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Mutations occurring in the epidermal growth factor
receptor (EGFR) gene, which encodes a transmembrane
receptor tyrosine kinase (RTK), have been identified
as oncogenic driver mutations in non-small cell lung
cancer (NSCLC). Worldwide, approximately one-third
of cases of newly diagnosed NSCLC harbor an EGFR
mutation, with the highest prevalence observed amongst
patients who are Asian, female, non-smokers, and those
with adenocarcinoma histology (1,2). The prevalence is
significantly lower in Caucasian patients from western
countries. The majority of EGFR mutations occur within
exons 18 to 21, with approximately 80% occurring as in-
frame deletions in exon 19 or the point mutation L858R
in exon 21, termed “common” or “classical” mutations (3).
The remainder of EGFR mutations, termed “uncommon”
or “atypical” mutations, are comprised of a heterogeneous
group of alterations with differing rates of response to
existing therapies. Among the uncommon EGFR mutations,
exon 20 insertions account for approximately 10% of
EGFR-mutant cases and are the third most frequent EGFR
mutation behind exon 19 deletions and exon 21 L858R
mutations (3). The other most prevalent uncommon
mutations include exon 18 G719X (variants G719 A/
C/D/S), exon 21 L861Q, and exon 20 S768I, which
comprise 4.8%, 3.5%, and 2.5% of all EGFR mutations,
respectively (4). Next generation sequencing should be

utilized for mutation screening and identification whenever
possible, as uncommon and compound EGFR mutations
may be missed with conventional polymerase chain reaction
testing.

Patients with NSCLC and common EGFR mutations
have been shown to be sensitive to EGFR tyrosine kinase
inhibitors (TKIs), which are small molecules that inhibit
the binding of ATP at its catalytic site within the receptor,
thereby inhibiting autophosphorylation and downstream
intracellular signaling (5). Multiple generations of EGFR-
TKIs have been approved for first-line use, however due
to acquired resistance mechanisms, such as the Thr790Met
(T790M) point mutation and others, most patients
eventually experience disease progression (6). Osimertinib,
a third-generation EGFR-TKI that selectively inhibits
EGFR mutations and T790M resistance variants, has been
shown to improve outcomes in multiple stages of disease
for patients with NSCLC harboring a common EGFR
mutation (7,8). Indeed, osimertinib has been associated with
improved overall survival (OS) both as adjuvant therapy
following surgical resection for early-stage disease and
as first-line treatment for advanced or metastatic disease
(9,10). Patients with advanced NSCLC containing a
common EGFR mutation have a median OS (mOS) of up to
38.6 months when treated with osimertinib (10).

EGFR exon 20 insertion mutations are one of the
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uncommon mutations with the most prospective treatment
data to date. Unlike the common EGFR mutations, exon 20
insertions result in an altered conformation at the typical
binding site of TKIs, making them less responsive to these
treatments (11). Historically, platinum-based chemotherapy
had been the standard first-line therapy for locally advanced
or metastatic NSCLC with EGFR exon 20 insertions
(12,13). However, based on the results of the recently
published, phase III PAPILLON trial, amivantamab, an
EGFR and mesenchymal-epithelial transition (MET) factor
bispecific antibody, in combination with platinum-based
chemotherapy is now standard of care (14). Amivantamab
was also granted Food and Drug Administration (FDA)
approval for use in the second line setting and beyond in
patients that previously progressed on platinum-based
chemotherapy based upon the results from cohort D of
the phase I CHRYSALIS trial (15). In September 2021,
mobocertinib, an irreversible TKI that selectively targets
in-frame EGFR exon 20 insertions, was granted accelerated
approval by the FDA for use in the second line setting
based on improved progression-free survival (PFS) observed
in the phase I/II NCT02716116 trial (16). However, the
drug was later voluntarily withdrawn from market after not
meeting its primary end point in the phase III setting.

