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Osimertinib Plus Ramucirumab: The Best of Both Worlds?

Edward B. Garon, M.D. [Professor of Medicine]
Division of Hematology/Oncology, David Geffen School of Medicine at the University of California, 
Los Angeles, 2825 Santa Monica Blvd., Suite 200, Santa Monica, CA 90404

Summary:

Both osimertinib and the combination of erlotinib plus ramuciumab are approved for initial 

therapy of advanced epidermal growth factor receptor (EGFR) mutation positive non-small cell 

lung cancer (NSCLC). Osimertinib is also approved in previously treated T790M mutation 

positive patients. The accompanying manuscript reports on a study combining osimertinib with 

ramucirumab.

In this issue of CLINICAL CANCER RESEARCH, Yu and colleagues (1) evaluate the 

combination of osimertinib, a third generation EGFR inhibitor, and ramucirumab, an 

antibody directed against vascular endothelial growth factor receptor 2 (VEGFR-2), in 

T790M mutation positive NSCLC. EGFR inhibitors were first approved for NSCLC over 15 

years ago. Tremendous efficacy was observed among a subset of patients. The benefit was 

subsequently demonstrated to be essentially restricted to patients whose tumors harbored 

mutations in the EGFR gene (2). Unfortunately, resistance to EGFR inhibition essentially 

always occurs, and the profound benefit seen with immune checkpoint inhibition in NSCLC 

has generally eluded EGFR mutation positive patients (3). As a result, five-year survival 

rates remain poor.

In the past decade, research has focused on improving outcomes among EGFR mutation 

positive NSCLC patients. Yet, until recently, most patients with metastatic disease received 

first generation EGFR inhibitor monotherapy, either gefitinib or erlotinib, as initial therapy. 

The most common mechanism of resistance was the appearance of a second mutation in 

EGFR, the T790M mutation. This mutation substitutes a bulky methionine for threonine, 

impeding the efficacy of gefitinib or erlotinib. While second generation EGFR inhibitors 

afatinib and dacomitinib demonstrated limited efficacy in a salvage setting, patients with this 

second mutation can be effectively treated with osimertinib, leading to its approval in this 

setting. The efficacy of osimertinib in patients with T790M mutations whose initial therapy 

was not erlotinib or gefitinib monotherapy is not particularly well described.
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In the last several years, multiple studies have shown alternate approaches associated with 

greater progression free survival (PFS) than first generation EGFR inhibitor monotherapy as 

initial therapy. These newer approaches fall into four categories: 1) second generation EGFR 

inhibitors (afatinib and dacomitinib), 2) third generation EGFR inhibitors (osimertinib), 3) 

erlotinib plus anti-angiogenic agents (bevacizumab and ramucirumab) and 4) gefitinib plus 

chemotherapy (carboplatin and pemetrexed) (4). These approaches are available in United 

States based on approval by the Food and Drug Administration or recognition from the 

National Comprehensive Cancer Network. Practitioners are left to choose among these 

options based on assessment of the relative efficacy, toxicity and potential treatment options 

at the time of disease progression (Figure 1).

Of course, there are limitations in comparing efficacy and toxicity of approaches in cross-

trial comparisons. Interpretation of survival data among trials is difficult based on 

differences in study size, duration of follow up and availability of subsequent therapy at the 

time of disease progression. Also, while there is general agreement regarding the favorable 

tolerability of osimertinib, assessing tolerability of combinations is complicated by the 

disparate degree to which the same grade of different event types affect the patient 

experience (e.g. grade 3 hypertension, neutropenic fever, rash, or thrombocytopenia).

A wealth of preclinical data supports the particular relevance of anti-angiogenic approaches 

in EGFR mutation positive patients. In vitro and in vivo experiments demonstrate enhanced 

inhibition of tumor growth as well as evidence of cross talk between the EGFR and VEGFR 

pathways. Yet, as the historic standard of care has been erlotinib, clinical combinations have 

combined anti-angiogenic therapy with erlotinib.

When multiple approaches prove superior to an older standard of care, oncologists naturally 

attempt to combine aspects of these newer therapies to further improve outcomes. Studies 

attempting this have begun for initial treatment of patients with metastatic EGFR mutation 

positive NSCLC. The FLAURA2 study compares osimertinib monotherapy to the 

combination of a platinum chemotherapeutic, pemetrexed and osimertinib (NCT04035486). 

