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Abstract: Although targeted therapy has improved the clinical prognosis of patients with non-small cell 
lung cancer (NSCLC) EGFR mutations, these patients eventually will develop resistance to TKIs. Immune 
checkpoint inhibitors (ICIs) could be the potential subsequent treatment option but there is a great 
heterogeneity in patients’ response to ICIs, which triggers an urgent need for predictive biomarkers to 
select patients who respond well. Here we displayed the predictive capability of EGFR mutation and 
tumor mutational burden (TMB) in immunotherapy response prediction using a cohort of 247 patients 
with advanced NSCLC. The targeted next-generation sequencing panel was used to detect gene 
expression and mutations from formalin-fixed paraffin-embedded tumor tissue. Progression-free survival 
was analysed. Patients with EGFR mutations (versus EGFR wild type) demonstrated a worse response 
to ICIs in patients with advanced NSCLC. Among patients with EGFR mutation, TMB high (versus TMB 
low) didn’t predict an improved response to ICIs whereas, in the EGFRwt group, TMB high showed a 
beneficial response to ICIs. Our study therefore suggested that EGFR mutations could be a biomarker to 
predict a poor response to ICIs in patients with NSCLC and TMB could not have predictive value of ICI 
response although some EGFR mutation subtypes may suggest improved response in patients with 
NSCLC EGFR mutations. 
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1. Introduction 

1.1 Overview and Heterogeneity of Lung Cancer  

Lung cancer is one of the malignant tumors with the highest incidence and mortality all over the 
world[1]. In 2020, there were an estimated 2.2 million new cases of lung cancer and 1.8 million deaths 
from lung cancer. Most of the patients showed symptoms only when they reached an advanced condition, 
resulting in a poor 5-year survival rate of only about 20%. NSCLC including squamous cell carcinoma, 
adenocarcinoma (LUAD), and others accounting for 85% of the total cases, with LUAD being the most 
dominant subtype[2] [3]. 

With the extensive development of gene detection technology, the heterogeneity of lung cancer has 
been widely studied at the molecular biological level. Over the past two decades, several tumor-driving 
gene mutations have been identified in NSCLC, including epidermal growth factor receptor (EGFR), 
KRAS, ALK,ROS1,BRAF, MET, NTRK, and RET [4]. Novel targeted therapies have been developed to 
target these oncogenic driver mutations and significantly extend the survival of patients with lung cancer. 

EGFR mutation is one of the most common tumor-driver gene mutations in patients with LUAD, and 
it accounts for about 50% of lung cancer patients in Asian countries[5] whereas only 20% of the patients 
in Western populations. EGFR tyrosine kinase inhibitor (EGFR-TKI), developed for 3 generations so far, 
has significantly improved the median progression-free survival (PFS) and overall survival (OS) of 
EGFR-mutated advanced LUAD patients[6] and become the preferred clinical therapeutics for patients 
with EGFR-sensitive mutations[4]. Nevertherless, although around 85-90% of EGFR mutations occurring 
in exon 19 deletion and exon 21 L858R is suitable for the first/second generation EGFR-TKI drug therapy, 
about 60% of patients with EGFR sensitizing mutations have developed EGFRT790M mutation after 
EGFR-TKI treatment, resulting in EGFR-TKI drug resistance[7]. In addition to some patients with 
EGFRT790M mutation after drug resistance can receive the third-generation EGFR-TKI targeted therapy, 
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the standard treatment for most EGFR-TKI resistant patients is still chemotherapy and the efficacy is 
often limited, so there is an urgent need for developing new therapeutics to improve the clinical efficacy. 

1.2 Immune Checkpoint Inhibitor and Biomarkers 

Immune checkpoint inhibitors, represented by antibodies targeting programmed cell death 1(PD-1) 
and programmed cell death ligand 1(PD-L1), significantly improved the survival of patients with 
advanced NSCLC[8], and opened a new era of clinical immunotherapy for lung cancer. Although clinical 
studies suggested that NSCLC patients with NSCLC EGFR mutations obtained limited benefit from 
immunotherapy[9], EGFR-TKI resistance patients may benefit from two immunosuppressants 
combination therapy[10] or immunotherapy combined with anti-vascular and chemotherapy agents[11],[12] 
which seems provide a new immunotherapy option for patients with EGFR mutations after TKI treatment 
failure, but multiple drug combination could also increase risks of toxicities as well. Considering the 
response to immunotherapy in patients with EGFR mutations varied greatly[13],[14], a wise approach could 
be identifying effective biomarkers to predict the response to ICI treatment and it could improve the 
sensitivity to ICI monotherapy .  