For uncommon EGFR mutations other than exon 20
insertions, given a historical lack of prospective clinical
trials, optimal management of patients with these mutations
is not well-defined. Afatinib, a second-generation EGFR-
TKI, is currently the only FDA approved treatment in the
United States. FDA approval was granted in 2018 based
on the results of a combined post-hoc analysis of the LUX-
Lung 2, LUX-lung 3, and LUX-lung 6 clinical trials. In
this analysis, Yang et 4/. showed that among the 75 patients
with uncommon EGFR mutations enrolled in these trials,
afatinib resulted in an objective response rate (ORR) of
71.5% with a median PFS (mPFS) of 11.0 months (17).
Despite its observed efficacy, afatinib is associated with
significant dermatologic and gastrointestinal toxicities.
In post-hoc analyses of the LUX-lung 3 and LUX-lung 6
clinical trials, dose-reductions were required in 53.3% and
28.0% of patients, respectively, and thus better tolerated
treatments are needed (17).

Here, we discuss the prospective data for the use of
afatinib and osimertinib for uncommon EGFR mutations
and will review retrospective analyses performed in this
patient sub-population. Furthermore, we will highlight
the treatment implications of specific mutation subsets
within the cluster of “uncommon” EGFR mutations,
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impact of compound or co-mutations, and discuss the use
of the EGFR structure-function-based system proposed by
Robichaux and colleagues (18).

Recently published in 7AMA Oncology, the open-label,
prospective, single-arm phase II UNICORN trial examined
the efficacy of osimertinib in 42 patients with advanced
NSCLC harboring an uncommon EGFR mutation (19).
Patients were treatment-naive and enrolled over a 2-year
period across 32 hospitals in Japan participating in the
Tokyo Cooperative Oncology Group. The most frequent
uncommon EGFR mutations observed were G719X (50%),
S7681 25%), and E709X (15%); patients with exon 20
insertions or symptomatic brain metastases were excluded.
Heterogenous compound EGFR mutations with at least 1
uncommon mutation were present in 45% of patients in the
cohort. The ORR for all participants was 55% with a mPFS
of 9.4 months. The median duration of response (mDoR)
was 22.7 months, and mOS was not reached. Sub-group
analysis performed based on mutation sub-types revealed
ORRs of 45%, 50%, and 75% with mPFS of 5.1, 9.4, and
22.7 months for the G719X, S768I, and 1.861Q mutations,
respectively. The ORRs for patients with solitary or
compound mutations were 45.5% and 66.7%, respectively,
with mPFS of 5.4 and 9.8 months. Commonly reported
toxicities in the study included thrombocytopenia (65%),
diarrhea (47.5%), rash (42.5%), and mucositis (32.5%); 3
patients (7.5%) required dose reductions due to toxicity.
Limitations of the study include its small sample size, small
number of patients harboring each mutation sub-type,
inclusion of only patients of Asian ethnicity, and exclusion
of patients with symptomatic brain metastases.

The UNICORN trial by Okuma er 4/. joins one other
prospective clinical trial to date that has examined the
efficacy of osimertinib for treatment of advanced NSCLC
with uncommon EGFR mutations. In the open-label,
phase II KCSG-LU15-09 trial, Cho er 4l. enrolled 36
patients in Korea with recurrent or metastatic NSCLC
harboring uncommon EGFR mutations (20). Osimertinib
was administered as first-line therapy in 61% of patients;
the ORR was 50%, mPFS was 8.2 months, mDoR was
11.2 months, and mOS was not reached. Sub-group analysis
performed according to the most prevalent EGFR mutations
observed in the study revealed that objective responses were
observed in 78% of patients with the L861Q mutation,
followed by 53% and 38% in those with the G719X and
S7681 mutations, respectively.

