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Investigating KRAS status and the efficacy of anti-VEGF treatment in advanced 
lung adenocarcinoma 
 
Background 
 
Previously, our group performed a mutation subtype-specific analysis of 505 stage III–
IV LADC patients treated with platinum-based CHT and found that there were no 
significant differences in progression-free survival (PFS) and overall survival (OS) 
among patients with wild type (WT), codon 12 and codon 13 KRAS mutations. 
Importantly, however, G12V KRAS mutant patients tended to have a higher response 
rate and a modestly longer median PFS [1].  
Increased expression and the negative prognostic role of vascular endothelial growth 
factor (VEGF, the key angiogenic cytokine) have been reported in most solid tumors 
including NSCLC [2] [3]. Several phase 2 and 3 clinical trials demonstrated that the 
addition of bevacizumab (BEV, a humanized monoclonal antibody against the VEGF-
A isoform) to CHT improves PFS and OS of NSCLC patients [4-11]. Accordingly, 
BEV in combination with platinum-based CHT was approved for the first-line 
treatment of patients with advanced-stage NSCLC by the FDA and the EMEA 
(European Medicines Agency) in 2006 and 2007, respectively. The efficacy of 
bevacizumab in a real-life setting in Hungary was shown in the Avalanche study [12]. 
Although the RAS/RAF/MEK/ERK signaling pathway has been implicated in the 
regulation of VEGF expression and angiogenesis [13-15], only very few studies 
investigated the effect of KRAS mutation on the efficacy of BEV therapy. Most studies 
focused on CRC, where the addition of BEV to CHT prolonged survival regardless of 
KRAS mutational status [16-22]. Two different groups, however, demonstrated that 
G12V, G12A [23] and G12D [24] KRAS mutations are associated with poor outcome 
in metastatic CRC patients receiving BEV. As for nonsquamous NSCLC, in a phase 2 
trial evaluating the addition of neoadjuvant BEV to CHT, Chaft et al. found that no 
patient (0 out of 10) with KRAS mutation showed pathological response to neoadjuvant 
BEV/CHT, in comparison to 11 of 31 KRAS WT patients [25]. In another small study 
of stage IV NSCLC, BEV therapy was associated with improved OS and PFS in KRAS 
WT (n=26) but not in KRAS-mutant (n=16) patients [26]. Here, we report the results 
of the first study, to our knowledge, of amino acid substitution-specific KRAS 
mutational status analysis in a large cohort of BEV/CHT-treated stage III-IV Caucasian 
patients.  
 
Results 
 
Incidence of KRAS mutations in LADC patients treated with bevacizumab and 
chemotherapy 
 
One hundred and seventy patients of the full cohort of 501 cases were identified as 
KRAS-mutant (33.9%) and 331 (66.1%) as KRAS WT, Table 1). All patients had 
advanced LADC and Caucasian background. 38.5% (n=95) of the patients treated in 
the BEV/CHT group were KRAS-mutant, whereas in the CHT group this ratio was 
29.5% (n=75) (P=0.012). There were no significant differences between the BEV/CHT 
and CHT groups with respect to age (P=0.193), smoking status (p=0.072), gender 
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(p=0.506) or tumor stage (P=0. 610). There were significantly more ECOG 1 (vs. 
EVOG 0) patients in the BEV/CHT group (P=0.031, Table 1).   
In the BEV/CHT sub-cohort, 35 (36.8%), 19 (20%) and 20 (21%) cases were classified 
as G12C, G12D and G12V mutants, respectively (Supplementary Table 1). Other rare 
(i.e. n<3) KRAS exon 2 mutation subtypes (G12A, G12R, G12S, G13C, G13D) were 
also found in the BEV group. Subtype specific mutations were technically not 
assessable in 21 cases (Supplementary Table 1). 
In order to study the clinical relevance of KRAS mutations, we performed comparative 
statistical analyses of KRAS status and clinicopathological variables in both the 
BEV/CHT (Table 1A) and the CHT sub-cohorts (Table 1B). As for the BEV/CHT 
group, ever-smoking and KRAS mutational statuses showed a significant positive 
correlation (P=0.008, Table 1A). KRAS mutation was also significantly more common 
in female BEV/CHT patients (vs. males; P=0.002). ECOG status and clinical stage did 
not differ between KRAS-mutant and KRAS WT patients in the BEV/CHT group 
significantly (P=0.056 and P=0.16, respectively, Table 1A). The presence of KRAS 
mutation did not correlate with age (P=0.09). Of note, we did not detect significant 
associations of KRAS mutational status with age, smoking status, gender, ECOG status, 
stage, PFS or OS in the CHT group (Table 1B).  
 
