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Introduction: Nowadays, immune checkpoint blockades (ICBs) have been extensively 
applied in non-small cell lung cancer (NSCLC) treatment. However, the outcome of anti- 
program death-1/program death ligand-1 (anti-PD-1/PD-L1) therapy is not satisfying in 
EGFR-mutant lung adenocarcinoma (LUAD) patients and its exact mechanisms have not 
been fully understood. Since tumor mutation burden (TMB) and tumor immune phenotype 
had been thought as potential predictors for efficacy of ICBs, we further studied the TMB 
and immune phenotype in LUAD patients to explore potential mechanisms for poor efficacy 
of ICBs in EGFR positive mutated patients and to find possible factors that could impact the 
tumor immune phenotype which might uncover some new therapeutic strategies or combina
tion therapies.
Methods: We enrolled 223 LUAD patients who underwent surgery in our hospital. We 
evaluated TMB through targeted panel sequencing. The tumor immune phenotype, which 
could be divided into non-inflamed, intermediate and inflamed, was determined through 
immunohistochemistry using formalin-fixed paraffin-embedded samples. Enumeration data 
were analyzed by Chi-square test or Fisher exact test and shown as number (proportion). 
Logistic regression model was employed for univariate and multivariate analysis of the 
association between TMB levels and clinical characteristics.
Results: The median TMB level was 4.0445 mutations/Mb. Multivariate analysis showed 
the TMB level was significantly associated with age (P=0.026), gender (P=0.041) and EGFR 
mutation status (P=0.015), and in EGFR-mutant patients we found a lower proportion of 
patients with mutated KRAS and BRCA2. Furthermore, we found patients with or without 
metastatic lesions would have different immune phenotype (P=0.007). And the mutational 
frequencies of ALK, CDKN2A, MAP2K1, IDH2 and PTEN were significantly different 
among three immune phenotypes.
Conclusion: Low TMB level could be the reason for the poor efficacy of ICBs in patients 
having EGFR mutation. And mutational frequencies of KRAS and BRCA2 were lower in 
EGFR-mutant patients. Furthermore, ALK, CDKN2A, MAP2K1, IDH2 and PTEN might 
involve in the formation of immune phenotypes.
Keywords: lung adenocarcinoma, EGFR mutation, tumor mutation burden, immune 
phenotype, immune checkpoint blockade

Introduction
Nowadays, lung cancer is one of cancers with high mortality and morbidity 
worldwide1 and non-small cell lung cancer (NSCLC) constitutes 85% of lung 
cancer.2 With the progression of comprehensive genomic profiling, epidermal 
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growth factor receptor (EGFR) and many other driver 
mutations have been deciphered.3 Moreover, in Chinese 
lung adenocarcinoma (LUAD) patients, EGFR mutation 
rate reached 47.5%.4 As the promising anti-tumor effect 
of EGFR tyrosine kinase inhibitors (TKIs) has been well 
demonstrated,5 EGFR-TKIs have been the first-line ther
apy for advanced NSCLC patients with EGFR mutation. 
Although target therapy can control tumor effectively, it is 
inevitable that patients will be resistant to the therapy 
eventually.6 Selection of subsequent treatment for these 
patients is necessary.

Recent years, immune checkpoint blockades (ICBs) 
related immunotherapy has developed rapidly. Some 
ICBs such as anti-PD-1/PD-L1 monoclonal antibodies 
have shown encouraging anti-tumor effect regardless of 
patients having pervious treatment or not.7,8 And they 
have been adopted as therapeutics for advanced NSCLC 
patients.

Thus, ICB may be an alternative therapeutics for 
patients who progressed after EGFR-TKIs. However, 
further analysis found that the outcome of anti-PD–1 ther
apy in patients with EGFR mutation was not satisfying.9–11 

And its exact mechanisms, which are indispensable for 
improving the efficacy of ICB in patients after TKIs treat
ment and exploring new therapeutic strategies, have not 
been fully elucidated. Some potential biomarkers, such as 
tumor mutation burden (TMB)12,13 and tumor-infiltrating 
lymphocytes (TILs),14 have been proposed for predicting 
the efficacy of anti-PD-(L)1 therapy. Therefore, in this 
research, we collected treatment-naïve LUAD patients to 
evaluate the TMB landscape and mutation profile at base
line and assessed their immune phenotype according to 
tissue sections. Through these efforts, we tended to 
explore possible reasons to explain the poor outcome of 
ICBs in EGFR-mutant patients and found the potential 
factors that might influence the tumor immune phenotype.

