala,

et al. 2013. The LCS6 polymorphism in the binding site of

let-7 microRNA to the KRAS 30-untranslated region: its

role in the efficacy of anti-EGFR-based therapy in

metastatic colorectal cancer patients. Pharmacogenet.

Genomics 23:142–147.

24. Smits, K. M., T. Paranjape, S. Nallur, K. A. Wouters, M.

P. Weijenberg, L. J. Schouten, et al. 2011. A let-7

microRNA SNP in the KRAS 30UTR is prognostic in

early-stage colorectal cancer. Clin. Cancer Res. 17:7723–

7731.

25. Zhang, W., M. J. Labonte, and H. J. Lenz. 2011. KRAS

let-7 LCS6 SNP predicts cetuximab efficacy in KRASwt

metastatic colorectal cancer patients: does treatment

combination partner matter? Ann. Oncol. 22:484–485.

26. Zhang, W., T. Winder, Y. Ning, A. Pohl, D. Yang, M.

Kahn, et al. 2011. A let-7 microRNA-binding site

polymorphism in 30-untranslated region of KRAS gene

predicts response in wild-type KRAS patients with

metastatic colorectal cancer treated with cetuximab

monotherapy. Ann. Oncol. 22:104–109.

27. Christensen, B. C., B. J. Moyer, M. Avissar, L. G. Ouellet,

S. L. Plaza, M. D. McClean, et al. 2009. A let-7

microRNA-binding site polymorphism in the KRAS 30

UTR is associated with reduced survival in oral cancers.

Carcinogenesis 30:1003–1007.

28. Ratner, E. S., F. K. Keane, R. Lindner, R. A. Tassi, T.

Paranjape, M. Glasgow, et al. 2012. A KRAS variant is a

biomarker of poor outcome, platinum chemotherapy

resistance and a potential target for therapy in ovarian

cancer. Oncogene 31:4559–4566.

29. Booth, A., M. Clarke, D. Ghersi, D. Moher, M. Petticrew

and L. Stewart. 2011. An international registry of

systematic-review protocols. Lancet 377:108–109.

30. Parmar, M. K., V. Torri, and L. Stewart. 1998. Extracting

summary statistics to perform meta-analyses of the

published literature for survival endpoints. Stat. Med.

17:2815–2834.

31. Michiels, S., P. Piedbois, S. Burdett, N. Syz, L. Stewart and

J. P. Pignon. 2005. Meta-analysis when only the median

survival times are known: a comparison with individual

patient data results. Int. J. Technol. Assess. Health Care

21:119–125.

32. Sterne, J. A. C., M. J. Bradburn, and M. Egger. 2001.

Meta-analysis in Stata. Pp. 347–369 in M. Egger, G. Davey

Smith, D. G. Altman, eds. Systematic reviews in health

care: meta-analysis in context. 2nd ed. BMJ, London, U.K.

33. Higgins, J. P., and S. G. Thompson. 2002. Quantifying

heterogeneity in a meta-analysis. Stat. Med. 21:1539–1558.

34. Egger, M., G. Davey Smith, M. Schneider, and C. Minder.

1997. Bias in meta-analysis detected by a simple, graphical

test. BMJ 315:629–634.

35. Ruzzo, A., E. Canestrari, N. Galluccio, D. Santini, B.

Vincenzi, G. Tonini, et al. 2011. Role of KRAS let-7 LCS6

1394 ª 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Meta-Analysis of LCS6 and CRC Outcome S. M. Langevin & B. C. Christensen



SNP in metastatic colorectal cancer patients. Ann. Oncol.

22:234–235.

36. Kundu, S. T., S. Nallur, T. Paranjape, M. Boeke, J. B.

Weidhaas and F. J. Slack. 2012. KRAS alleles: the LCS6

30UTR variant and KRAS coding sequence mutations in

the NCI-60 panel. Cell Cycle 11:361–366.

37. Lettre, G., A. U. Jackson, C. Gieger, F. R. Schumacher,

S. I. Berndt, S. Sanna, et al. 2008. Identification of ten loci

associated with height highlights new biological pathways

in human growth. Nat. Genet. 40:584–591.

38. Pan, X. M., R. F. Sun, Z. H. Li, X. M. Guo, Z. Zhang, H.

J. Qin, et al. 2014. A let-7 KRAS rs712 polymorphism

increases colorectal cancer risk. Tumour Biol. 35:831–835.

39. Heinemann, V., J. Y. Douillard, M. Ducreux, and M.

Peeters. 2013. Targeted therapy in metastatic colorectal

cancer—an example of personalised medicine in action.

Cancer Treat. Rev. 39:592–601.

40. Moher, D., A. Liberati, J. Tetzlaff, and D. G. Altman. 2009.

Preferred reporting items for systematic reviews and

meta-analyses: the PRISMA statement. BMJ 339:b2535.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Figure S1. Forest plots for the subgroup analyses of the

association between KRAS-LCS6 and overall survival for

patients lacking a somatic KRAS mutation.

Figure S2. Forest plots for the subgroup analyses of the

association between KRAS-LCS6 and progression-free sur-

vival for patients lacking a somatic KRAS mutation.

ª 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 1395

S. M. Langevin & B. C. Christensen Meta-Analysis of LCS6 and CRC Outcome