The presence of KRAS mutations has clinical utility in predicting disease outcome in 
LADC patients receiving concurrent antiangiogenic and chemotherapy 
 
As expected, patients in the BEV/CHT group had significantly longer median OS than 
those receiving CHT only (P<0.0001, log-rank test; Supplementary Figure 1). This 
difference was even more remarkable when only KRAS WT patients were compared 
(P<0.0001, log-rank test, Figure 1A). Nevertheless, the addition of BEV to CHT was 
also associated with significant benefit in OS if KRAS-mutant patients were compared 
with those in the CHT alone cohort (P=0.0002, log-rank test, Figure 1A).  
We next investigated if KRAS mutational status influences the efficacy of CHT with 
or without BEV in advanced LADC. There was no difference in OS between patients 
with KRAS-mutant versus KRAS WT tumors in the CHT alone group (P=0.6771, log-
rank test, Figure 1A). Importantly, however, in the BEV/CHT group we found that 
KRAS-mutant LADC patients had significantly shorter median PFS and OS than did 
KRAS WT patients (P=0.0255 and P=0.0186, respectively, log-rank test; Figures 1B 
and 1A). In support of this, multivariate Cox regression analyses revealed that KRAS 
status (mutant vs. WT) at diagnosis influenced OS (HR 0.645, 95% CI 0.458-0.908, 
P= 0.012) and PFS (HR 0.597, 95% CI 0.402-0.887, P= 0.011) independently from age 
(continuous; P values were 0.081and 0.628, respectively), gender (female vs. male; P 
values were 0.005 and 0.001, respectively), smoking status (never- vs. ever-smoker; P 
values were 0.907 and 0.835, respectively), ECOG PS (0 vs. 1; P values were 0.193 
and 0.177, respectively) and tumor stage (III. vs. IV; P values were 0.048 and 0.617, 
respectively; Table 2). These analyses also identified more advanced tumor stage as a 
significant independent negative prognostic factor for OS but not for PFS (P values 
were 0.048 and 0.617, respectively, Table 2). Gender proved to be an independent 
prognosticator for both OS and PFS in a multivariate Cox regression model as well (P 
values were 0.005 and 0.001, respectively, Table 2).  
 
Distinct efficacy of BEV/CHT in advanced LADC patients with different subtype-
specific KRAS mutations 
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Next, we looked at the clinicopathological characteristics of KRAS codon 12-mutant 
LADC patients receiving BEV/CHT and performed a statistical analysis on their 
associations with amino acid-specific mutational status. We identified 35 (36.8%) 
G12C, 19 G12D (20%), 20 G12V (21%), 3 G12A (3.2%%), 1 G12S (1%), 1 G12R 
(1%), 3 G13D (3.1%), and 1 G13C (1%) cases. Significant associations of subtype-
specific KRAS mutational status with age, smoking status, gender, ECOG PS or tumor 
stage were not detected (Supplementary Table 1). Importantly, KRAS G12D mutation 
conferred a significant disadvantage for PFS when compared with KRAS WT 
(P<0.0001; log-rank test, Figure 2A) or all the other codon 12 or 13 KRAS (G12/13x) 
mutations (P=0032; log-rank test, Figure 2A). In line with the PFS data, patients with 
KRAS G12D mutant tumors had significantly shorter OS than those presenting with 
KRAS WT or with other KRAS codon 12 or 13 mutant (G12/13x) tumors (P=0.022 
and P=0.0144, respectively; log-rank test, Figure 2B).   
 