Patients and Methods
Patients
We enrolled 223 formalin-fixed paraffin-embedded (FFPE) 
tissue blocks from patients who underwent surgery in 
Shanghai Pulmonary Hospital from Dec 2013 to 
Dec 2014 and reviewed their medical records. Disease 
staging was determined according to International 
Association for the Study of Lung cancer (IASLC) version 
7th TNM staging system. No patients had been treated 
with chemotherapy, target therapy or immunotherapy 

before surgery. The research was approved by the 
Shanghai Pulmonary Hospital (NO. K18–203Y). All par
ticipants had provided their written consents and the study 
was conducted in accordance with the Declaration of 
Helsinki.

EGFR Mutation Status and ALK 
Rearrangement Examination
Genomic DNA or RNA were extracted from FFPE sam
ples according to the manufacturer’s protocol. The 
extracted RNA would be reversed transcripted to cDNA 
for latter polymerase chain reaction (PCR) amplification 
and examination. EGFR mutations in exons 18-21 and 
EML4-ALK rearrangement were detected by AmoyDx 
EGFR 29 Mutations Detection Kit (Amoy, Xiamen, 
China) and AmoyDx EML4-ALK Fusion Gene Detection 
Kit (Amoy, Xiamen, China) respectively, according to the 
protocols. Patients with 19del, L858R, T790M, 20ins, 
G719X (X=A, C or S), S768I or L861Q would be classi
fied as EGFR-mutant. Patients with positive EML4–ALK 
fusion were classified as ALK rearranged.

Targeted Panel Sequencing
MagPure FFPE DNA LQ kit B (Magen, Beijing, China) 
was used to extract DNA from FFPE samples according to 
the manufacturer’s instruction and the extracted DNA was 
stored in −20°C. 20–200ng DNA was used for fragmenta
tion by Covaris L220 (Covaris, Massachusetts, USA). 
KAPA Hyper Prep Kit (Illumina platforms) (KAPA 
Biosystems, Massachusetts, USA) was used for library 
preparation and gene panel designed by NimbleGen 
SeqCap EZ Library (Roche, Wisconsin, USA) was applied 
for DNA library capturing. The sequencing was conducted 
through Illumina NovaSeqTM 6000 platform (Illumina, 
CA, USA).

TMB Evaluation
BWA aligner (v0.7.17)15 was used for data alignment after 
data quality control, the genome reference used was 
human hg19 reference. Then, the work for sorting and 
masking duplications in bam files were done through 
Picard. VarDict (v1.5.1)16 and FreeBayes (v1.2.0)17 were 
two callers introduced for mutations calling. Finally, all 
mutations were inputted into ANNOVAR (2015Jun17 
−0700)18 for function annotation. After filtering the muta
tions with allele frequency greater than 0.002 in the 
Exome Aggregation Consortium (ExAC) database19 and 
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Genome Aggregation Database (gnomAD),20 rest exonic 
and splicing mutations with VAF>5% and without strand 
bias were included into the TMB calculation. The final 
TMB value was normalized by the covered base.21

Immunohistochemistry (IHC)
The primary antibodies used in this study include CD8 
(Dako, M7103, 1:200); FoxP3 (Biolegend, 320102, 
1:100); PD-L1 (22C3)(Dako, M3653, 1:50). The immuno
histochemistry staining of PD-L1 (22C3) was performed 
on Dako autostainerLink48 platform with Dako K8002 
detection kit and amplified the signals with a mouse linker 
(contained in the kit) and enhanced the signals with DAB 
enhancer (Dako, S1961); the staining procedure was set 
the same to the FDA approved PD-L1 (22C3) PharmDx 
staining procedure. All the other 3 antibodies’ immunohis
tochemistry staining were performed in a humidified cube 
with Dako K5007 detection kit by hand, the main proce
dure is tissue slides were dewaxed with xylene, then rinsed 
with alcohol (decreasing serial concentration from 100% 
to 0). Antigen recovering was taken with the target retrie
val solution kit (Dako, DM829) under hot high pressure 
for 10min. Cooling to room temperature, slides immersed 
with 0.3% H2O2 to reduce the background staining. 
Incubating the primary antibody on the slides for 1 hour 
at room temperature in the humiliated box. Rinsed with 
PBS, incubate the slides with the HRP-conjugated goat 
anti-Mouse/Rabbit IgG detection antibody for 30 min at 
room temperature. Rinsed with PBS, and visualizing the 
antigen with DAB, following with the standard procedures 
of counterstain for cell nuclear with hematoxylin and 
mounting of cover slides. All IHC sections were evaluated 
by two pathologists independently. We chose ≥1% as our 
cutoff for PD-L1 on tumor cells. And we defined FoxP3 
≥1% as positive.22,23 Representative IHC images were 
shown in Supplementary Figure 1.