In this issue of CLINICAL CANCER RESEARCH, Yu and colleagues evaluate the 

combination of osimertinib and the anti-angiogenic agent ramucirumab in 25 previously 

treated patients with an acquired T790M mutation (1).

As osimertinib is associated with superior efficacy and a favorable toxicity profile compared 

to erlotinib, there has been tremendous enthusiasm about combining osimertinib with anti-

angiogenic therapy. The combination has potential to combat the most common mechanism 

of resistance for all frontline treatment options except osimertinib while incorporating the 

potential added efficacy of an anti-angiogenic. However, the evaluated study population in 

the manuscript by Yu and colleagues, patients who received neither osimertinib nor an anti-

angiogenic therapy as part of their initial therapy for advanced disease, has become 

increasingly uncommon. Therefore, the true value of this study lies in applying it to alternate 

clinical situations.

Relevance of the data from the study by Yu and colleagues is limited among patients who 

initially receive single agent osimertinib. In addition to the different molecular situation 
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(osimertinib does not generate selective pressure for the secondary T790M mutation), these 

patients have already received the regimen’s major driver of benefit, osimertinib. The 

relevance in patients who received erlotinib plus an anti-angiogenic agent is similarly 

unclear, as the benefit of switching out the EGFR inhibitor as opposed to initiating 

osimertinib monotherapy is questionable. This regimen could hypothetically be of benefit in 

patients who received a second generation EGFR inhibitor or carboplatin and pemetrexed 

plus gefitinib, but this would be an unverified extrapolation. Of course, the greatest potential 

impact of this data would be combining an anti-angiogenic agent with osimertinib as initial 

therapy.

With respect to efficacy, the objective response rate of 76% and the PFS of 11.0 months 

reported by Yu and colleagues are numerically greater than the phase III study of osimertinib 

vs chemotherapy, 71% and 8.5 months respectively (5), but not markedly better. While a 25 

patients study cannot definitively demonstrate superiority over an historical control, this 

study did not provide strong evidence of increased efficacy. With respect to toxicity, the data 

reported by Yu and colleagues appears substantially worse than single agent osimertinib. 

Grade 3 treatment emergent adverse events (AEs) were seen in 64% as opposed to 23% with 

osimertinib alone (5). Both manuscripts present grade 3 or greater treatment related AEs 

(TRAEs) restricted to TRAEs seen in at least 10% of patients. Again, numerically these 

TRAEs were clearly higher for the addition of ramucirumab to osimertinib, 28% as opposed 

to 6%. Yet, all but one treatment related grade 3 adverse event was either hypertension or 

thrombocytopenia, events that can generally be treated or monitored respectively. In 

addition, one patient died of congestive heart failure felt to be related to treatment. Two 

other cardiac deaths were considered unrelated, including one case of pulmonary edema, 

which can be plausibly related to hypertension.

So, in summary, there has been tremendous progress in the last several years in the 

management of EGFR mutation positive NSCLC. The frontline approaches that have 

dominated the treatment landscape for the first 15 years of targeted therapy for this group 

have been largely supplanted by regimens that increase PFS, but five-year survival remains 

poor. The manuscript by Yu and colleagues give us information about the potential for 

improvement in efficacy with a generally tolerable safety profile of osimertinib plus 

ramucirumab, but the results are far from convincing. Whether this approach is truly offering 

us the best of two different treatment approaches as opposed to substantially increased 

toxicity for similar efficacy is unclear and will require larger studies to clarify.

Acknowledgments:

E. B. Garon is supported by the National Cancer Institute (CA208403).

References

1. Yu HA, Paz-Ares LG, Yang JC, Lee KH, Garrido P, Park K, Kim JH, Lee DH, Mao H, 
Wijayawardana SR, Gao L, Hozak RR, Chao BH, Planchard D. Phase 1 Study of the Efficacy and 
Safety of Ramucirumab in Combination with Osimertinib in Advanced T790M-Positive EGFR-
Mutant Non-Small Cell Lung Cancer. Clin Cancer Res. 2020. Epub 2020/10/14. doi: 
10.1158/1078-0432.CCR-20-1690. PubMed PMID: 33046516.

