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Introduction
Classical EGFR mutations (exon 19 deletion or 
L858R point mutation) were identified in 2004 as 
the first targetable oncogenic driver in non-small-
cell lung cancer (NSCLC).1–3 Since then, a grow-
ing number of tyrosine kinase inhibitors (TKIs) 
have received regulatory approval and transformed 
the NSCLC treatment landscape by offering high 
response rates and generally good tolerability in a 
growing list of driver oncogene-selected patients. 
However, long-term survival is hindered by the 
almost universal acquisition of resistance. In con-
trast, anti-programmed death ligand-1 (PD-L1) 
immune checkpoint inhibitors (ICIs), which were 
first approved in 2015, have overall modest 
response rates, but have demonstrated the unique 
potential to induce long-term durable responses in 
a subset of patients, especially those with high 
PD-L1 expression.4,5 Interestingly, analyses of 
early ICI trials demonstrated low efficacy in 
patients with targetable epidermal growth factor 
receptor (EGFR) or anaplastic lymphoma kinase 
(ALK) alterations, and consequently, most subse-
quent trials excluded patients with these and 
sometimes other actionable alterations. These 

exclusions have helped reinforce a management 
paradigm that divides patients into ‘driver- 
positive’ and ‘driver-negative’ subgroups, with the 
management of ‘driver-positive’ patients focused, 
at least initially, on the application of targeted 
therapies, and ‘driver-negative’ patients on the use 
of ICIs with or without chemotherapy.

However, after nearly two decades of targeted 
therapy development, nine actionable oncogene 
drivers have been established in NSCLC, each 
with its own set of approved targeted therapies. 
With this proliferation of therapeutic options, the 
phenotype of ‘driver-positive’ patients has 
expanded to include tumors with differential sen-
sitivity to ICIs. Understanding the efficacy and 
toxicity of ICIs in these patient populations is 
integral to determining how to optimally deploy 
ICIs in sequence and in combination with the 
growing list of other systemic therapies, and a 
better understanding of the biology underlying 
oncogenic drivers and ICI resistance may help 
guide rational drug design that allows more 
patients with oncogenic drivers to benefit from 
long-term anti-tumor immune responses.
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In this review, we summarize the clinical data on 
ICIs as monotherapy or in combination with 
chemotherapy for each of the targetable onco-
genic drivers in NSCLC (Table 1 and Figure 1), 
the known toxicity risks, and discuss potential 
strategies to enhance benefits in the future.

Clinical efficacy of immunotherapy in NSCLC 
with oncogene drivers

Epidermal growth factor receptor classical 
mutations
Classical mutations (exon 19 deletion or exon 21 
L858R mutation) in EGFR were the first identi-
fied actionable oncogenic driver in NSCLC in 
2004,6 and EGFR-mutated NSCLC remains the 
best studied oncogene due to high prevalence 
(~20% of lung adenocarcinoma). Despite early 
preclinical data suggesting that EGFR mutations 
upregulated PD-L1 expression,7–10 and PD-1 
blockade improved mouse survival,11 numerous 
subgroup analyses from early ICI monotherapy 
trials demonstrated decreased efficacy in patients 
with EGFR mutations.12,13

In the phase II/III KEYNOTE-010 trial, while 
pembrolizumab monotherapy showed improved 
overall survival (OS) compared with docetaxel 
among previously treated patients with 
PD-L1 ⩾ 1% [12.7 versus 8.5 months; hazard 
ratio (HR): 0.61; 95% confidence interval (CI): 
0.49–0.75; p < 0.0001)], subgroup analysis 
showed no OS improvement in the EGFR-mutant 
population [HR 0.88 (0.45–1.70)].4 Similarly, 
the phase I CheckMate 012 trial demonstrated 
low efficacy for nivolumab monotherapy as first-
line treatment of advanced NSCLC among 
EGFR-mutant patients, with an overall response 
rate (ORR) of 23% (14% among patients with no 
PD-L1 expression versus 28% among patients 
with PD-L1 ⩾ 1%), median progression-free sur-
vival (mPFS) of 1.8 months (versus 6.6 months 
among EGFR-WT), and median OS (mOS) of 
18.8 months.14 In the phase III OAK trial, atezoli-
zumab demonstrated a significant improvement 
in OS with atezolizumab versus docetaxel in previ-
ously treated NSCLC [mOS 13.8 versus 9.6 (HR: 
0.73; 95% CI: 0.62–0.87; p = 0.0003)]. However, 
in subgroup analyses, patients with EGFR muta-
tion demonstrated no significant difference in OS 
whether they were treated with atezolizumab or 
docetaxel.15 Similar findings were shown in the 
phase II BIRCH trial evaluating atezolizumab in 

the first-, second-, and third-line settings, where 
atezolizumab had activity in both EGFR-mutant 
and EGFR-WT tumors, atezolizumab was less 
efficacious by mOS in the EGFR-mutant group.16 
Finally, the phase II ATLANTIC trial evaluated 
durvalumab in patients with advanced NSCLC 
that progressed on at least two prior regimens. 
While EGFR-mutant NSCLC with PD-L1 > 25% 
demonstrated improved ORR (12.2%; 95% CI 
5.7–21.8%) than PD-L1 < 25% (3.6%, 95% CI: 
0.1–18.3%), benefit was very limited, with mPFS 
of 1.9 months in both groups.17