Conclusion 
 
Although KRAS is the most frequently mutated oncogene in NSCLC, our knowledge 
on the effect of KRAS mutation on response to BEV in lung cancer is very limited. 
Therefore, here we analyzed a large Caucasian patient cohort (n=501) with stage III–
IV LADC treated with platinum-based chemotherapy alone or in combination with 
BEV. Here, we presented novel evidence for use of BEV in stage III-IV LADC patients 
with KRAS-mutant tumors -and especially with KRAS G12D-mutant tumors -, 
demonstrating inferior activity of this drug compared to that in LADC patients with 
non–KRAS-mutant tumors. Our data may not only help to improve the efficacy of 
BEV, but through better patient selection, could also help to decrease the unnecessary 
use of this expensive agent in human LADC.  
 
  



4 
 

References 
 
1. Cserepes, M., et al., Subtype-specific KRAS mutations in advanced lung 

adenocarcinoma: a retrospective study of patients treated with platinum-
based chemotherapy. Eur J Cancer, 2014. 50(10): p. 1819-28. 

2. Gentzler, R.D., S.E. Yentz, and J.D. Patel, Bevacizumab in advanced NSCLC: 
chemotherapy partners and duration of use. Curr Treat Options Oncol, 
2013. 14(4): p. 595-609. 

3. Zhan, P., et al., Prognostic value of vascular endothelial growth factor 
expression in patients with lung cancer: a systematic review with meta-
analysis. J Thorac Oncol, 2009. 4(9): p. 1094-103. 

4. Sandler, A., et al., Paclitaxel-carboplatin alone or with bevacizumab for 
non-small-cell lung cancer. N Engl J Med, 2006. 355(24): p. 2542-50. 

5. Johnson, D.H., et al., Randomized phase II trial comparing bevacizumab 
plus carboplatin and paclitaxel with carboplatin and paclitaxel alone in 
previously untreated locally advanced or metastatic non-small-cell lung 
cancer. J Clin Oncol, 2004. 22(11): p. 2184-91. 

6. Novotny WF, H.E., Griffing S, et al. , Identification of squamous cell 
histology and central, cavitary tumors as possible risk factors for 
pulmonary hemorrhage (PH) in patients with advanced NSCLC receiving 
bevacizumab (BV). . Proc Am Soc Clin Oncol 2001. 20. 

7. Reck, M., et al., Phase III trial of cisplatin plus gemcitabine with either 
placebo or bevacizumab as first-line therapy for nonsquamous non-small-
cell lung cancer: AVAil. J Clin Oncol, 2009. 27(8): p. 1227-34. 

8. Reck, M., et al., Overall survival with cisplatin-gemcitabine and 
bevacizumab or placebo as first-line therapy for nonsquamous non-small-
cell lung cancer: results from a randomised phase III trial (AVAiL). Ann 
Oncol, 2010. 21(9): p. 1804-9. 

9. Shimizu, R., et al., The safety and efficacy of paclitaxel and carboplatin with 
or without bevacizumab for treating patients with advanced nonsquamous 
non-small cell lung cancer with interstitial lung disease. Cancer Chemother 
Pharmacol, 2014. 74(6): p. 1159-66. 

10. Twelves, C., et al., Randomised phase II study of axitinib or bevacizumab 
combined with paclitaxel/carboplatin as first-line therapy for patients with 
advanced non-small-cell lung cancer. Ann Oncol, 2014. 25(1): p. 132-8. 

11. Patel, J.D., et al., PointBreak: a randomized phase III study of pemetrexed 
plus carboplatin and bevacizumab followed by maintenance pemetrexed 
and bevacizumab versus paclitaxel plus carboplatin and bevacizumab 
followed by maintenance bevacizumab in patients with stage IIIB or IV 
nonsquamous non-small-cell lung cancer. J Clin Oncol, 2013. 31(34): p. 
4349-57. 