Garon Page 3

Clin Cancer Res. Author manuscript; available in PMC 2021 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N, Sunpaweravong P, Han B, Margono 
B, Ichinose Y, Nishiwaki Y, Ohe Y, Yang JJ, Chewaskulyong B, Jiang H, Duffield EL, Watkins CL, 
Armour AA, Fukuoka M. Gefitinib or carboplatin-paclitaxel in pulmonary adenocarcinoma. N Engl 
J Med. 2009;361(10):947–57. Epub 2009/08/21. doi: 10.1056/NEJMoa0810699. PubMed PMID: 
19692680. [PubMed: 19692680] 

3. Lisberg A, Cummings A, Goldman JW, Bornazyan K, Reese N, Wang T, Coluzzi P, Ledezma B, 
Mendenhall M, Hunt J, Wolf B, Jones B, Madrigal J, Horton J, Spiegel M, Carroll J, Gukasyan J, 
Williams T, Sauer L, Wells C, Hardy A, Linares P, Lim C, Ma L, Adame C, Garon EB. A Phase II 
Study of Pembrolizumab in EGFR-Mutant, PD-L1+, Tyrosine Kinase Inhibitor Naive Patients With 
Advanced NSCLC. J Thorac Oncol. 2018;13(8):1138–45. Epub 2018/06/07. doi: 10.1016/
j.jtho.2018.03.035. PubMed PMID: 29874546; PMCID: PMC6063769. [PubMed: 29874546] 

4. Le X, Nilsson M, Goldman J, Reck M, Nakagawa K, Kato T, Ares LP, Frimodt-Moller B, Wolff K, 
Visseren-Grul C, Heymach JV, Garon EB. Dual EGFR/VEGF pathway inhibition: a promising 
strategy for patients with EGFR-mutant NSCLC. J Thorac Oncol. 2020. Epub 2020/10/24. doi: 
10.1016/j.jtho.2020.10.006. PubMed PMID: 33096270.

5. Mok TS, Wu YL, Ahn MJ, Garassino MC, Kim HR, Ramalingam SS, Shepherd FA, He Y, 
Akamatsu H, Theelen WS, Lee CK, Sebastian M, Templeton A, Mann H, Marotti M, Ghiorghiu S, 
Papadimitrakopoulou VA, Investigators A. Osimertinib or Platinum-Pemetrexed in EGFR T790M-
Positive Lung Cancer. N Engl J Med. 2017;3767):629–40. Epub 2016/12/14. doi: 10.1056/
NEJMoa1612674. PubMed PMID: 27959700; PMCID: PMC6762027. [PubMed: 27959700] 

6. Seto T, Kato T, Nishio M, Goto K, Atagi S, Hosomi Y, Yamamoto N, Hida T, Maemondo M, 
Nakagawa K, Nagase S, Okamoto I, Yamanaka T, Tajima K, Harada R, Fukuoka M, Yamamoto N. 
Erlotinib alone or with bevacizumab as first-line therapy in patients with advanced non-squamous 
non-small-cell lung cancer harbouring EGFR mutations (JO25567): an open-label, randomised, 
multicentre, phase 2 study. Lancet Oncol. 2014;15(11):1236–44. Epub 2014/09/02. doi: 10.1016/
S1470-2045(14)70381-X. PubMed PMID: 25175099. [PubMed: 25175099] 

7. Nakagawa K, Garon EB, Seto T, Nishio M, Ponce Aix S, Paz-Ares L, Chiu CH, Park K, Novello S, 
Nadal E, Imamura F, Yoh K, Shih JY, Au KH, Moro-Sibilot D, Enatsu S, Zimmermann A, Frimodt-
Moller B, Visseren-Grul C, Reck M, Investigators RS. Ramucirumab plus erlotinib in patients with 
untreated, EGFR-mutated, advanced non-small-cell lung cancer (RELAY): a randomised, double-
blind, placebo-controlled, phase 3 trial. Lancet Oncol. 2019;20(12):1655–69. Epub 2019/10/09. doi: 
10.1016/S1470-2045(19)30634-5. PubMed PMID: 31591063. [PubMed: 31591063] 

8. Saito H, Fukuhara T, Furuya N, Watanabe K, Sugawara S, Iwasawa S, Tsunezuka Y, Yamaguchi O, 
Okada M, Yoshimori K, Nakachi I, Gemma A, Azuma K, Kurimoto F, Tsubata Y, Fujita Y, 
Nagashima H, Asai G, Watanabe S, Miyazaki M, Hagiwara K, Nukiwa T, Morita S, Kobayashi K, 
Maemondo M. Erlotinib plus bevacizumab versus erlotinib alone in patients with EGFR-positive 
advanced non-squamous non-small-cell lung cancer (NEJ026): interim analysis of an open-label, 
randomised, multicentre, phase 3 trial. Lancet Oncol. 2019;20(5):625–35. Epub 2019/04/13. doi: 
10.1016/S1470-2045(19)30035-X. PubMed PMID: 30975627. [PubMed: 30975627] 