Several meta-analyses confirmed these individual 
subgroup analyses. A meta-analysis of ICI as sec-
ond-line therapy in EGFR-mutant NSCLC 
showed no improved OS compared to doc-
etaxel.18,19 Patients with EGFR wild-type (WT) 
non-squamous NSCLC demonstrated a signifi-
cantly higher ORR to nivolumab than those with 
EGFR-mutant tumors (19.6% versus 8.8%; 
p = 0.007).20 An independent meta-analysis con-
firmed that EGFR-mutant NSCLC did not asso-
ciate with improved OS from anti-PD-1/L1 
therapy compared to chemotherapy (HR: 1.11; 
95% CI: 0.80–1.53; p = 0.54), while the 
EGFR-WT subgroup demonstrated improved 
OS (HR: 0.73; 95% CI: 0.61–0.87; p = 0.001).21 
One retrospective analysis even showed that the 
presence of EGFR mutations was associated with 
a reduced OS when treated with anti-PD-1 
nivolumab (p = 0.02).12

One initial hypothesis was that ICI activity in 
patients with EGFR mutant may be better in 
patients without prior TKI exposure. This 
hypothesis arose from retrospective analysis of the 
phase I study KEYNOTE-001, where 4 TKI-
naïve patients with EGFR-mutant NSCLC had 
an ORR of 50%, mPFS of 157.5 days, and mOS 
of 559 days, whereas the 26 TKI-pretreated 
patients had an ORR of 4%, mPFS of 56 days, 
and mOS of 120 days.12 However, this hypothesis 
was evaluated in a phase II trial (NCT02879994) 
of pembrolizumab in TKI-naïve patients with 
EGFR mutations, which was stopped after 11 of 
25 planned patients for futility; despite PD-L1 
expression ⩾50% in 73% of patients, only one 
had an objective response, and on re-analysis it 
was found that an EGFR mutation in this patient 
was reported in error. In addition, two patients 
subsequently treated with EGFR TKI died, one 
from pneumonitis, raising concerns about 
increased toxicity from ICI preceding TKI.13
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Table 1.  Clinical outcomes of ICIs in oncogene-driven NSCLC.

Oncogene Study name Phase Sample (n) Treatment Line ORR mPFS mOS

EGFR Monotherapy

KEYNOTE 001 I 30 Pembrolizumab 1 TKI naïve: 
50%
Pretreated: 
4%

TKI naïve: 
157.5 d
Pretreated: 
56 d

TKI naïve: 
559 d
Pretreated: 
120 d

NCT02879994 II 11 Pembrolizumab 1 0% N/A N/A

KEYNOTE 010 II/III 86 Pembrolizumab versus 
docetaxel

2+ N/A HR: 1.79 
(0.94–3.42)

HR 0.88 
(0.45–1.70)

CheckMate 012 I 7 Nivolumab 1 14% 1.8 mo 18.8 mo

CheckMate 057 III 82 Nivolumab versus docetaxel 2+ 11% HR: 1.46 
(0.90–2.37)

HR: 1.18 
(0.69–2.00)

POPLAR II 19 Atezolizumab versus docetaxel 2+ N/A N/A HR: 0.99 
(0.29–3.40)

OAK III 85 Atezolizumab versus docetaxel 2+ 5% N/A HR: 1.24 
(0.71–2.18)

BIRCH II 45 Atezolizumab 1–3 1st line: 
23%
2nd line: 
0%
3+ line: 
7%

1st line: 
5.5 mo
2nd line: 
1.3 mo
3+ line: 
1.4 mo

1st line: 
20.1 mo
2nd line: 
9.8 mo
3+ line: 
7.4 mo

ATLANTIC II 102 Durvalumab 3+ PD-
L1 > 25%: 
12.2% 
PD-
L1 < 25%: 
3.6%

PD-L1 > 25%: 
1.9 mo 
PD-L1 < 25%: 
1.9 mo

PD-L1 > 25%: 
13.3 mo 
PD-L1 < 25%: 
9.9 mo

CheckMate 012 I 6 Nivolumab + chemo 1 17% 4.8 mo 20.5 mo

Combination therapies

CheckMate 012 I 8 Nivolumab + ipilimumab 1 50% N/A N/A

KEYNOTE 021 I/II 10 Pembrolizumab + ipilimumab 2+ 10% N/A N/A

IMpower 150 III 124 ABCP versus ACP versus BCP 2+ ABCP: 71%
ACP: 36% 
BCP: 42%

ABCP: 10.2 mo
ACP: 6.9 mo
BCP: 6.9 mo

ABCP: NE
ACP: 21.4 mo
BCP: 18.7 mo

ORIENT-031 III 444 Sintilimab + anti-
VEGF + chemo (SIC) versus 
Chemo

2+ SIC: 44%
Chemo: 
25%

SIC: 6.9 mo
Chemo: 
4.3 mo

N/A

  IMMUNOTARGET Retro 125 Anti-PD-(L)1 1+ 12.2% 2.1 mo 10 mo

HER2 Guisier et al. Retro 23 Anti-PD-(L)1 1+ 27.3% 2.2 mo 20.4 mo

Lai et al. Retro 26 Anti-PD-(L)1 1+ 12% 1.9 mo 10.4 mo

IMMUNOTARGET Retro 29 Anti-PD-(L)1 1+ 7.4% 2.5 mo 20.3 mo

ALK Monotherapy

IMMUNOTARGET Retro 19 Anti-PD-(L)1 1+ 0% 2.5 mo 17.0 mo

(Continued)
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Oncogene Study name Phase Sample (n) Treatment Line ORR mPFS mOS

Bylicki et al. Retro 8 Anti-PD-(L)1 2+ 25% 2.4 mo 19.2 mo

Combination therapy

CheckMate 370 I/II 13 Nivolumab + crizotinib 1 38% N/A N/A

JAVELIN Lung 
101

Ib 40 Avelumab + crizotinib (A + C) 
versus avelumab + lorlatinib 
(A + L)

2+ A + C: 
16.7%
A + L: 
46.4%

N/A N/A

NCT02393625 I 36 Nivolumab + ceritinib 1+ Nivo 
3 mg/kg: 
83%/63% 
(TKI naïve/
treated)
Nivo 
300 mg: 
70%/33%