Classification of Immune Phenotype
The classification was determined by viewing the IHC 
slides. Immunoscore I0, absence of CD8+ T cells at the 
tumour centre and in the invasive margin was thought as 
cold tumor (also called non-inflamed tumor/immune desert 
tumor). Immunoscore I4, high immune cell densities in 
both locations, was thought as hot tumor (also called 
inflamed tumor).24 Altered immune tumor as known as 
intermediate includes excluded tumor which is defined as 
low CD8+ T cell infiltration at the tumour centre and high 
at the invasive margin and immunosuppressed tumor 

which displays a more uniform pattern of low CD8+ 
T cell infiltration.

Statistics
Enumeration data were expressed as number (proportion) 
and were analyzed by Chi-square test or Fisher exact test. 
The association between TMB and clinical characteristics 
was assessed by univariate and multivariate analysis 
through logistic regression model. The statistical signifi
cance was considered as P-value less than 0.05. The sta
tistical analysis was conducted through SPSS 22.0 (SPSS 
Inc., Chicago, IL, USA). All the landscape figures were 
plotted used the ComplexHeatmap R package and Chi– 
square test or Fisher exact test was used for differential 
analysis. Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) analysis were conducted 
through “clusterprofiler” R package.25

Results
Clinical Characteristics of Patients
We enrolled 223 patients totally who underwent surgery in 
our hospital from 2013 to 2014 (Table 1). All patients’ 
pathological classification was lung adenocarcinoma and 
had not had any treatment before. The median age of 
patients was 61 years old (range 28 to 83 years old). 
Records of smoking history were available in 168 
(75.3%) patients. Among these patients, 82.7% had never 
smoked. Most patients were at stage I (71.5%) and one 
patient was microinvasive adenocarcinoma. More than 
half of patients (52.0%) had EGFR mutation and only 
9.0% of patients had ALK rearrangement.

TMB Analysis and Frequently Mutant 
Genes in RTK/RAS/RAF Signaling Pathway
We assessed the TMB level of 223 patients through tar
geted panel sequencing which contained 1406 genes. The 
median TMB level was 4.0445 mutations per megabase 
(range 0–47.8603, quartile range 2.0123–6.1092). The 
most frequent nonsynonymous mutation was missense 
mutation, other categories of nonsynonymous mutations, 
including insertions, deletions, nonsense mutations and 
splicing site mutations, were at relatively low frequency. 
And most affected genes were involved in the RTK/RAS/ 
RAF pathway followed by the immune pathway 
(Figure 1A).

Mutations involved in RTK/RAS/RAF signaling path
way were found in about 83.4% of LUAD patients. The 

OncoTargets and Therapy 2021:14                                                                                                 https://doi.org/10.2147/OTT.S294993                                                                                                                                                                                                                       

DovePress                                                                                                                       
2955

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/get_supplementary_file.php?f=294993.pdf
https://www.dovepress.com
https://www.dovepress.com


most frequent genes with mutation were EGFR (48.4%) 
followed by KRAS (9.2%), ERBB2 (4.6%), MET (3.5%), 
FGFR3 (2.5%) and MAP2K1 (2.1%). Mutational frequen
cies of other genes in this pathway were relatively low in 
our cohort (Figure 1B).