The efficacy of osimertinib for uncommon EGFR
mutations has also been studied retrospectively. A
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multicenter, international study recently reported by Bar
et al. examined the efficacy of osimertinib in 60 patients
from 22 centers across nine countries (83% western) (21).
The most frequent EGFR mutations observed were G719X,
L861Q, and de novo T790M. Compound mutations
including at least one common mutation or a de 70vo
T790M mutation were seen in 45% of patients. For the
entire cohort, the ORR was 61%, mPFS was 9.5 months,
mDoR was 17.4 months, and mOS 24.5 months. Sub-
group analysis revealed favorable responses for patients
harboring L.861Q mutations, with ORR of 78%, mPFS
of 15.7 months, and mDoR of 16.0 months in 11 patients
examined. Compared to patients with uncommon mutations
only, patients with compound EGFR mutations, consisting
of a combination of common and uncommon mutations,
had mOS of 31.4 vs. 22.1 months [hazard ratio (HR) =0.55;
P=0.19] and mPFS of 30.0 vs. 8.6 months (HR =0.24;
P=0.0017). Another real-world study examining EGFR-
mutated NSCLC recently published by Barsouk ez al.
included 36 patients with uncommon mutations treated
with either osimertinib, afatinib, or erlotinib (22). The
most frequent uncommon EGFR mutations observed
were G719X (6%), exon 20 (2%), and L.861Q (1%) with
6 patients harboring compound mutations. Patients who
received osimertinib had improved mPFS and mOS at 22
and 32 months, respectively, compared to afatinib (12 and
21 months, respectively) and erlotinib (9 and 17 months,
respectively). Sub-group analysis examining outcomes by
mutation type was unable to be performed due to small
sample sizes.

The prospective UNICORN trial solidifies osimertinib
as a first-line treatment option for the management of
patients with advanced NSCLC harboring an uncommon
EGFR mutation. In the absence of direct, head-to-head
comparisons in clinical trials, afatinib and osimertinib are
currently both considered reasonable first-line treatment
options in this setting. Pooled retrospective analysis
published by Wang et a/. showed similar ORR with afatinib
and osimertinib (60.6% vs. 50.3%, P=0.610) as well as
a significant improvement in PFS with afatinib (11.0 vs.
7.0 months, P=0.044) (23). Of note, this analysis was
conducted prior to publication of the UNICORN trial, and
thus this data was not included.

The UNICORN trial further substantiates the notion
that not all uncommon EGFR mutations are created equal,
and thus EGFR-TKI selection should be individualized.
In the UNICORN and KCSG-LU15-09 trials, compared
to patients with G719X and S768I mutations, patients
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with L861Q mutations had improved responses to
osimertinib, with ORR of 45-53%, 38-50%, and 75-78%,
respectively (19). Similar superior outcomes were observed
in a retrospective analysis by Bar et 4/., which suggested
superior efficacy of osimertinib in patients with the L861Q
mutation, the majority of which were Caucasian (21).
Conversely, in post-hoc, sub-group analysis of the LUX-
lung series, administration of afatinib resulted in improved
outcomes for patients with the G719X and S768I mutations.
In this analysis, ORRs for these mutations were 78% and
100% with PFS of 13.8 and 14.7 months, respectively.
On the contrary, patients with L861Q mutations had a
PES of 8.2 months with an ORR 56% when treated with
afatinib (17). Compound EGFR mutations, defined by
the presence of multiple genomic alterations, which can
include both common and uncommon mutations, have
also demonstrated differing rates of response to EGFR-
TKI. In the UNICORN trial, for patients with compound
EGFR mutations treated with osimertinib, the ORR was
67%, mPFS was 9.8 months, and mDoR was not reached
(19). Afatinib has also demonstrated efficacy in patients with
compound EGFR mutations; among the 40 patients with
compound mutations included in a retrospective analysis
by Yang et al., afatinib resulted in an ORR of 77% with
a duration of response of 16.6 months (24). As shown by
the differing rates of response and heterogenous clinical
outcomes in the studies above, the efficacy of EGFR-
TKI is variable depending on the specific mutation, and a
universal approach to the treatment of uncommon EGFR
mutations is antiquated. Use of afatinib or osimertinib
should be determined based upon the observed mutation
with consideration of side effect profile and toxicity.

The most commonly observed side effects occurring
with the use of osimertinib and afatinib include diarrhea
(40-50% and 50-60% of patients), rash (30-40% and
60-80% of patients), and fatigue (20-30% and 30-40%
of patients, respectively). As noted above, dose-reductions
were required in 53.3% and 28.0% of patients treated
with afatinib in the LUX-lung 3 and LUX-lung 6 clinical
trials, respectively, compared to just 7.5% of patients
treated with osimertinib in the UNICORN trial (17,19).
Of these two agents, osimertinib is better tolerated, which
should be considered when determining treatment options.
For mutations where there is little established difference
in efficacy between the two agents, such as the G719X
mutation and others, toxicity and side effect profile should
be weighed based on patient preferences.