9. Hosomi Y, Morita S, Sugawara S, Kato T, Fukuhara T, Gemma A, Takahashi K, Fujita Y, Harada T, 
Minato K, Takamura K, Hagiwara K, Kobayashi K, Nukiwa T, Inoue A, North-East Japan Study G. 
Gefitinib Alone Versus Gefitinib Plus Chemotherapy for Non-Small-Cell Lung Cancer With 
Mutated Epidermal Growth Factor Receptor: NEJ009 Study. J Clin Oncol. 2020;38(2):115–23. 
Epub 2019/11/05. doi: 10.1200/JCO.19.01488. PubMed PMID: 31682542. [PubMed: 31682542] 

10. Noronha V, Patil VM, Joshi A, Menon N, Chougule A, Mahajan A, Janu A, Purandare N, Kumar 
R, More S, Goud S, Kadam N, Daware N, Bhattacharjee A, Shah S, Yadav A, Trivedi V, Behel V, 
Dutt A, Banavali SD, Prabhash K. Gefitinib Versus Gefitinib Plus Pemetrexed and Carboplatin 
Chemotherapy in EGFR-Mutated Lung Cancer. J Clin Oncol. 2020;38(2):124–36. Epub 
2019/08/15. doi: 10.1200/JCO.19.01154. PubMed PMID: 31411950. [PubMed: 31411950] 

11. Park K, Tan EH, O'Byrne K, Zhang L, Boyer M, Mok T, Hirsh V, Yang JC, Lee KH, Lu S, Shi Y, 
Kim SW, Laskin J, Kim DW, Arvis CD, Kolbeck K, Laurie SA, Tsai CM, Shahidi M, Kim M, 
Massey D, Zazulina V, Paz-Ares L. Afatinib versus gefitinib as first-line treatment of patients with 
EGFR mutation-positive non-small-cell lung cancer (LUX-Lung 7): a phase 2B, open-label, 
randomised controlled trial. Lancet Oncol. 2016;17(5):577–89. Epub 2016/04/17. doi: 10.1016/
S1470-2045(16)30033-X. PubMed PMID: 27083334. [PubMed: 27083334] 

Garon Page 4

Clin Cancer Res. Author manuscript; available in PMC 2021 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. Wu YL, Cheng Y, Zhou X, Lee KH, Nakagawa K, Niho S, Tsuji F, Linke R, Rosell R, Corral J, 
Migliorino MR, Pluzanski A, Sbar EI, Wang T, White JL, Nadanaciva S, Sandin R, Mok TS. 
Dacomitinib versus gefitinib as first-line treatment for patients with EGFR-mutation-positive non-
small-cell lung cancer (ARCHER 1050): a randomised, open-label, phase 3 trial. Lancet Oncol. 
2017;18(11):1454–66. Epub 2017/09/30. doi: 10.1016/S1470-2045(17)30608-3. PubMed PMID: 
28958502. [PubMed: 28958502] 

13. Soria JC, Ohe Y, Vansteenkiste J, Reungwetwattana T, Chewaskulyong B, Lee KH, Dechaphunkul 
A, Imamura F, Nogami N, Kurata T, Okamoto I, Zhou C, Cho BC, Cheng Y, Cho EK, Voon PJ, 
Planchard D, Su WC, Gray JE, Lee SM, Hodge R, Marotti M, Rukazenkov Y, Ramalingam SS, 
Investigators F. Osimertinib in Untreated EGFR-Mutated Advanced Non-Small-Cell Lung Cancer. 
N Engl J Med. 2018;378(2):113–25. Epub 2017/11/21. doi: 10.1056/NEJMoa1713137. PubMed 
PMID: 29151359. [PubMed: 29151359] 

Garon Page 5

Clin Cancer Res. Author manuscript; available in PMC 2021 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Considerations for selecting initial therapy in EGFR mutation positive patients. 1L, first-

line; AE, adverse event; NR, not reported.

Garon Page 6

Clin Cancer Res. Author manuscript; available in PMC 2021 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Summary:
	References
	Figure 1.