Relationship Between TMB and Clinical 
Characteristics
We divided patients into two groups according to TMB 
level that had been applied in clinical trial13 (low, <10; 
high, ≥10). Female patients had a tendency to have lower 
TMB level (OR=0.222, 95% CI 0.053–0.939, P=0.041). 
We also got the odds ratio for younger patients was 4.266 
(95% CI 1.187–15.337, P=0.026). And the odds ratio was 
4.707 (95% CI 1.349–16.429, P=0.015) when comparing 
patients without EGFR mutation to patients with EGFR 
mutation. As sample size for EGFR 20ins and G719X 
mutation was too small, we combined them as uncommon 
mutation for subsequent analysis. We compared the TMB 
level among EGFR 19del, L858R and uncommon muta
tion but we did not find significant difference (P=0.611, 
Supplementary Table 1). As for ALK rearrangement, there 
was no significant correlation between ALK rearrangement 
and TMB level (OR=1.8×10−8, P=0.998). As few patients 
had ALK rearrangement in our cohort, the result should be 
further evaluated in larger cohorts. In our cohort, we did 
not find any association between TMB level and patholo
gical stage, tumor size, metastatic status (Table 2). We also 
evaluated whether TMB level had an association with the 
expression of PD-L1 on tumor cells and no significant 
association was detected (OR=0.643, 95% CI 0.134–
3.076, P=0.580). Furthermore, we analyzed the mutational 
frequencies of genes between TMB high and low groups 
and found some differentially mutated genes 
(Supplementary Table 2). GO analysis found these genes 
enriched in mismatch repair complex, DNA repair com
plex in cellular component (CC). In the biological process 
(BP) analysis, these genes were found to enrich in 
response to radiation, response to DNA damage. These 
genes were also enriched mainly in transcription factor 
binding, kinase activity and receptor binding in molecular 
function (MF) (Supplementary Figure 2A). KEGG analy
sis indicated that these genes mainly correlated with many 
cancers as well as canonical pathways of carcinogenesis 
(Supplementary Figure 2B).

Table 1 Demographic and Clinical Characteristics of Patients

Characteristics n(%)

Gender

Female 124(55.6%)

Male 99(44.4%)

Age, median

<61 111(49.8%)

≥61 112(50.2%)

Smoking history

Never 139(62.3%)

Ever 29(13.0%)

Unrecorded 55(24.7%)

Pathological stage

I 158(71.2%)

II 19(8.6%)

III 35(15.8%)
IV 10(4.5%)

T stage

T1 87(39.4%)

T2 120(54.3%)
T3 6(2.7%)

T4 8(3.6%)

N stage

N0 171(78.1%)
N1 18(8.2%)

N2-N3 30(13.7%)

M stage

M0 212(95.5%)
M1 10(4.5%)

EGFR mutation

WT 107(48.0%)

19del 56(25.1%)
20ins 4(1.8%)

L858R 53(23.8%)
G719X 3(1.3%)

ALK rearranged

WT 202(91.0%)

Rearranged 20(9.0%)

Immunological phenotype

Non–inflamed 117(53.7%)

Intermediate 71(32.6%)

Inflamed 30(13.8%)

Abbreviations: EGFR, epidermal growth factor receptor; ALK, anaplastic lym
phoma kinase.
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TMB Landscape at Different EGFR 
Mutation Status
As we found EGFR mutation status was associated with 
the TMB level of LUAD patients, we further compared if 
the mutant genes were different between patients with and 
without EGFR mutation. Thus, we divided patients into 

two groups according to their EGFR mutation status and 
found 116 (52.0%) patients had EGFR mutation. We ana
lyzed mutations in both groups separately (Figure 2) and 
compared mutational frequencies of different genes 
between two groups. And differentially mutant genes 
were KRAS (3.45% vs 20.56%, P=0.0002, 

Figure 1 The mutation profile of LUAD patients. (A) The frequency and types of mutations in genes were shown in this waterfall plots. (B) Mutations in RTK/RAS/RAF 
signaling pathway.