Several factors were suggested to be potential for the prediction of ICI efficacy, including EGFR 
mutations, PD-L1 expression and TMB. Immunotherapy was shown to be more effective in patients with 
EGFRG719X mutations than in patients with other EGFR mutation subtypes. However, it still needed to be 
verified in large sample clinical trials[13]. Several studies have pointed out that patients with NSCLC high 
expression of PD-L1 and EGFR mutations benefited little from EGFR TKI, but respond well to 
ICI[15],[16],[17]. However, another study has suggested that patients with EGFR mutations respond to ICI, 
but this relationship was independent of PD-L1 expression. Therefore, PD-L1 expression may not 
uniformly predict the efficacy of ICI. TMB, representing the total number of somatic/acquired mutations 
per coding area of a tumor genome, was usually lower in EGFRm than EGFRwt[18], but increased TMB 
level in EGFRm NSCLC patients could indicate improved response to ICI treatment[19].  

Considering the variable response to immunotherapy in patients with EGFR mutation and no 
confirmed indicators to predict ICI efficacy currently, there is an urgent need to identify biomarkers that 
can predict immunotherapy efficacy. In this study, we aim to explore the interactive associations between 
EGFR mutation/EGFR wild type and TMB among 247 patients with stage IV NSCLC who are treated 
with ICIs.  

2. Methods 

2.1 Study Population 

In total, 247 patients with stage IV NSCLC who were treated with PD-(L)1 inhibitors between 2014 
and 2019 at MSK were included in this work. Patients who received chemotherapy concurrently with 
PD-(L)1 inhibitors were not included. PD-L1 expression levels were measured by PD-L1 IHC on tumor 
specimens and positive PD-L1 IHC staining of the tumor slides was indicated as TPS≥1%.  TMB was 
measured by targeted next-generation sequencing panel MSK IMPACT, a 341–468 gene assay performed 
on formalin-fixed paraffin-embedded tumor tissue along with matched healthy specimens (blood) from 
each patient to detect somatic gene alterations. 

cBioPortal for Cancer Genomics was used to perform the survival analysis. Briefly, we selected the 
Lung Adenocarcinoma (MSK Mind, Nature Cancer 2022) database for analysis. A total of 247 patients 
were classified as patients with EGFR mutations (EGFRm) and without EGFR mutations (EGFRwt) for 
survival analysis. For both EGFRwt and EGFRm groups, patients were further classified as TMB high , 
indicated as ≥10 mutations per Mb (mut/Mb) and TMB low (<10 mut/Mb) groups for the comparison of 
survival after the treatment of ICIs. The Lifelines package was used to compute progression-free survival 
(PFS) survival curves estimated using the Kaplan–Meier method and the Cox proportional hazard model 
was used to estimate hazard ratio (HR). All statistical tests were two-sided with a significance level of 
2.5% for each tail. 
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3. Results 

3.1 Characteristics of Patients  

In this study, 247 advanced patients with NSCLC were treated with PD-(L)1 inhibitors monotherapy 
or PD-(L)1 plus CTLA-4 combination therapy. Among them, 54% of the patients were female with a 
median age of 68 years (range 38–93 years). A total of 218 (88%) patients had a history of smoking 
(median 30 pack-years, range 0.25–165). Histological subtypes of NSCLC included 195 (79%) 
adenocarcinomas, 37 (15%) squamous cell carcinomas, 7 (3%) large cell carcinomas and 8 (3%) NSCLC. 
Collectively, 169 (68%) patients received one or more lines of therapy before starting PD-(L)1 blockade, 
and 78 (32%) patients received PD-(L)1 blockade as first-line therapy, of which 14 (6%) received therapy 
in the context of a clinical trial[20] (Table.1). 

Table 1: Characteristics of Patients in This Study 

Characteristics Patients (n=247) 
n (%) 

Age median 68(38-93) 
Sex male 113(46) 

female 134(54) 
Smoking status Current/former 218(88) 

Never  29(12) 
Line of therapy 1 78(32) 

2 136(55) 
≥3 33(13) 

Therapeutic type Anti-PD-(L)1 monotherapy 235(95) 
Anti-PD-(L)1 + CTLA-4 
combination  

12(5) 

3.2 Characterization of EGFR Mutation and Subtypes 

Twenty-one  patients harbored EGFR mutations, involving 16 driver mutations with all located from 
exons 18 to 21 and 7 variants of uncertain significance (VUS) located on exons 1, 3 (2 VUS), 9,11, 23, 
and 28 respectively. Among the 16 driver mutations, 12 were missense variants and 4 were inframe 
mutations. Seven VUS were all missense mutations. Except for driver mutations EGFRL858R (missense) 
and E746_A750del (in-frame del) were carried by 8 (36.36%) and 2 patients (9.09%) respectively, the 
other mutations were all carried by only one patient (4.55%) (Figure1.A-B).   