N/A N/A

NCT02013219 Ib 21 Atezolizumab + alectinib 1 81% 21.7 mo N/A

RET Guisier et al. Retro 9 Anti-PD-(L)1 2+ 37.5% 7.6 mo N/A

IMMUNOTARGET Retro 16 Anti-PD-(L)1 1+ 6.3% 2.1 mo 21.3 mo

MET Guisier et al. Retro 30 Anti-PD-(L)1 2+ 35.7% 4.9 mo 13.4 mo

Sabari et al. Retro 24 Anti-PD-(L)1 + Anti-CTLA-4 1+ 17% 1.9 mo N/A

  IMMUNOTARGET Retro 23 Anti-PD-(L)1 1+ 15.6% METex14: 
4.7 mo

METex14: 
25.0 mo

ROS1 Bylicki et al. Retro 1 Anti-PD-(L)1 2+ N/A 1.4 mo 2.8 mo

  IMMUNOTARGET Retro 7 Anti-PD-(L)1 1+ 16.7%  

BRAF 
V600E

Zhang et al. Retro 6 Anti-PD-(L)1 1+ N/A N/A 5.0 mo

Dudnik et al. Retro 21 Anti-PD-(L)1 1+ 25% 3.7 mo NR

Negrao et al. Retro 37 Anti-PD-(L)1 1+ N/A 9.8 mo 20.8 mo

  IMMUNOTARGET Retro 17 Anti-PD-(L)1 1+ 24.3% 1.8 mo 8.2 mo

KRAS G12C KEYNOTE 042 Retro 29 Pembrolizumab 1 56.7% 12.0 mo 28.0 mo

KEYNOTE 189 Retro 37 Pembrolizumab + chemo 1 50.0% 11.0 mo 18.0 mo

Negrao et al. Retro 30 Anti-PD-(L)1 1+ N/A 2.7 mo N/A

  IMMUNOTARGET Retro 100 Anti-PD-(L)1 1+ 26.0% 5.5 mo 15.6 mo

KRAS Huang et al. Meta 121 Anti-PD-(L)1 versus chemo 1+ N/A N/A HR: 0.60 
(0.39–0.93)

ABCP, atezolizumab + bevacizumab + chemotherapy; ACP, Atezo + chemotherapy; BCP, bevacizumab + chemotherapy; d, days; ICIs, immune 
checkpoint inhibitors; HR, hazard ratio; mo, months; mOS, median overall survival; mPFS, median progression-free survival; NSCLC, non-small-
cell lung cancer; ORR, overall response rate; PD-L1, programmed death ligand-1; TKI, tyrosine kinase inhibitor.

Table 1.  (Continued)

https://journals.sagepub.com/home/tam


NI Vokes, K Pan et al. 

journals.sagepub.com/home/tam	 5

Combination chemoimmunotherapies for EGFR 
classical mutations.  The benefit of adding of ICI 
to chemotherapy in EGFR-mutant NSCLC is 
also unclear. In the phase I CheckMate 012 trial 
evaluating nivolumab in combination with che-
motherapy, EGFR mutation status was associated 
with shorter mPFS [4.8 (95% CI: 0.9–6.8) 
months versus 7.4 (95% CI: 0.1–28.9) months] 
and OS [20.5 (9.4–35.0) versus 24.5 (6.2–35.1) 
months] compared to EGFR-WT tumors.22,23 
Recently, two retrospective analyses compared 
combination chemoimmunotherapy to chemo-
therapy without ICI in TKI-resistant EGFR-
mutant NSCLC patients, and both showed no 
significant from adding ICI in this setting. In one 
study, the PFS was 5.3 months (chemo-ICI) ver-
sus 4.8 months (chemotherapy, p = 0.8)24 and in 
the other, 5.2 versus 5.0 months (p = 0.13).25

Conversely, the addition of chemotherapy with a 
VEGF inhibitor has shown more potential. In the 
phase III IMpower 150 trial, the addition of ate-
zolizumab to bevacizumab and chemotherapy 
(ABCP) as first-line treatment of non-squamous 
NSCLC demonstrated an OS benefit across all 
patients, including the EGFR-mutant subgroup. 
In the dedicated subgroup analysis for patients with 

EGFR-mutations (124 with EGFR mutations, 91 
with sensitizing mutations), OS and PFS were 
improved with ABCP versus BCP (OS HR: 0.31 
[0.23–0.75]; PFS HR: 0.41 [0.23–0.75]). ORR 
was 73.5% among those receiving ABCP, com-
pared to 40.9% among those receiving bevaci-
zumab and chemotherapy (BCP). Furthermore, 
mPFS was 10.2 months in the ABCP group, com-
pared to 7.1 months in the BCP group.26

The phase III ORIENT-31 trial evaluated anti-
PD1 sintilimab in combination with chemother-
apy, with or without the VEGF-inhibitor IBI305 
versus chemotherapy alone in patients with locally 
advanced or metastatic NSCLC and EGFR-
mutant disease that progressed on EGFR TKI. 
Significantly longer mPFS of 6.9 months was 
observed in the group receiving sintilimab plus 
IBI305 plus chemotherapy, versus 4.3 months in 
those receiving chemotherapy alone [HR 0.46 
(95% CI 0.34–0.64), p < 0.0001],27 though infer-
ences regarding the specific benefit attributable to 
ICI are limited by the use of chemotherapy rather 
than chemotherapy plus VEGF as the control 
arm. More data are needed to determine whether 
VEGF inhibitors truly modulate ICI sensitivity in 
EGFR-mutated tumors.