Table 2 Association Between TMB and Clinical Characteristics

Variables Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Age (<61 vs ≥61) 2.165 0.839–5.589 0.110 4.266 1.187–15.337 0.026*

Gender (female vs male) 0.161 0.052–0.495 0.001* 0.222 0.053–0.939 0.041*
Smoking history (never vs ever) 0.182 0.063–0.524 0.002* 0.358 0.100–1.281 0.114

Pathological stage (I+II vs III+IV) 1.089 0.348–3.412 0.884

T stage

T1 vs T4 0.709 0.077–6.513 0.709

T2 vs T4 0.636 0.071–5.703 0.686

T3 vs T4 3.500 0.236–51.899 0.363

N stage

N0 vs N2+N3 0.994 0.272–3.623 0.992

N1 vs N2+N3 0.529 0.051–5.513 0.595

M stage 1.8×108 – 0.999
EGFR mutation (WT vs mutant) 3.716 1.379–10.017 0.009* 4.707 1.349–16.429 0.015*

EGFR mutation type

19del vs WT 0.183 0.040–0.833 0.028*

L858R vs WT 0.403 0.126–1.285 0.125
20ins vs WT 3.1×10−9 - 0.999

G719X vs WT 3.1×10−9 - 0.999

ALK rearrangement (WT vs rearranged) 1.8*108 - 0.998
PD–L1 (negative vs positive) 0.643 0.134–3.076 0.580

Note: *P<0.05. 
Abbreviations: EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; PD-L1, programmed death ligand 1.
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Supplementary Figure 3A) and BRCA2 (3.45% vs 12.15%, 
P=0.0283, Supplementary Figure 3B). As there were also 
EGFR-mutant patients having high TMB, we further eval
uated differentially mutated genes between high TMB 
+EGFR-mutant and low TMB+EGFR-mutant patients. 
We found that the mutational frequencies of BRCA2 
(33.33% vs 1.82%, P=0.0129), RB1 (33.33% vs 1.82%, 
P=0.0129), CDKN2A (33.33% vs 2.73%, P=0.0209), 
CYP2D6 (33.33% vs 2.73%, P=0.0209) and TP53 
(83.33% vs 39.09%, P=0.0230) were lower in low TMB 
+EGFR-mutant patients (Supplementary Figure 4).

Relationship Between Immunological 
Phenotype and Clinical Characteristics
We were also curious about whether immune phenotype 
was different among patients with different EGFR muta
tion status and TMB level and tended to find which mutant 
gene might influence the tumor immune microenviron
ment. After reviewing tumor tissue sections, 218 (97.8%) 
specimens were available and according to IHC data we 

divided tumors into non-inflamed (117, 53.7%), intermedi
ate (71, 32.6%) and inflamed (30, 13.8%). After further 
analysis, we found proportions of three immune pheno
types were similar among patients with different TMB 
level and EGFR mutation status (Table 3). Similar result 
was also observed when we compare the immune pheno
types among EGFR 19del, L858R and uncommon muta
tion (P=0.812, Supplementary Table 3). Meanwhile, we 
did not find that ALK rearrangement correlate to the 
immune phenotype (P=0.714). However, we found propor
tions of immune phenotypes were of statistical difference 
among patients at different M stage (P=0.007). We also 
analyzed the correlation between EGFR mutation and reg
ulatory T cell (Treg) infiltration but no significant differ
ence was found (P=0.066, Supplementary Table 4). Then, 
we compared the mutant genes among three groups 
(Figure 3). Mutational frequencies of ALK in inflamed, 
intermediate and non-inflamed patients were 6.67%, 
1.41% and 0%, respectively (P=0.0200, Supplementary 
Figure 5A). Mutational frequency of CDKN2A was the 
highest in intermediate immune phenotype followed by 

Figure 2 Profile of mutated genes in EFGR-mutant and wild-type patients.
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inflamed phenotype (3.33% vs 7.04% vs 0%, P=0.0163, 
Supplementary Figure 5B). Mutational frequencies of 
IDH2 were also significantly different among three phe
notypes (6.67% vs 2.82% vs 0%, P=0.0396, 
Supplementary Figure 5C). We also found that the propor
tions of patients with MAP2K1 mutation (6.67% vs 4.23% 
vs 0%, P=0.0390, Supplementary Figure 5D) and PTEN 
mutation (20% vs 8.45% vs 5.13%, P=0.0306, 
Supplementary Figure 5E) were different among three 
phenotypes.

