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Abstract: There has been much discussion regarding the impact targetable genetic variants on the
prognosis of resected lung adenocarcinoma. With the discovery of new targetable genetic variants, genetic
profiling is becoming more crucial in determining the treatment for advanced lung cancer. Targetable
variants may also be important in resected cases because they can directly guide the drug indication in case of
recurrence. Here, we have performed a literature review focusing on the prognostic impact of four clinically
or potentially targetable major genetic variants (EGFR/KRAS/BRAF mutations and ALK fusion) in resected
lung cancer. We found conflicting evidence from previous studies probably owing to the heterogeneity of the
clinicopathological background. Most studies did not consider that the frequency of genetic variants depends
on the pathologic stage (pStage) and the histological subtypes of adenocarcinoma, which are closely related to
prognosis. The prognostic impact of genetic variants should not be discussed without considering the pStage
and histological subtypes of adenocarcinoma. In addition, evaluating multiple genetic variants simultaneously
is important to ensure that the impact of another variant is not overlooked. Thus, we have proposed a
comparison model for precise estimation of the prognostic impact of targetable genetic variants and suggested
an unfavorable comparison status. When discussing the prognostic impact of targetable genetic variants in
resected lung adenocarcinoma, comprehensive genetic analysis and collection of a balanced number of cases
should be conducted, and efforts to exclude the improper status should be made. In conclusion, targetable
genetic variants are attractive prognostic predictors that can guide the choice of treatment after recurrence.
However, their utility is limited or can be misinterpreted unless the pStage and histological subtype of
adenocarcinoma are considered. Furthermore, the distribution of genetic variants vary among races, and
studies set different endpoints such as overall survival, recurrence-free survival, recurrence-free interval.
When discussing the prognostic impact of genetic variants in resected lung adenocarcinoma, we must consider

the clinicopathological background including pStage, histological subtype, race, and evaluated endpoint.
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Introduction adenocarcinoma. Newly developed drugs have more
y p g
Targetable genetic variants have been discovered in favorable results in adenocarcinoma treatment than the

non-small cell lung cancer (NSCLC), especially in older ones. Targetable variants have become crucial
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for choosing treatment in advanced cases. In early-
stage cases, surgery is the primary curative treatment,
and the prognostic impact of targetable variants after
resection remains controversial. Recently, ADAURA trial
(NCT02511106), phase III, double-blind, randomized
clinical trial estimating the utility of adjuvant osimertinib
showed the promising results. Adjuvant osimertinib
improved disease-free survival in resected stage 1B, II, ITTA
EGFR-mutant cases (1). Revealing prognostic implication
of targetable variant and stratifying cases by the risk of
recurrence or benefit by treatment will be more important.
Herein, we review the literature concerning the prognostic
impact of targetable genetic variants in resected lung cancer
and propose a methodology for its precise evaluation.
We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/pcm-20-47).

Source and selection criteria

A review of literature through PubMed was conducted
using the keywords “non-small cell lung cancer” or “lung
adenocarcinoma” with a gene name with targetable variants.
Literature estimating resected NSCLC was reviewed, and
relevant material was explored individually through cross-
references. Studies estimating non-resected or advanced
lung cancer only were excluded from the review. This study
focused on the gene variants that were druggable targets,
such as EGFR/BRAF mutations and ALK fusion. The
impact of KRAS mutation was also searched as a frequent
and promising target variant.

Summary and interpretation

The manuscripts chosen for review are shown in Tuble 1.
All studies included surgically treated adenocarcinoma
cases. The studies already included in the meta-analysis are
fundamentally excluded from 7able 1.