 
 

Description Driver (n=16) VUS*(n=7) 
Missense 12 7 
Inframe 4 0 

Location Exon 18-21 Exons 1, 3, 9,11, 23 and 
28  

Figure 1: EGFR mutations profiles (n=23) analysis  
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3.3 Survival Analysis of EGFRm vs EGFRwt  

The survival analysis was performed between 21 patients with EGFRm and 225 patients with 
EGFRwt. The HR was 0.405 (95% CI: 0.204-0.801) indicating a significantly decreased PFS in EGFRm 
group with P-value of 4.861*10-5 (Figure 2). 

 
Figure 2: PFS survival analysis of EGFRm and EGFRwt group 

3.4 TMB Distribution and Survival Analysis  

TMB was studied in 247 patients and the median was 7.9 mut/Mb with 133 cases less than or equal 
to 7.9 mut/Mb and 114 cases more than 7.9 mut/Mb. (Figure3. A).We first performed survival analysis 
in all 247 patients for TMB ≥10 mut/Mb (n=92) vs TMB < 10 (n=154). Patients with TMB  ≥ 10 mut/Mb 
demonstrated a significantly increased survival rate compared to patients with TMB<10 mut/Mb, with 
an HR  of 0.558 (95% CI: 0.425-0.732, P < 0.001)(Figure3. B).  

 
Figure 3: TMB distribution and survival analysis of PFS based on TMB high and low in all patient 

group, EGFRm group and EGFRwt group. (A-B) 

Then survival analysis was similarly conducted in EGFRwt group for TMB high vs TMB low. Patients 
with TMB high demonstrated a significantly increased survival rate compared to patients with TMB low 
(HR=0.547,95%CI:0.411-0.728, P < 0.001) . Survival analysis was also carried out within EGFRm group 
(Figure4. A ). No significant differences were observed between the two groups regarding TMB level (P 
= 0.84). There were 6 and 15 patients in TMB high and TMB low groups respectively (Figure4. B).  

Logrank Test P-Value: 4.861e-5 
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Figure 4: TMB distribution and survival analysis of PFS based on TMB high and low in all patient 

group, EGFRm group and EGFRwt group.(A-B) 

4. Discussion 

To date, two biomarkers have been approved by the FDA to inform treatment decisions of ICIs in 
patients with NSCLC, including PD-L1 expression(Borghaei, 2021) and TMB. However, PD-L1 
expression has a low diagnostic accuracy with a response occurring in 6.5 to 10 percent of patients who 
do not express PD-L1[21],[22]. TMB, cut-off value is not absolute and may depend on different genomes 
and molecular techniques used[23],[24], etc. As a result, it is urgent to explore individual or combined 
biomarkers that better suggest response efficacy to ICIs with high diagnostic accuracy.  

In this study, we first explored the predictive value of EGFRm for ICI response in 247 patients with 
NSCLC. A total of 235 (95%) patients have been treated by anti-PD-(L)1 monotherapy and 12 (5%) have 
accepted anti-PD-(L)1 plus CTLA-4 combination therapy (Table 1). Among them, 214 patients (87%) 
received ICI monotherapy as the first-line or second-line therapy whereas 33 (13%) patients received it 
as the third-line or beyond. The survival analysis of PFS was performed between 21 patients with EGFRm 
and 225 patients with EGFRwt. EGFRm patients demonstrated a significantly shortened PFS compared 
with patients with EGFRwt (P-value < 0.001), which suggested that EGFRm had a poor response to ICI. 
This result has echoed that of some previous studies. Lisberg, et al studied the therapeutic effect 
of pembrolizumab in TKI naïve patients with NSCLC EGFR mutation and PD-L1positive（≥1%, 
including 8 patients with PD-L1≥50%. In the study, enrollment ceased due to poor efficacy after 11 out 
of the planned 25 patients were treated. The result indicated that only one patient displayed an objective 
response, however, the repeated analysis of this patient’s tumor confirmed that the previous positive 
EGFR mutation was incorrect[25]. Therefore, pembrolizumab monotherapy didn’t bring benefit to TKI 
naïve patients with NSCLC EGFR mutation. A randomized phase 2 trial studied nivolumab and 
nivolumab plus ipilimumab in EGFR-TKI resistant NSCLC with the primary endpoint of objective 
response rate (ORR). This study allowed crossover if the disease progressed. Fifteen patients received 
nivolumab and 16 patients received nivolumab plus ipilimumab. Sixteen (16) patients (51.6%) expressed 
PD-L1 ≥ 1% and 15 (45.2%) carried EGFR T790M. Five patients obtained clinical benefits from ICI but 
only one objective response (objective response rate 3.2%), and the median PFS was 1.22 months (95% 
CI: 1.15–1.35) for the overall cohort. Four patients crossed over to nivolumab plus ipilimumab  treatment, 
but none of them achieved salvage response by nivolumab plus ipilimumab[26]. This study indicated that 
the nivolumab monotherapy or nivolumab plus ipilimumab combination therapy didn’t benefit more to 
advanced patients with NSCLC EGFR mutation.  