Discussion
Although ICBs had shown their promising anti-tumor 
effect, EGFR mutant patients did not get clinical benefit 
as expected.10,11 A recent study using tumor tissue showed 
EGFR mutant patients tended to have lower PD-L1 
expression.26 This result was incompatible with the finding 

in cell lines27 which might be caused by a more complex 
environment the tumor cells actually lived in. Therefore, 
altered PD-L1 expression might not fully explain the poor 
efficacy of ICBs in EGFR mutant patients.

TMB has been considered as another potentially inde
pendent predictive factor for the efficacy of anti-PD-1 
therapy12,13,28,29 and FDA has approved TMB >10 muta
tions per megabase as an indicator for using pembrolizumab 
for unresected or metastatic solid tumor.30 We compared the 
TMB level of different EGFR mutant status. EGFR wild- 
type patients would show a higher TMB level (OR= 4.707, 
95% CI 1.349–16.429). Thus, low TMB level might be 
a potential cause for the ineffectiveness of anti-PD-1 ther
apy in EGFR mutant patients. Our result was consistent 
with other studies in different study populations and ethnic 
background.31,32 Current research also pointed out that 
some clinical parameters such as male, smoking, lung 

Table 3 Immune Phenotype and Clinical Characteristics

Immune Desert Intermediate Inflamed P value

Sex Female 66(54.1%) 42(34.4%) 14(11.5%) 0.508
Male 51(53.1%) 29(30.2%) 16(16.7%)

Age <61 58(54.7%) 39(36.8%) 9(8.5%) 0.069
≥61 59(52.7%) 32(28.6%) 21(18.8%)

Smoking history Never 69(50.7%) 48(35.3%) 19(14.0%) 0.506

Ever 17(63.0%) 7(25.9%) 3(11.1%)

Pathological stage I+II 99(57.6%) 51(29.7%) 22(12.8%) 0.060

III+IV 17(37.8%) 20(44.4%) 8(17.8%)

T stage T1+T2 111(54.7%) 64(31.5%) 28(13.8%) 0.477

T3+T4 5(38.5%) 6(46.2%) 2(15.4%)

Lymph node metastasis Negative 94(56.6%) 51(30.7%) 21(12.7%) 0.412

Positive 22(45.8%) 18(37.5%) 8(16.7%)

M stage M0 115(55.6%) 65(31.4%) 27(13.0%) 0.007*

M1 1(10.0%) 6(60.0%) 3(30.0%)

EGFR WT 49(58.3%) 27(32.1%) 8(9.5%) 0.276

Mutant 59(50.9%) 37(31.9%) 20(17.2%)

ALK WT 107(54.3%) 63(32.0%) 27(13.7%) 0.714

Rearranged 9(45.0%) 8(40.0%) 3(15.0%)

PD-L1 <1% 109(54.8%) 64(32.3%) 26(13.1%) 0.145

≥1% 5(33.3%) 6(40.0%) 4(26.7%)

TMB Low 107(53.8%) 66(33.2%) 26(13.1%) 0.589

High 10(52.6%) 5(26.3%) 4(21.1%)

Note: *P<0.05. 
Abbreviations: EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; PD-L1, programmed death ligand 1; TMB, tumor mutation burden.
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squamous cell carcinoma, metastatic status, tumor size and 
gene mutation status like TP53 and CDKN2A mutation 
would also affect TMB level.33,34 Similar, we also found 
that mutational frequencies of some genes, such as TP53, 
genes involved in DNA damage repair and so on, were 
higher in patients having high TMB level. But we did not 
find tumor size was independently correlated to TMB level 
after multivariate analysis. This might be due to different 
population and the cutoff value of tumor size. Research has 
found a lower TMB in EGFR 19del mutation than that in 
L858R mutation,31,35 but in our study, we did not find 
different TMB level among EGFR 19del, L858R and 
uncommon mutations (Supplementary Table 1). Relatively 
small sample size and different ethnic background might 
cause the inconsistent result.