Prognostic impact of EGFR mutation

Three systematic meta-analyses concluded with conflicting
results. Two analyses concluded that the EGFR mutation has
no significant impact on the prognosis of adenocarcinoma
(2,5), while the other suggested that the EGFR mutation is
related to better prognosis (18). Systematic meta-analyses
reviewed the literature thoroughly, and therefore inevitably
included limitations. Several studies analyzed early and
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advanced stage cases as well as the non-adenocarcinoma
cases while some considered adenocarcinoma to be of
a single histological phenotype. The controversy about
the impact of EGFR mutations has continued even after
these meta-analyses. Two studies with large sample
sizes suggested that the EGFR mutation is related to a
worse prognosis (3,7). Another study that included non-
adenocarcinoma cases indicated that the impact of EGFR
mutation is limited in stage IB, with no impact on stage
0-IA (24). As a strong influencing factor on prognosis,
the tumor-node-metastasis (TINM) staging system and
pathological classification have been revised. The subtypes
of adenocarcinoma were proposed in 2011 (25), therefore
literature published before 2011 could not distinguish the
histological subtypes of adenocarcinoma. Recently, our
group and another group demonstrated EGFR mutation
status as a poor prognostic factor in resected lung cancer
while taking into consideration the pStage, histological
subtype, and/or radiological features (4,6,8). EGFR
mutations are more frequently harbored in cases involving
lepidic lesions (4,6-8,20,26), which are histological features
related to better prognosis. Therefore, it is rational that
the studies that did not account for the recurrence risk
by histological subtypes of adenocarcinoma concluded
that EGFR mutation is a favorable prognostic factor. The
majority of the EGFR-mutated cases in these studies could
have been harbored in cases completely or almost free from
relapse, such as adenocarcinoma i situ (ALS), minimally
invasive adenocarcinoma (MIA), or lepidic predominant
cases. Although quantitative estimation of histological
components is highly recommended in resected cases (25),
most studies only evaluated the pStage and not the
histological subtypes of adenocarcinoma. Currently, there
is no evidence regarding whether pStage or histological
subtype is more important in invasive lung adenocarcinoma
cases. More studies considering the pStage and the
recurrence risk based on the histological subtypes of
adenocarcinoma are warranted for precise estimation of the
prognostic impact of genetic variants.

Prognostic impact of KRAS mutation

A systematic meta-analysis concluded that KRAS mutations
are associated with worse overall survival (OS), especially
in adenocarcinoma and early-stage cases (9). Another
meta-analysis concluded similar results (18). Most studies
published later also reported KRAS mutation status to
be related to worse prognosis even when evaluated with
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Table 1 Summary of reviewed articles about the prognostic impact of targetable genetic variants

Number of analyzed

Analyzed gene Author cases (% of variant pS.t z.age (TNM Prognostic impact of genetic variant Reference
[year] edition)
cases)
EGFR Zhang 3,337 (12.2-52.5) I-IIA (=) No significance on OS and DFS ()]
[2014]"
Takamochi 741 (47.2) I IASLC, 7th) longer OS (3)
[2017]
lto [2018] 279 (47.0) pNO, IA1-IIA Shorter RFI @)
(IASLC, 8th)
He [2019]" 4,872 (42.8) [-1A (=) No significance on DFS (5)
Ito [2020] 664 (48.9) <5 cm, pNO-1, IA1- Shorter RFS 6)
IIIA (IASLC, 8th)
Suda [2020] 5,780 (41.7) -1V (<) Better RFS and OS 7)
Deng [2020] 1,249 (62.4) [-Il (unknown, 8th) Worse RFS in radiological solid, Pap/ 8)
Aci/IMA, or stage II-llI
KRAS Meng 6,939 (4.5-36.4) -V (=) Poorer prognostic status in 9)
[2013]* adenocarcinoma, stage |, or stage I-IlIA
Ma [2020] 1,181 (9.3) I-11I (unknown, 8th) Poorer RFS and OS in part-solid or (10)
stage |
ALK Fukui [2012] 720 (3.9) IA-IV (unknown) No significance in DFS and OS (11)
Blackhall 1,281 (2.2-6.2) I-111 (unknown) Significantly better OS, no significance (12)
[2014] about RFS
Gao [2017] 534 (7.9) I-1I (unknown) Shorter DFS, TSS, OS (13)
Shin [2018] 309 (7.4) IA (AJCC, 7th) Lower DFS (14)
Liu [2019] 81 (3.9) I-IIA (unknown, No significance in DFS and OS, but (15)
8th) higher risk of liver recurrence
EGFR/KRAS Ohba [2014] 354 (41.1/6.4) | (unknown) Shorter DFS and OS in KRAS (+) (16)
Izar [2014] 312 (19.6/40.7) | (AJCC, 7th) Worse DFS and OS in KRAS (+) (17)
Zhang 10,869 (33.6/15.5) -V (-) Prolonged DFS and OS in EGFR (+), (18)
[2018]° worse DFS and OS in KRAS (+)
EGFR/KRAS/BRAF Marchetti 739 (11.6/27.5/4.9) [-IV (unknown) Shorter median DFS and OS in BRAF (19)
[2011] V600E (+)
Kadota 482 (17.8/26.8/1.7) -1l (AJCC, 7th) Worse OS in KRAS (+), tendency of (20)
[2016] better OS in EGFR (+)
Kneuertz 324 (17.9/38.1/5.9) IA-11IB (AJCC, 8th) Worse DFS and OS in KRAS (+) or BRAF (21)
[2020] +)
EGFR/KRAS/ALK/ Ohba [2016] 256 (46.8/5.5/2.3/0.8) | (unknown) Worse DFS and OS in KRAS (+) (22)
BRAF
EGFR/KRAS/ALK Chaft 764 (33.4/62.8/3.8) [-1Il (AJCC, 7th) Worse RFS in ALK (+) than in EGFR (+) (23)
[2018]°