Figure 1.  ICI monotherapy ORR and mPFS in NSCLC by driver oncogenes.
*Bars reflect overall ORR (blue) and mPFS (green) demonstrated in retrospective IMMUNOTARGET study. **Vertical orange 
lines depict ORRs shown in other individual ICI monotherapy trials.
ICIs, immune checkpoint inhibitors; mPFS, median progression-free survival; NSCLC, non-small-cell lung cancer; ORR, 
overall response rate.
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EGFR exon 20 insertion mutation
EGFR exon 20 insertion (EGFRex20) mutations 
make up 2–3% of all NSCLC and are associated 
with poor prognosis due to their resistance to 
classical EGFR TKIs, with response rates to erlo-
tinib, gefitinib, and afatinib ranging from 3% to 
8%. Of note, structurally similar exon 20 inser-
tion mutations are also found in HER2 and make 
up 90% of HER2 mutations.28 To date, the FDA 
has approved two drugs, amivantamab and mob-
ocertinib, for the treatment of EGFRex20-
mutated NSCLC,29,30 and poziotinib has also 
shown efficacy.31 While not always explicitly 
excluded from clinical trials, little data exist on 
the efficacy of ICIs in EGFRex20-mutant 
NSCLC. However, a retrospective study did 
demonstrate improved ORR (71% versus 35.7%, 
p = 0.14) and PFS (256 versus 50 days, p = 0.003) 
in ICI-treated patients with uncommon EGFR 
mutations, including exon 18 G719X and exon 
20 insertion versus common EGFR mutations.32 
Further larger studies would be needed to eluci-
date the role of ICI in EGFRex20-mutant 
NSCLC, and whether that truly differs from clas-
sical EGFR-mutant NSCLC.

HER2 mutations
HER2 mutations occur in about 3% of lung can-
cers, and trastuzumab–deruxtecan was recently 
approved as a targeted therapy for HER2-mutant 
NSCLC based on results from the DESTINY-
Lung02 trial.33 HER2 (ERBB2) and EGFR 
(ERBB1) are receptors within the same family of 
receptor tyrosine kinases and are mutated in simi-
lar patient populations (female never smokers),34 
suggesting that these subtypes of NSCLC may 
also share comparably low ICI response rates.28 A 
retrospective study that evaluated nivolumab and 
pembrolizumab in 23 patients with HER2-
mutated NSCLC revealed an ORR of 27.3%, 
mPFS of 2.2 months (95% CI: 1.7–15.2), and 
mOS of 20.4 months (95% CI: 9.3–NR). In this 
study, PFS and OS among HER2-mutated 
NSCLC treated with ICI were shorter than those 
with other oncogene drivers, such as BRAF, 
MET, and RET.35 PD-L1 status of most study 
participants was unknown. Another retrospective 
study showed worse outcomes among 26 HER2-
mutated NSCLC patients treated with ICI than 
non-driver NSCLC, with ORR 12% (95% CI: 
3–30%), mPFS 1.9 months (95% CI: 1.5–4.0), 
and mOS 10.4 months (95% CI: 5.9–NR).36 
PD-L1 expression was also low, with PD-L1 
expression <1% in 77% of the patients analyzed. 

The retrospective IMMUNOTARGET study 
included 29 patients with HER2-mutated 
NSCLC and showed a mPFS of 2.5 months (95% 
CI: 1.8–3.5). PFS among this population was 
found to correlate with smoking (3.4 months for 
smokers versus 2.0 months for non-smokers, 
p = 0.04).21

Anaplastic lymphoma kinase rearrangement
NSCLC with ALK-fusion rearrangements were 
evaluated with EGFR alterations in early ICI 
clinical trials, with comparably low efficacy 
rates.21,37 A large retrospective study showed 0% 
response in 19 patients with ALK-fusion NSCLC 
treated with single agent ICI. Progressive disease 
was seen in 68% of the patients, and mPFS was 
2.5 months (95% CI: 1.5–3.7).21 Another retro-
spective study showed an ORR of 25%, mPFS of 
2.4 months (95% CI: 2.1–NR), and mOS of 
19.2 months (13.2–NR) among 8 ICI-treated 
patients with ALK-fusion NSCLC who were pre-
viously treated with chemotherapy or targeted 
therapy.38

ALK TKIs such as crizotinib, ceritinib, and alec-
tinib have been established as first-line treatments 
for ALK-fusion NSCLC, and the addition of 
immunotherapy to those have been explored. 
Adding nivolumab to crizotinib in the first-line 
treatment of ALK-fusion NSCLC was evaluated 
in phase I/II study CheckMate 370; however, the 
trials were discontinued due to severe grade ⩾3 
hepatic toxicities among 38% of study partici-
pants, two of whom subsequently died. Among 
the 13 patients, partial response was seen in 
38%,39 which is lower than with crizotinib alone; 
while efficacy was likely blunted by the observed 
toxicities, there was little evidence for additional 
benefit from including ICIs.

Other combinations showed more tolerable toxic-
ity profiles but little convincing evidence of addi-
tive or synergistic benefit. The phase Ib JAVELIN 
Lung 101 trial assessed avelumab in combination 
with lorlatinib in ALK-fusion NSCLC patients 
who progressed after chemotherapy, yielding an 
ORR of 46.4% (95% CI, 27.5–66.1),40 compara-
ble to lorlatinib alone. Nivolumab in combination 
with ceritinib was shown to be effective in a phase 
I dose escalation study (NCT02393625), with an 
ORR of 63% (95% CI: 25–92%) among ALK 
TKI-treated patients and ORR 83% (95% CI: 
36–100%) among ALK TKI-naïve patients.41 
Alectinib has demonstrated both systemic and 
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CNS efficacy in ALK-fusion NSCLC, and a 
phase Ib study evaluated the addition of atezoli-
zumab to alectinib in treatment-naïve patients, 
including those with untreated asymptomatic 
brain metastases. This combination demon-
strated an ORR of 81% (95% CI: 58.1–94.6), 
mPFS of 21.7 months (95% CI: 10.3–21.7), and 
mDoR of 20.3 months (95% CI: 11.5–20.3), with 
62% of patients experiencing grade 3 adverse 
events (AEs).42 However, it is unclear how much 
efficacy is due to the addition of ICI rather than 
arising from the TKI alone, and toxicity rates 
were higher.