Given the variable sensitivities to first, second, and
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third-generation EGFR-TKIs, classification systems other
than traditional exon-based groupings have been proposed.
The most widely accepted is the structure-function-based
system proposed by Robichaux and colleagues, which
categorizes EGFR mutations based on their effects on
the structure of the EGFR molecule in order to predict
response to treatment (18). The four subgroups identified
include: classical-like mutations, which result in structural
changes away from the ATP-binding pocket and exert
little effect on the EGFR, T790M-like mutations, which
occur in the hydrophobic core of the receptor and are
similar to the T790M TXKI-resistance mutation, P-loop
alpha C-helix compression (PACC) mutations, such as
G719X, S768I and others, and exon 20 loop insertions,
which are treated differently than other uncommon EGFR
mutations as discussed above. Characterizing EGFR
mutations based on these structure-function-based groups
showed that these groupings are more predictive of drug
and mutation sensitivity compared to exon-based groups.
For example, classical-like mutations, which include the
point mutation L858R in exon 21, exon 19 deletion,
and L.861Q mutations, were shown to be sensitive to all
generations of EGFR-TKIs, particularly third-generation
TKIs such as osimertinib. Alternatively, patients harboring
PACC mutations were noted to be more sensitive to
treatment with afatinib with significantly longer durations
of treatment when compared to stratifications used exon-
based groups (18).

Despite the observed efficacies of osimertinib and
afatinib in the first-line setting, like patients with common
EGFR mutations, nearly all patients harboring uncommon
EGFR mutations eventually have evidence of disease
progression. Data are limited, however reported resistance
mechanisms are similar to those observed in patients with
common EGFR mutations. These include acquisition
of additional EGFR mutations, TP53 mutations, c-Met
amplification, PIK3CA mutations, and neuroendocrine
transformation (8,21,25). The UNICORN trial did not
report resistance mechanisms when patients progressed on
osimertinib due to a lack of tumor samples (19).

There are multiple ongoing clinical trials examining
the safety and efficacy of other EGFR-TKIs,
including firmonertinib (NCT05364073), zipalertinib
(NCT05967689, REZILIENT?2), and NX-019
(NCT05514496), among others. The optimal sequencing
of therapies in uncommon EGFR mutations has also

not been defined, though is being further evaluated
in the CAPLAND trial (NCT04811001), which is

© AME Publishing Company.

673

specifically examining whether dacomitinib, an EGFR-
TKI, before or after osimertinib is most efficacious. The
role of amivantamab in combination of the EGFR-TKI
lazertinib in either treatment naive patients or those who
have progressed after prior first or second generation
TKI is being evaluated in an expansion cohort of the
CHRYSALIS-2 trial (NCT04077463).

In summary, the UNICORN trial joins a growing body
of data examining the optimal treatment of patients with
advanced NSCLC harboring uncommon EGFR mutations.
Osimertinib was shown to be an effective treatment option
for this patient population, particularly those patients with
exon 21 L861Q mutations. Given differences in EGFR-
TKI sensitivity based on uncommon mutation sub-type,
next generation sequencing should be used to accurately
identify these mutations, and TKI selection should be
individualized based on the specific-mutation and patient
preferences regarding balance of efficacy and toxicity.

Acknowledgments

None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Translational Cancer Research. The
article has undergone external peer review.

Peer Review File: Available at https://tcr.amegroups.com/
article/view/10.21037/tcr-24-1936/prf

Funding: None.