', meta-analysis; ¥, meta-analysis including non-resected cases; §, including non-adenocarcinoma cases. Aci, acinar predominant

adenocarcinoma; AJCC, American Joint Committee on Cancer; DFS, disease-free survival; IASLC, International Association for the
Study of Lung Cancer; IMA, invasive mucinous adenocarcinoma; OS, overall survival; Pap, papillary predominant adenocarcinoma; RFI,
recurrence-free interval; RFS, recurrence-free survival.
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other variants (16-18,20-22). KRAS mutation is likely
to be harbored in cases involving a solid component
(10,26,27). Solid predominant subtypes are high malignant
phenotype (28,29), and the presence of solid component
is also an unfavorable feature in prognosis even when it is
not predominant (30,31). Therefore, poorer prognosis in
KRAS mutant cases might reflect high malignant behavior
stemming from the solid component. The high frequency of
KRAS mutations in cases involving solid components might
be akin to the tendency of wild-type KRAS in cases without
solid components, such as AIS/MIA/lepidic predominant
subtypes. To precisely determine whether the prognostic
value of KRAS mutant cases comes from the mutation itself
or the solid component, the histological subtypes should
also be distinguished.

Prognostic impact of ALK fusion or BRAF mutation

ALK fusion is likely to be harbored in younger and/
or more advanced cases (11-14,23) and histologically
related to solid predominant or invasive mucinous
adenocarcinoma (12,13). BRAF mutations are associated
with adenocarcinoma with micropapillary components
(19,32). The problem concerning ALK fusion or BRAF
mutation is the low prevalence in general. Most studies
estimating the impact of ALK fusion or BRAF mutation
alone or with other variations reported worse prognostic
tendency in ALK or BRAF variant cases (13,14,19,23).
However, due to the low frequency of the ALK fusion or
BRAF mutation, more validation studies with larger sample
sizes are warranted. Although the analysis using propensity
score matching (PSM) might be a useful methodology,
especially in rare variants, two studies that used PSM did
not indicate significant results in disease-free survival (DFS)
or recurrence-free survival (RFS) for ALK fusion (12,15).

Estimation of several genetic variants

Most studies evaluated a single gene and discussed the
prognostic impact (1able 1). In general, studies evaluating
several genetic variants simultaneously are more reliable
than those that study single genes. A comparison of EGFR-
mutant and EGFR wild type in mono-gene analysis is
insufficient to estimate the impact of EGFR mutation. The
‘wild type’ may include KRAS-mutant, BRAF-mutant, ALK-
rearrangement, and other targetable variants. Labeling cases
not involving EGFR mutation as ‘Wild type’ is risky, as the
effects of another variant may be overlooked.
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EGFR mutations are one of the most frequent targetable
variants. KRAS mutations have not been clinically targetable
yet. However, KRAS mutation includes a promising
druggable variant (33), and most studies concluded that
KRAS mutation leads to worse prognostic status. Therefore,
it might be better to evaluate the prognostic impact of
genetic variants in multi-gene analysis, including at least

EGFR and KRAS mutations.