We further analyzed the different mutations between 
EGFR wild-type and mutant patients to explore the poten
tial reason to explain why TMB level was low in EGFR 
mutant patients. We found BRCA2 and KRAS mutation 
frequency were lower in EGFR mutant patients. BRCA2 
is an important compartment in homologous recombina
tion repair (HRR), a method predominantly to repair repli
cation-associated DNA double-strand breaks, through 
which it can protect the accuracy of genome during 
DNA replication.36 Recently, pulmonary sarcomatoid car
cinoma with BRCA2 mutation having higher TMB has 
been reported.37 Furthermore, Wang et al identified co- 
mutations in DNA damage response (DDR) pathways 
such as HRR and mismatch repair (MMR) or HRR and 
base excision repair (BER) were correlated to increased 
TMB and better response to ICBs.38 Thus, we 

Figure 3 Mutated genes in inflamed, intermediate and non-inflamed patients.
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hypothesized that the low frequency of BRCA2 mutation 
caused the low TMB level in EGFR mutant patients. This 
was further demonstrated when we narrowed population 
into EGFR mutant patients in our cohort. As some patients 
would have EGFR and BRAC2 mutation simultaneously, it 
should be investigated whether patients with co-mutation 
would get benefit from ICBs. KRAS mutation, another vital 
driver mutation, has been demonstrated being associated 
with higher TMB than KRAS wild-type,39,40 which was 
also demonstrated in our cohort. Liu et al found expression 
of some DDR pathway-related genes in KRAS-mutant 
tumor was significantly decreased.40 It was a partial 
mechanism of elevated TMB in KRAS mutant patients. 
But the exact mechanisms are still not fully understood. 
It is necessary to delineate how KRAS mutation affects the 
DDR pathways in LUAD which can lead us to find out 
novel indicators of high TMB and biomarkers for predict
ing the efficacy of ICBs. As driver mutations were 
mutually exclusive with each other, patients with EGFR 
mutation rarely had KRAS and other driver mutations. 
Thus, we presumed that KRAS mutation might drive the 
carcinogenesis of partial EGFR wild-type patients in our 
cohort and make the TMB increased in these patients 
while the low proportion of KRAS mutation in EGFR- 
mutant patients caused low TMB in these patients.

As TMB alone may not be a perfect predictor and 
cancer cells have complex interactions with immune 
cells,30 tumor immune microenvironment should also be 
considered as an impact factor for immune therapy. 
Studies have suggested that tumor immune microenviron
ment could impact the outcome of ICBs therapy and TILs 
could be a biomarker for predicting the efficacy of 
ICBs.14,41 As currently immune phenotype could be 
divided into non-inflamed, intermediate and inflamed 
according to IHC, we also compared the immune pheno
type among different EGFR mutations in our cohort. 
However, no difference was found neither between EGFR- 
mutant and wild-type nor among different EGFR mutation 
subtypes in our study. In others’ studies lack of infiltration 
of CD8+T cell and lower co-expression level of PD-L1 
+/CD8+ in EGFR-mutant patients have been demonstrated 
by both IHC and bioinformatic analysis.9,26,42,43 

Moreover, higher proportion of patients with PD-L1 
+/CD8+ was also found in uncommon EGFR mutant 
patients than that in EGFR 19del and L858R.44 Thus, 
affecting tumor immune microenvironment might be one 
of the mechanisms of decreasing the efficacy of ICBs in 
EGFR-mutant patients. But in our data, we did not find the 

differences. This discrepancy might be caused by our 
relatively small sample size.

TMB could reflect the neoantigen burden of the tumor 
indirectly and neoantigen partially reflected the tumor 
immunogenicity which also played a significant role in 
determining tumor immune microenvironment. A study 
also demonstrated TMB level was positively correlated 
with local immune cytolytic activity in many cancers 
including LUAD.45 Thus, we also wondered if immune 
phenotypes were different between high and low TMB 
level in our cohort. However, our current study found the 
immune phenotypes in the high TMB group were similar 
to that in the low TMB group. As higher mutational 
frequency of B2M was found in high TMB group, deficient 
antigen presentation might be the reason for preventing the 
inflamed immune phenotype forming in high TMB group 
in our cohort. It also demonstrated that TMB was not the 
sole factor that affects T cell activation, which was sug
gested in other studies as well.46,47 Further studies are 
needed for exploring more factors which could influence 
the immune phenotype determination.