In the IMpower150 trial, improved survival was 
observed for patients receiving atezolizumab plus 
bevacizumab and chemotherapy (ABCP) includ-
ing 28 patients with ALK translocations. Among 
patients with EGFR mutations or ALK fusion, 
PFS was 9.7 months in the ABCP group, com-
pared to 6.1 months in the BCP group [HR 0.59 
(95% CI: 0.37–0.94)].26

RET, ROS1, and NTRK rearrangement
There are scant data assessing the response to 
immunotherapy among NSCLC patients harbor-
ing rare translocations, such as RET, ROS1, or 
NTRK. A retrospective study evaluated nine 
patients with RET-translocated NSCLC treated 
with nivolumab or pembrolizumab in the second 
line and beyond, and found an ORR of 37.5% 
and mPFS of 7.6 months (95% CI: 2.3–NR).43 
Another retrospective study by Mazieres et  al. 
showed an ORR of 25% and mPFS of 2.1 months 
(95% CI: 1.3–4.7) among 16 patients with RET-
rearranged NSCLC who received single-agent 
anti-PD1/PD-L1 therapy.21 For ROS1-
rearranged lung cancer patients, one retrospec-
tive, multicenter study included only one patient 
with ROS1-translocated NSCLC treated with 
ICI that progressed on targeted treatment and 
chemotherapy. A PFS of 1.4 months and an OS 
of 2.8 months were observed.38

MET exon 14 skipping mutation
MET TKIs have demonstrated durable responses 
in patients with advanced MET exon 14-altered 
(METex14) NSCLC and achieved their first reg-
ulatory approval in 2020. In contrast to the other 
driver alterations discussed above, METex14 can 
occur in patients with smoking history and a sub-
set of METex14 tumors have moderate to high 
PD-L1 expression. Despite this, a study by Sabari 

et al. showed an ORR of 17% (95% CI 6-36%) 
and mPFS of 1.9 months (95% CI: 1.7–2.7) in 
patients with advanced METex14 NSCLC 
treated with single-agent anti-PD-1/PD-L1 ther-
apy or combination anti-PD-1 and anti-CTLA-4 
therapy. No association was found between 
PD-L1 expression and tumor mutational burden 
(TMB; p = 0.0069), and survival outcomes did 
not improve among those with high PD-L1 
(⩾50%) or high-TMB tumors.44 This relatively 
low response was further validated by two sepa-
rate retrospective analyses. One study included 
30 patients with MET-mutated metastatic 
NSCLC treated with single-agent nivolumab or 
pembrolizumab and showed an ORR of 36%, a 
mPFS of 4.9 months (2.0–11.4) and a mOS of 
13.4 months (9.4–NR). It is worth noting that at 
least 37% of patients in this study had PD-L1 
expression >50%, and that ICI was used in the 
first- and second-line setting for most participants 
in this study.35 In IMMUNOTARGET analysis, 
the METex14 subgroup (n = 23) had an ORR of 
15.6% and a PFS of 4.7 months.21 Taken together, 
these data suggest that METex14 tumors had 
some more clinical benefit than EGFR/HER2-
mutant or ALK/ROS1/RET-fusion lung cancers, 
but still overall diminished response to ICI thera-
pies compared to WT patients.

BRAF V600E mutation
Like METex14 alterations, BRAF alterations can 
occur in different patient populations than the 
classical EGFR, HER2, and fusions, and BRAF-
directed therapies are approved in NSCLC only 
after first-line systemic chemoimmunotherapy. 
To elucidate the role of ICIs in BRAF-mutated 
NSLC, Zhang et al. conducted a study evaluating 
survival outcomes among patients with WT versus 
mutant-BRAF NSCLC treated with ICI. Patients 
with WT BRAF were shown to have higher 
PD-L1 expression compared with those with 
BRAF-mutated NSCLC. While ICI demon-
strated no survival difference between patient 
with WT BRAF versus BRAF-mutated NSCLC 
(OS of 11 versus 10 months; p = 0.334), subgroup 
analyses revealed a survival benefit among 
patients with BRAF V600E compared with the 
non-V600E group (OS of 14 versus 5 months, 
p = 0.017). Mutant-BRAF NSCLC was also asso-
ciated with high TMB compared with WT BRAF 
(p = 0.009).45

Another retrospective study confirmed the find-
ings of higher TMB and PD-L1 expression among 
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patients with BRAF-mutant NSCLC. Median 
PFS in those with BRAF V600E versus BRAF 
non-V600E mutations treated with ICIs were 
comparable [3.7 months (95% CI: 1.6–6.6) versus 
4.1 months (95% CI: 0.1–19.6)], respectively.46 
However, this study did not include WT BRAF 
NSCLC treated with ICIs as a control group. 
Another retrospective analysis also found the 
longest PFS and OS among NSCLC with BRAF 
mutation compared with other driver oncogenes 
(such as EGFR, HER2, KRAS). PFS and OS 
were numerically improved in BRAF V600E ver-
sus non-V600E but did not reach statistical differ-
ence (PFS 9.8 versus 5.4 months; OS 20.8 versus 
14.9 months).47