12. Tolnay, E., et al., The efficacy and safety of bevacizumab in addition to 
platinum-based chemotherapy for the first-line treatment of patients with 
advanced nonsquamous non-small-cell lung cancer: Final results of 
AVALANCHE, an observational cohort study. Oncology Letters, 2018. 

13. Chin, L., et al., Essential role for oncogenic Ras in tumour maintenance. 
Nature, 1999. 400(6743): p. 468-72. 



5 
 

14. Rak, J., et al., Mutant ras oncogenes upregulate VEGF/VPF expression: 
implications for induction and inhibition of tumor angiogenesis. Cancer Res, 
1995. 55(20): p. 4575-80. 

15. Rak, J., et al., Oncogenes and tumor angiogenesis: differential modes of 
vascular endothelial growth factor up-regulation in ras-transformed 
epithelial cells and fibroblasts. Cancer Res, 2000. 60(2): p. 490-8. 

16. Hurwitz, H.I., et al., The clinical benefit of bevacizumab in metastatic 
colorectal cancer is independent of K-ras mutation status: analysis of a 
phase III study of bevacizumab with chemotherapy in previously untreated 
metastatic colorectal cancer. Oncologist, 2009. 14(1): p. 22-8. 

17. Ince, W.L., et al., Association of k-ras, b-raf, and p53 status with the 
treatment effect of bevacizumab. J Natl Cancer Inst, 2005. 97(13): p. 981-9. 

18. Bencsikova, B., et al., Efficacy of bevacizumab and chemotherapy in the 
first-line treatment of metastatic colorectal cancer: broadening KRAS-
focused clinical view. BMC Gastroenterol, 2015. 15: p. 37. 

19. Price, T.J., et al., Impact of KRAS and BRAF Gene Mutation Status on 
Outcomes From the Phase III AGITG MAX Trial of Capecitabine Alone or in 
Combination With Bevacizumab and Mitomycin in Advanced Colorectal 
Cancer. J Clin Oncol, 2011. 29(19): p. 2675-82. 

20. Sun, D.C., et al., KRAS mutation and primary tumor location do not affect 
efficacy of bevacizumab-containing chemotherapy in stagae IV colorectal 
cancer patients. Sci Rep, 2017. 7(1): p. 14368. 

21. Masi, G., et al., Bevacizumab with FOLFOXIRI (irinotecan, oxaliplatin, 
fluorouracil, and folinate) as first-line treatment for metastatic colorectal 
cancer: a phase 2 trial. Lancet Oncol, 2010. 11(9): p. 845-52. 

22. Stremitzer, S., et al., KRAS status and outcome of liver resection after 
neoadjuvant chemotherapy including bevacizumab. Br J Surg, 2012. 
99(11): p. 1575-82. 

23. Fiala, O., et al., G12V and G12A KRAS mutations are associated with poor 
outcome in patients with metastatic colorectal cancer treated with 
bevacizumab. Tumour Biol, 2016. 37(5): p. 6823-30. 

24. Bruera, G., et al., Worse prognosis of KRAS c.35 G > A mutant metastatic 
colorectal cancer (MCRC) patients treated with intensive triplet 
chemotherapy plus bevacizumab (FIr-B/FOx). BMC Med, 2013. 11: p. 59. 

25. Chaft, J.E., et al., Phase II trial of neoadjuvant bevacizumab plus 
chemotherapy and adjuvant bevacizumab in patients with resectable 
nonsquamous non-small-cell lung cancers. J Thorac Oncol, 2013. 8(8): p. 
1084-90. 

26. Brady, A.K., et al., Survival outcome according to KRAS mutation status in 
newly diagnosed patients with stage IV non-small cell lung cancer treated 
with platinum doublet chemotherapy. Oncotarget, 2015. 6(30): p. 30287-
94. 

 
 



 

 

 

 

  



 

  



 

 

 

 

 



 

 

  



 

Supplementary tables and figures: https://www.mdpi.com/2072-6694/11/10/1514/s1 