Discussion

As a prognostic reflector, the TNM staging system is the
gold standard. It covers all phases of tumorigenesis, from in
situ to multiple distant metastases. Histological classification
is another standard for predicting prognosis, especially in
resected cases. As staging and pathological features can
vary according to the timing of diagnosis, they can reflect
prognosis in detail. On the other hand, the prognostic
impact of genetic variants remains controversial. Compared
to the TNM staging or pathological classification,
evaluating genetic status is more challenging due to various
factors, such as cost, wide variety of variants, different
sensitivity of methodologies, the necessity for a larger
sample volume. In individual cases, the genetic status is
fundamentally unchanged by the timing of diagnosis and is
labeled simply as positive or negative. It is the strength and
weakness of genetic variants as prognostic factors; genetic
status is objective and quantitative, but too simple to reflect
the change in the malignant phase. Nevertheless, genetic
variants have the advantage of being useful in the choice of
treatment for adenocarcinoma in case of recurrence. It must
be noted that the distribution of genetic variants can differ
according to the stage and pathological features. Because
staging and pathological diagnosis are rigid standards and
reflect the disease prognosis more sensitively, the impact
of genetic variants should be considered after estimating
staging and pathological features. Even for the KRAS
mutation, which is the most promising prognostic marker
in genetic variants, one of the latest studies suggested that
considering stage and clinicopathological features is crucial
for its use as a prognostic predictor (10).

We propose a distribution model of EGFR and KRAS
mutations according to the stage and pathological status
(Figure I). Based on this, we propose an ideal methodology
for estimating the prognostic impact of genetic variants
by considering histological variants. Briefly, the stage and
histological subtype should be matched, and several variants
should be estimated (Figure 24). However, it is not easy
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Figure 1 Schema of the distribution of EGFR/KRAS mutations and histological change in adenocarcinoma components according to pStage
and malignant potential. According to the advancement in pStage, the proportion of AIS/MIA/lepidic predominant subtype decreases and
the ratio of components of intermediate or high malignant subtypes increases. EGFR mutations are likely to be harbored in cases involving
lepidic lesions or earlier pStage. Whereas KRAS mutation is more harbored in cases with a solid component or advanced pStage. The red
and yellow circles with dashed lines indicate the high frequency distribution of EGFR and KRAS mutations, respectively.
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Figure 2 Proposal of the ideal comparison model (A) and examples of improper models for estimating the prognostic impact of EGFR
mutations in mono-gene estimation (B,C). (A) Ideal comparison model. The subtypes with the risk of recurrence were compared in the
multigene model, and pStage and the numbers of each subtype are balanced between the variant-positive and -negative cohorts. (B) An
example of the unfavorable comparison model. The subtypes with no or little risk of recurrence were included, and/or the numbers of each
subtype are not balanced between the cohorts. The size of the ellipse reflects the number of cases. (C) Another example of the unfavorable
comparison model including the risk of false results by mono-gene comparison. The numbers of each subtype are balanced between cohorts,
but the EFGR mutation-negative cohort can include more KRAS mutant cases if only the EGFR mutation was estimated. The high risk of
recurrence by the KRAS mutation can be misinterpreted as a risk stemming from the EFGR wild-type status.
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to perform comprehensive genetic analysis and collect a
balanced number of cases. In case a mono-gene comparison
is performed, we must exclude the improper setting
(Figure 2B,C) as much as possible.

Apart from the abovementioned problem, attention must
be paid to several other issues. To this end, the frequency
of genetic variants differs among races or regions. It must
be noted that even major variants, such as EGFR or KRAS
mutations can be low frequent variants, such as BRAF
mutation or ALK rearrangement and the prognostic impact
can be underestimated in different races or regions.

OS is prolonged by target therapy after recurrence
(34,35). To estimate the prognostic impact of genetic
variants in a natural course, OS is not always a proper
endpoint. We also have to consider race and treatment
course in estimating the genetic prognostic value.

Conclusions

The staging system and pathological classification sensitively
reflect the prognosis. The distribution of genetic status
varies by stage, histological features, and race, especially in
adenocarcinoma. Although genetic variants are promising
prognostic predictors, their use is currently limited and can
be misinterpreted unless they are considered along with
stage and histology. Further discussion should be conducted
by considering stage and histological features with multi-
gene analysis studies.
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