In our study, we further analyzed differentially mutant 
genes among three immune phenotypes. ALK expression 
was mainly restricted in immune-privilege location during 
normal development, fused and overexpressed ALK would 
activate humoral and cellular immune reaction against the 
tumor.48 And in our cohort, we also found ALK mutational 
frequency was higher in inflamed phenotype. This conse
quence seemed to be contradictory with the poor clinical 
efficacy of ICBs in ALK rearranged patients.49 This dis
crepancy might be explained by the complex role of ALK 
in immunity. On the one hand, fused or mutant ALK might 
activate the immune system and induce inflammatory. On 
the other hand, fused ALK could induce expression of 
immunosuppressive factors and suppressed cell surface 
expression of HLA I molecule.48 Different fusion patterns 
of ALK were also found having different impacts on tumor 
immune microenvironment.50 Further studies are indispen
sable to detailed analyzing various influence on tumor 
immunity of different mutant or fused ALK. IDH is an 
important family of enzymes, including IDH1 and IDH2, 
in cellular metabolism. IDH1 R132H mutation in glioma 
would cause decreased CD8+T cell infiltration and reduced 
expression of chemokines which recruit cytotoxic 
T lymphocyte.51 However, in our analysis, we found the 
proportion of mutant IDH2 was higher in inflamed 
patients. This inconsistent result might be explained by 
different tumor type and variants. More studies are 
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necessary to explore the significance of IDH mutation in 
LUAD and its role in modulating tumor immunity. PTEN, 
a vital tumor suppressor, was also found having relation
ship with tumor immune microenvironment but the finding 
was inconsistent. In melanoma and glioma loss of function 
mutation in PTEN was correlated with low T cell infiltra
tion and an unfavorable immune microenvironment.52,53 

But in microsatellite unstable colorectal cancer, frameshift 
mutation in PTEN was correlated with higher density of 
infiltrating lymphocytes.54 Our finding was consistent with 
the latter one, PTEN mutation tended to be more frequent 
in patients with inflamed phenotype. Further clinical stu
dies are required to investigate the outcome of ICBs in 
PTEN–mutant LUAD patients to explore its exact role in 
lung cancer immune therapy. Recent studies have found 
MEK inhibitor could upregulate MHC I expression on 
tumor cells and reverse the immunosuppressive microen
vironment to inflamed phenotype.55–57 But in our study 
patients with inflamed phenotype showed a higher propor
tion of MAP2K1 (also known as MEK1) mutation. The 
possible reason might be that different variants in 
MAP2K1 would have different roles in the formation of 
tumor microenvironment. More studies are necessary for 
analyzing the impact of specific MAP2K1 mutation on 
tumor immunity in LUAD to improve immune therapy 
and combination therapy. CDKN2A had been well studied 
as a cell cycle inhibitor and its inactivation would cause 
CDK activation and cell cycle progression.58 Uncontrolled 
cell division might cause the lack of nutrition and necrosis 
of tumor cells, which could promote antigen presentation 
and anti-tumor immunity. Uncontrolled cell cycle also 
could promote the accumulation of errors of the genome 
during cell division which might facilitate the formation of 
neoantigens. Meanwhile, the errors might also affect other 
genes involved in immune pathways and potentially nega
tively modulate the ability of a tumor to activate immunity 
and the immune reaction against the tumor. Thus, its exact 
impact on tumor immune microenvironment still needs to 
be further elucidated.

Our study also had some limitations. Firstly, the sample 
size was not large enough in our study. Secondly, we used 
targeted panel sequencing to assess the TMB. Thus, muta
tions in genes which are not contained in the panel could 
not be identified and analyzed. Thirdly, we did not use 
multi-site samples to evaluate the TMB so that the poten
tial influence of heterogeneity of tumor TMB could not be 
taken into consideration in this study.

Conclusions
In this research, lower TMB was found in EGFR mutant 
patients, which indicated that low TMB could be 
a potential reason for the unsatisfied efficacy of ICBs in 
EGFR mutant patients. Although we did not find 
a statistical difference of immune phenotype between 
EGFR mutant and wild-type patients, changes in immune 
phenotype should still be considered as a potential critical 
factor impacting on the efficacy of ICBs in EGFR mutant 
patients. It should be further investigated in larger cohort 
retrospectively and prospectively. We also identified ALK, 
IDH2, CDKN2A, MAP2K1 and PTEN have different muta
tional frequencies among three immune phenotypes. This 
indicated that the pathways modulated by these genes 
could affect the tumor immune microenvironment. 
Further studies are indispensable for understanding their 
roles in building tumor immune microenvironment.
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