KRAS G12C mutation
KRAS mutations are the most common onco-
genic driver alteration in lung adenocarcinoma in 
western populations, and until the recent advent 
of direct KRAS G12C inhibitors,48,49 patients 
with KRAS-mutant NSCLC were treated with 
standard ICIs and/or chemotherapy. Even with 
the recent accelerated approval of sotorasib and 
adagrasib, the first-line treatment remains ICIs 
with or without platinum doublet chemotherapy. 
Like BRAF alterations, KRAS mutations, and in 
particular transversion KRAS mutations (e.g. 
KRAS G12C and G12V), frequently occur in 
patients with smoke exposure,50–52 and oncogenic 
RAS signaling has been implicated in increased 
PD-L1 expression, increased CD8+ T cell infil-
tration, and higher TMB, all associated with an 
increased likelihood of benefit to ICIs,53,54 though 
the association with increased PD-L1 expression 
is conflicting.55,56

Concordant with these molecular features, and in 
contrast to the other driver mutants discussed 
thus far, clinical trial data have generally demon-
strated that patients with KRAS mutations bene-
fit from ICI as much or more than WT patients.57 
A planned subgroup analysis of patients treated 
with second- or later-line nivolumab on 
CheckMate 057 demonstrated a non-significant 
trend toward improved outcomes in patients with 
KRAS mutations.58 A retrospective analysis of 
first-line pembrolizumab versus chemotherapy in 
KEYNOTE-042 similarly demonstrated 
improved outcomes in KRAS-mutant NSCLC, 
with improved ORR, PFS, and OS from pem-
brolizumab versus chemotherapy in KRAS-
mutant patients that was not seen in the WT 
patients [ORR: KRAS-mutant 56.7% (95% CI: 

37.4–74.5) versus WT 29.1% (95% CI: 21.4–
37.9); PFS: KRAS-mutant 12 versus 6 months; 
HR: 0.51 (95% CI: 0.29–0.87) versus WT 6 ver-
sus 6 months; HR: 1.00 (95% CI: 0.75–1.34); 
KRAS-mutant 28 versus 11 months; HR 0.42; 
95% CI: 0.22–0.81 versus WT 15 versus 
12 months; HR: 0.86; 95% CI: 0.63–1.18].59 A 
meta-analysis of five randomized trials demon-
strated that patients with KRAS mutations bene-
fitted from ICIs compared to chemotherapy, with 
a pooled HR of 0.60 (95% CI: 0.39–0.93, 
p = 0.02), while no survival benefit was seen in the 
KRAS-WT subgroup.60

Retrospective real-world data have not as consist-
ently shown improved outcomes in KRAS-mutant 
patients relative to WT, but outcomes have been 
at least comparable. Analysis of patients treated 
with second-line nivolumab through the Italian 
Expanded Access Program (n = 530) did not dem-
onstrate differential benefit in KRAS mutant ver-
sus WT patients (ORR 20% versus 17%, p = 0.39; 
PFS 4 versus 3 months, p = 0.50; OS 11.2 versus 
10 months, 0 = 0.80).61 A retrospective cohort of 
282 patients from a single center in France treated 
with ICIs across lines showed no significant differ-
ences in ORR, OS, or PFS in patients with KRAS 
mutations versus WT, nor were there any differ-
ences between KRAS-mutant subtypes.62 The 
authors did observe, however, that response rates 
were more consistently linked to high PD-L1 
expression (⩾50%) in the KRAS-mutated patients 
compared to others. Conversely, a retrospective 
analysis of patients with PD-L1 > 50% from the 
Flatiron database (n = 573 KRAS-mutant, n = 554 
KRAS-WT) demonstrated improved outcomes in 
KRAS-mutant patients compared to WT in 
patients treated with monotherapy (mOS 21.1 
versus 13.6 months, p = 0.03) but not among those 
treated with chemoimmunotherapy (KRAS-
mutant versus KRAS-WT, mOS 20.0 versus 19.3, 
p = 0.93).63 Though not statistically significant, 
patients with KRAS alterations benefitted from 
either ICI or chemoimmunotherapy, whereas 
those without KRAS alterations trended toward 
benefit from combination therapy over ICI 
monotherapy.

Other analyses demonstrate comparable out-
comes in KRAS-mutant versus WT patient treated 
with combination chemoimmunotherapy. A ret-
rospective analysis of KEYNOTE-189 trial evalu-
ating pembrolizumab versus placebo in 
combination with chemotherapy in non-squa-
mous NSCLC did not find any differential 
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benefit with the addition of ICI to chemotherapy 
in patients with KRAS mutations compared to 
those without; notably, patients with both KRAS 
mutant and WT tumors appeared to benefit from 
combination chemoimmunotherapy compared to 
chemotherapy alone, though the OS benefit in 
KRAS mutant tumors did not reach statistical 
significance (KRAS-WT HR 0.55, 95%: CI 
0.37–0.81; KRAS-mutant HR 0.79, 95% CI: 
0.45–1.38).64 A pooled analysis from the FDA of 
12 registrational clinical trials of ICI monother-
apy or chemoimmunotherapy (n = 1430, 39% 
KRAS-mutated, 61% WT) demonstrated similar 
outcomes in patients with and without KRAS 
mutations, both when treated with ICI mono-
therapy or with ICI + chemotherapy.65 Both 
KRAS-mutant and KRAS-WT patients had 
higher ORR and median OS when treated with 
chemo plus ICI versus ICI alone.