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at https://ter.
amegroups.com/article/view/10.21037/tcr-24-1936/coif).
R.D.G. reports the following conflicts of interest for the
prior 3 years: research funding to institution from Pfizer,
Tempus, Nalo Therapeutics, Puma, Mirati, Bristol Myers
Squibb, Dizal, Chugai, Amgen, AstraZeneca, Janssen,
Daiichi Sankyo, Jounce Therapeutics, Takeda, Merck,
Alliance Foundation, ECOG/ACRIN, NCI, Big Ten
Research Consortium, Hoosier Cancer Research Network,
and SWOG; Honoraria from Bio Ascend, Academy for
Continued Healthcare Learning, Curio, OncLive, Aptitude
Health, MedStar Health, Clinical Care Options, Society for
Immunotherapy of Cancer (SITC) and American Society of

Transl Cancer Res 2025;14(2):670-675 | https://dx.doi.org/10.21037/tcr-24-1936


https://tcr.amegroups.com/article/view/10.21037/tcr-24-1936/prf
https://tcr.amegroups.com/article/view/10.21037/tcr-24-1936/prf
https://tcr.amegroups.com/article/view/10.21037/tcr-24-1936/coif
https://tcr.amegroups.com/article/view/10.21037/tcr-24-1936/coif

674 Dougherty and Gentzler. Osimertinib for uncommon EGFR mutations: herding UNICORNs

Clinical Oncology; Travel support to meetings from Dava
Oncology, Tempus, American Society of Clinical Oncology
(ASCO), and International Association for the Study of
Lung Cancer (IASLC); Consulting fees from Amgen,
Genentech, AstraZeneca, Regeneron, Merus, Takeda,
Gilead, Janssen; and Leadership roles with Hoosier Cancer
Research Network, ASCO, Fournal of Clinical Oncology,
NCI Investigational Drug Steering Committee, and IASLC
Conference Planning Committees. The other author has no
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Shigematsu H, Lin L, Takahashi T| et al. Clinical and
biological features associated with epidermal growth factor
receptor gene mutations in lung cancers. J Natl Cancer
Inst 2005;97:339-46.

2. Zhang YL, Yuan JQ, Wang KF, et al. The prevalence
of EGFR mutation in patients with non-small cell lung
cancer: a systematic review and meta-analysis. Oncotarget
2016;7:78985-93.

3.  Graham RP, Treece AL, Lindeman NI, et al. Worldwide
Frequency of Commonly Detected EGFR Mutations.
Arch Pathol Lab Med 2018;142:163-7.

4. John T, Taylor A, Wang H, et al. Uncommon EGFR
mutations in non-small-cell lung cancer: A systematic
literature review of prevalence and clinical outcomes.
Cancer Epidemiol 2022;76:102080.

5. Amelia T, Kartasasmita RE, Ohwada T, et al. Structural
Insight and Development of EGFR Tyrosine Kinase
Inhibitors. Molecules 2022;27:819.

6. Suda K, Onozato R, Yatabe Y, et al. EGFR T790M

mutation: a double role in lung cancer cell survival? J

© AME Publishing Company.

10.

11.

12.

13.

14.

15.

16.

17.

Thorac Oncol 2009;4:1-4.

Cross DA, Ashton SE, Ghiorghiu S, et al. AZD9291, an
irreversible EGFR TKI, overcomes T790M-mediated
resistance to EGFR inhibitors in lung cancer. Cancer
Discov 2014;4:1046-61.

Soria JC, Ohe Y, Vansteenkiste J, et al. Osimertinib in
Untreated EGFR-Mutated Advanced Non-Small-Cell
Lung Cancer. N Engl ] Med 2018;378:113-25.

Tsuboi M, Herbst RS, John T| et al. Overall Survival with
Osimertinib in Resected EGFR-Mutated NSCLC. N Engl
J Med 2023;389:137-47.

Ramalingam SS, Vansteenkiste J, Planchard D, et

al. Overall Survival with Osimertinib in Untreated,
EGFR-Mutated Advanced NSCLC. N Engl ] Med
2020;382:41-50.

Robichaux JP, Elamin YY, Tan Z, et al. Mechanisms and
clinical activity of an EGFR and HER?2 exon 20-selective
kinase inhibitor in non-small cell lung cancer. Nat Med
2018;24:638-46.

Leduc C, Merlio JP, Besse B, et al. Clinical and molecular
characteristics of non-small-cell lung cancer (NSCLC)
harboring EGFR mutation: results of the nationwide
French Cooperative Thoracic Intergroup (IFCT) program.
Ann Oncol 2017;28:2715-24.