In this study, among the total 247 patients with NSCLC, patients with TMB  ≥ 10 (154) demonstrated 
a significantly increased survival rate vs patients with TMB<10 (92) (P-value 4.814*10-5). Similarly, 
patients with TMB  ≥ 10 demonstrated a significantly increased survival rate vs patients with TMB<10 
among 225 EGFRwt patients with NSCLC. Their result indicated that TMB high suggested a beneficial 
outcome from ICI treatment, which was supported by previous studies. The first study on the efficacy of 
TMB and NSCLC immunotherapy[23] was published in Science in 2015 and it found that patients with 
NSCLC with higher than median TMB had longer PFS. After that, many large-scale studies such as 
Check Mate-026 and Check Mate-227 have confirmed the predictive effect of TMB on the efficacy of 
immunotherapy for NSCLC. Although FDA has approved pembrolizumab monotherapy for the treatment 
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of patients with high TMB (defined as tissue TMB≥10 muts/Mb tested), there is no unified definition of 
the cut-off value for distinguishing high and low TMB and different studies have used different methods 
to determine the cut-off value. Some studies determined the TMB cut-off value through training practice 
the set[23],[27] and quantile method. Hence, there is still no standard cut-off value for TMB, which makes 
it incomparable for different studies and the unmet need for future tumor studies.  

Compared with the predictive effect of TMB for high ICI response in NSCLC with EGFRwt, it is 
controversial for the predictive effect of TMB in patients with NSCLC EGFR mutations. In this study, 
we also investigated the predictive effect of TMB in EGFR mutation patients and we didn’t see a 
significant difference in survival analysis between TMB high (n=6) and TMB low groups (n = 15 ) with 
a P-value of 0.84. Our results were supported by a phase 2 trial, which carried out nivolumab 
monotherapy and the combination therapy of nivolumab and ipilimumab in EGFR-mutant 
NSCLC. Among them, 15 received nivolumab, and 16 received of nivolumab and ipilimumab 
combination. To show the effect of TMB on response to immunotherapy, eight patients were identified 
as having target lesions that either revealed shrinkage or had a stable tumor size of 6 months or more and 
underwent tumor biopsy. TMB analyses of the responders and non-responders displayed similar changes 
regardless of tumor response to ICIs[26]. However, several studies did show some predictive trends of 
TMB in EGFRm NSCLC. A recent study investigated the impact of TMB on clinical outcomes of patients 
with NSCLC EGFR TKIs treatment. TMB was found to be remarkably lower in EGFR-mutated tumors 
(n =153) than EGFR wild-type tumors (n = 1,849) (median 3.77 versus 6.12 mut/Mb; P < 0.0001). 
Furthermore, TMB was also found to have varied expression in different EGFR mutations. Among the 
common sensitizing EGFR mutations, TMB was found to be lower in the exon 19 deletion cohort than 
in the L858R cohort[28]. A study has recently reported that clinical outcomes (OS and ORR) with PD-1 
ICIs were worse in patients with exon 19 deletion than in patients carrying EGFRL858R mutation13. Further 
TMB analyses of the two patient cohorts suggested that the higher TMB in EGFR L858R mutation could 
contribute to the differential responses to PD-1 ICIs since PD-L1 expression and smoking status were 
similar in the two patient subpopulations. Reduced TMB may be the mechanism underlying the poor 
response to ICIs in patients with EGFR mutations. Nevertheless, different EGFR mutation subgroups 
could possess varied TMB, which could also influence their response to ICIs. Therefore, it is still not 
clear whether TMB could be used as a predictive biomarker for ICI efficacy in EGFRm NSCLC.  

4.1 Limitations  

This study has the following limitations. First, given the low prevalence of EGFRm in the European 
population, we have a small sample size (n=21) of patients with EGFRm in this study, which limited the 
statistical power to compare TMB high and low within EGFRm group. Moreover, there is no standard 
cut-off value for TMB yet and we selected the cut-off value of 10 mut/Mb as FDA-approved in this study, 
which may not accurately reflect the patients who could respond well to ICIs.   

4.2 Conclusions 

In this study, patients with EGFR mutations (versus EGFRwt) demonstrated a worse response to ICIs 
in patients with advanced NSCLC. Among patients with EGFR mutation, TMB high (versus TMB low) 
didn’t predict an improved response to ICIs  whereas, in the EGFRwt group, TMB high showed a 
beneficial response to ICIs although some EGFR mutation subtypes may suggest improved response.   
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