Recent data have also evaluated the safety and 
efficacy of combining KRAS inhibitors with ICI. 
CodeBreak 100/101 evaluated the combination 
of sotorasib with pembrolizumab or atezlizumab 
and demonstrated a higher incidence of grade 3–4 
AEs, specifically liver enzyme elevations, which 
occurred in 43% of patients. Response rates were 
29% which is comparable to or lower than mono-
therapy.66 In contract, adagrasib combined with 
pembrolizumab demonstrated fewer safety 
events, with only grade 3 increases in liver 
enzymes occurring in 9% of patients. ORR was 
49% in KRYSTAL-7 (26 of 53) and 57% (4 of 7) 
in the KRYSTAL-1 phase Ib cohort.67

Taken together, these data suggest that patients 
with driver alterations in EGFR, HER2, and fusion 
alterations (ALK, ROS1, RET, NTRK) rarely 
derive benefit from ICIs even when PD-L1 expres-
sion is high. Patients with MET and BRAF altera-
tions have higher rates of efficacy that are 
nonetheless decreased compared to the WT popu-
lation, which may correspond with increased 
tobacco and other immunogenic mutagen expo-
sure in this patient population. Conversely, the 
overall population of patients with KRAS muta-
tions appear to have a likelihood of benefit compa-
rable to the driver negative population, and putative 
biomarkers such as high PD-L1 expression, high 
TMB, and smoking history appear to be more pre-
dictive in the KRAS population than with other 
driver oncogenes. There does appear to be more 
heterogeneity of ICI outcome in KRAS-mutant 
lung cancers, which may reflect distinct biologies 
within KRAS-altered NSCLC. Accumulating data 

have demonstrated that KRAS mutant NSCLC 
can be divided into biologically distinct subgroups 
defined by co-mutations in TP53 (KP), LKB1/
STK11 and KEAP1 (KL), and CDKN2A/B (KC), 
with distinct biology and clinical outcomes.68–70 
STK11 co-mutations may promote a cold tumor 
microenvironment with increased T-cell suppres-
sive neutrophils and markers of T-cell exhaus-
tion,70–72 and KEAP1 may associate with decreased 
sensitivity to both chemotherapy and anti-PD1 
therapy. Concordantly, increasing data have also 
demonstrated worse ICI outcomes in patients with 
KRAS and STK11 co-mutations, including worse 
ORR (KRAS/STK11 7.4% versus KRAS-mutant/
STK11-WT 31.9%, p < 0.001), PFS and OS (PFS: 
1.8 versus 2.7 months; HR: 1.87; 95% CI: 1.32–
2.66; p < 0.001; OS: 6.4 versus 16.0 months; HR: 
1.99; 95% CI: 1.29–3.06; p = 0.0015).73 Analysis of 
patients treated with chemotherapy and immuno-
therapy also demonstrated worse ORR in STK11-
mutated patients (mPFS 4.8 versus 7.2 months, 
HR: 1.58, 95% CI: 1.1–2.0; p = 0.0063) and shorter 
OS (mOS 10.6 versus 16.7 months, HR: 1.58, 95% 
CI: 1.09–2.27; p = 0.0083), with no benefit from 
the addition of pembrolizumab to chemotherapy.74 
Analyses in larger, multi-center retrospective 
cohorts also demonstrated worse clinical outcomes 
to ICI in patients with either STK11 and KEAP1 
mutations, but this decrement was more specific to 
patients with KRAS co-mutations.75

Conversely, the presence of TP53 co-mutations 
may increase the likelihood of ICI benefit. KRAS/
TP53 co-mutated tumors have higher PD-L1 
expression76,77 and higher TMB,70,71 possibly 
independent of the KRAS mutation, and small 
clinical case series have demonstrated improved 
ICI outcomes in KRAS/TP53 co-mutated 
tumors.78,79 Indeed, one small series demon-
strated that, while patients with KRAS/STK11 
co-mutations had poor outcomes as expected, 
patients with KRAS/STK11/TP53 co-mutations 
had improved outcomes (PFS 2.4 months versus 
13 months; OS 7.1 months versus 22 months).80

Taken together, the association between KRAS 
mutations and ICI outcomes is complex, likely 
shaped by diverse associations with PD-L1 
expression, tumor immune reprogramming, and 
smoking, along with independent biologic and 
prognostic effects from other co-mutations. This 
diversity may undergird the mixed clinical results, 
and more work will need to be done to disentan-
gle the effects of these different alterations on 
tumor biology and ICI efficacy. However, most 
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evidence suggests that patients with KRAS-
mutated patients may benefit from ICIs, and 
KRAS-directed TKIs remain approved only in 
the second-line setting after a trial of immuno-
therapy with or without chemotherapy.

ICI after radiotherapy for oncogene-driven 
NSCLC
The role of adjuvant ICI following radiation ther-
apy (RT) in oncogene-driven NSCLC is limited. 
While the PACIFIC trial has been practice-
changing for the management of unresectable 
stage III NSCLC with the addition of durvalumab 
following chemoradiation, the survival benefit did 
not extend to the EGFR-mutant NSCLC sub-
group. Among a post-hoc subgroup analysis of 35 
patients with EGFR-mutant NSCLC from the 
PACIFIC trial, median PFS with adjuvant dur-
valumab did not differ from placebo (11.2 versus 
10.9 months, respectively; HR: 0.91), nor did OS 
(46.8 versus 43.0 months; HR 1.02).81 Similarly, 
consolidation durvalumab after chemoradiation 
has not shown to be efficacious in HER2-mutant 
stage III NSCLC in a small retrospective analysis, 
with shorter disease-free survival among patients 
with HER2/EGFR mutations versus WT 
(7.5 months versus NR, p = 0.04).82 An institu-
tional analysis at MD Anderson also showed sig-
nificantly shorter PFS after chemoradiation and 
consolidative durvalumab among patients with 
oncogene-driven stage III unresectable NSCLC 
compared to those without driver mutations 
[mPFS 8.4 versus 40.1 months (HR: 2.75; 95% 
CI: 1.64–4.62)]. Specifically, KRAS-mutant 
NSCLC was associated with worse PFS (HR: 
5.79; 95% CI: 2.69–12.47).83 Due to the limited 
sample size and stage of disease analyzed, the 
benefit of ICI following RT in the oncogene-
driven population remains unclear to date.