Yang G, Li J, Xu H, et al. EGFR exon 20 insertion
mutations in Chinese advanced non-small cell lung

cancer patients: Molecular heterogeneity and treatment
outcome from nationwide real-world study. Lung Cancer
2020;145:186-94.

Zhou C, Tang K]J, Cho BC, et al. Amivantamab plus
Chemotherapy in NSCLC with EGFR Exon 20 Insertions.
N Engl ] Med 2023;389:2039-51.

Park K, Haura EB, Leighl NB, et al. Amivantamab in
EGFR Exon 20 Insertion-Mutated Non-Small-Cell Lung
Cancer Progressing on Platinum Chemotherapy: Initial
Results From the CHRYSALIS Phase I Study. J Clin
Oncol 2021;39:3391-402.

Riely GJ, Neal JW, Camidge DR, et al. Activity and Safety
of Mobocertinib (TAK-788) in Previously Treated Non-
Small Cell Lung Cancer with EGFR Exon 20 Insertion
Mutations from a Phase I/II Trial. Cancer Discov
2021;11:1688-99.

Yang JC, Sequist LV, Geater SL, et al. Clinical activity

of afatinib in patients with advanced non-small-cell

lung cancer harbouring uncommon EGFR mutations: a
combined post-hoc analysis of LUX-Lung 2, LUX-Lung 3,
and LUX-Lung 6. Lancet Oncol 2015;16:830-8.

. Robichaux JP, Le X, Vijayan RSK| et al. Structure-based

Transl Cancer Res 2025;14(2):670-675 | https://dx.doi.org/10.21037/tcr-24-1936


https://creativecommons.org/licenses/by-nc-nd/4.0/

Translational Cancer Research, Vol 14, No 2 February 2025

classification predicts drug response in EGFR-mutant
NSCLC. Nature 2021;597:732-7.

19. Okuma Y, Kubota K, Shimokawa M, et al. First-Line
Osimertinib for Previously Untreated Patients With
NSCLC and Uncommon EGFR Mutations: The
UNICORN Phase 2 Nonrandomized Clinical Trial.
JAMA Oncol 2024;10:43-51.

20. Cho JH, Lim SH, An H]J, et al. Osimertinib for
Patients With Non-Small-Cell Lung Cancer Harboring
Uncommon EGFR Mutations: A Multicenter, Open-
Label, Phase IT Trial (KCSG-LU15-09). J Clin Oncol
2020;38:488-95.

21. Bar], Peled N, Schokrpur S, et al. UNcommon EGFR
Mutations: International Case Series on Efficacy of
Osimertinib in Real-Life Practice in First-LiNe Setting
(UNICORN). J Thorac Oncol 2023;18:169-80.

Cite this article as: Dougherty SC, Gentzler RD. Osimertinib
for uncommon EGFR mutations: herding UNICORNS in a
field of horses. Transl Cancer Res 2025;14(2):670-675. doi:
10.21037/tcr-24-1936

© AME Publishing Company.

22.

23.

24.

25.

675

Barsouk A, Elghawy O, Heidlauf A, et al. Real-world
outcomes of atypical EGFR-mutated metastatic non-small
cell lung cancer (nNSCLC)treated with osimertinib (osi)
vs. Afatinib or erlotinib. Lung Cancer 2024;195:107926.
Wang C, Zhao K, Hu S, et al. Clinical Outcomes of
Afatinib Versus Osimertinib in Patients With Non-Small
Cell Lung Cancer With Uncommon EGFR Mutations: A
Pooled Analysis. Oncologist 2023;28:¢397-405.

Yang JC, Schuler M, Popat S, et al. Afatinib for the
Treatment of NSCLC Harboring Uncommon EGFR
Mutations: A Database of 693 Cases. ] Thorac Oncol
2020;15:803-15.

Mok TS, Wu Y-L,, Ahn M-], et al. Osimertinib or
Platinum-Pemetrexed in EGFR T790M-Positive Lung
Cancer. N Engl ] Med 2017;376:629-40.

Transl Cancer Res 2025;14(2):670-675 | https://dx.doi.org/10.21037/tcr-24-1936