Toxicity
While ICIs offer antineoplastic benefits in 
NSCLC, they also come with various immune-
related AEs (irAEs) which can limit their use in 
certain patients. Most irAEs are mild and self-
limiting; however, severe cases can occur and can 
be life threatening. IrAEs include colitis, pancrea-
titis, hepatotoxicity, inflammatory arthritis, der-
matitis or rash, pyrexia, endocrine toxicities such 
as thyroid and pituitary dysfunction, and pulmo-
nary toxicities including pneumonitis and inter-
stitial lung disease (ILD).84 While some irAEs 
such as diarrhea and rash can be proactively 

managed, more serious, higher grade irAEs such 
as colitis, pneumonitis, and hepatotoxicity may 
prompt treatment discontinuation. These irAEs 
of ICIs often overlap with the AEs of TKIs and 
other targeted therapies commonly used in 
NSCLC.

Pulmonary toxicity
The combination of TKIs with ICIs has shown 
high rates of pulmonary toxicities, especially ILD/
pneumonitis, in particular with EGFR and ALK 
inhibitor combinations. The phase Ib TATTON 
trial that evaluated osimertinib combined with 
durvalumab in 23 patients with EGFR-mutant 
NSCLC demonstrated a 22% rate of ILD, and 
recruitment to the phase III CAURAL trial was 
suspended. Osimertinib was discontinued in 26% 
of patients due to AEs, and 39% discontinued 
durvalumab due to AEs. The most common AEs 
were rash (48%), vomiting (43%), and diarrhea 
(39%), with 48% having grade 3 and above AE.85 
In addition, one patient had grade 3 neutropenia 
and one with grade 2 abnormal liver enzymes. A 
retrospective study evaluating the use of 
nivolumab with EGFR-TKIs found a higher rate 
of interstitial pneumonitis (25.7%, 95% CI: 
16.0–37.6) than with EGFR-TKI monotherapy 
(4.59%; 95% CI: 4.06–5.16).86

Even sequential use of ICI followed by osimerti-
nib demonstrated high risk of ILD/pneumonitis. 
A study by Schoenfeld et al. assessed severe irAEs 
among patients receiving sequential PD-(L)1 
blockade followed by osimertinib, most of which 
were grade 3 pneumonitis (66.7%). Among 41 
patients treated with ICI followed by osimertinib, 
15% developed irAEs, especially in those who 
began osimertinib within 3 months of prior ICI 
(24%). This was less pronounced in those who 
began osimertinib within 3–12 months of prior 
ICI (13%) and within >12 months of ICI (0%). 
Hence, timing of therapy is a strong determinant 
of irAE risk. No severe irAEs were observed 
among patients receiving ICI followed by afatinib 
or erlotinib.87 A mechanistic study showed osi-
mertinib led to severe lung injury more frequently 
than gefitinib due to increased proinflammatory 
cytokines,88 suggesting this association may be 
particularly pronounced with osimertinib.

Newer antibody-based therapies, such as amivan-
tamab and trastuzumab deruxtecan, carry inde-
pendent risks of ILD. The DESTINY-Lung01 
trial reports a 26% rate of ILD/ pneumonitis with 
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trastuzumab deruxtecan 6.4 mg/kg every 3 weeks 
dosing. However, a pooled analysis that evaluated 
trastuzumab deruxtecan in 1150 heavily pre-
treated patients with lung and breast cancer dem-
onstrated a 15.4% rate of ILD, with 2.2% grade 5 
irAE from ILD.33 Thus, the most recent 
DESTINY-Lung02 trial investigating the 5.4 mg/
kg dosing required no current history of ILD, sus-
pected ILD or pneumonectomy in eligible partici-
pants. In the phase I CHRYSALIS trial evaluating 
amivantamab in EGFRex20 mutated NSCLC, 
ILD including pneumonitis was observed in 4% of 
patients.30 Thus, certain new targeted therapies 
should be used with caution in lung cancer patients 
with ILD or suspected ILD, and the optimal and 
safest sequencing of these drugs with respect to 
ICIs will need to be evaluated. Currently, while 
trastuzumab deruxtecan is approved in the sec-
ond-line setting after standard first-line systemic 
therapy, many providers will hold first-line ICI 
due low efficacy rates and the risk of developing 
pneumonitis and thereby preventing second-line 
use of trastuzumab deruxtecan.

Hepatotoxicity
Hepatotoxicity is common, occurring in 16% of 
patients receiving ICIs and is often asymptomatic. 
Other than treating with steroids, society guide-
lines recommend holding ICI in grade 2 immune-
mediated hepatotoxicity (IMH) and permanently 
discontinuing ICI in grade 3 and above IMH.89

Crizotinib after ICI has been associated with 
increased hepatotoxicity in patients with ALK-
fusion NSCLC. Among 11 patients treated with 
ICI followed by crizotinib, 45.5% developed 
grade 3 or 4 increase in alanine transaminase 
(ALT) level and 36.4% experienced grade 3 or 4 
increase in aspartate transaminase (AST) level, 
though toxicity was reversible.90 In contrast, only 
8.1% and 3.4% of those treated with crizotinib 
alone experienced grade 3 or 4 increase in ALT 
and AST, respectively (p < 0.0001). Similarly, 5 
of 13 (38%) patients with ALK-fusion NSCLC 
treated with nivolumab plus crizotinib in the 
phase I/II CheckMate 370 trial developed grade 3 
or higher hepatic toxicities that led to the discon-
tinuation of therapy. Hepatotoxicity was thought 
to have contributed to the death of two patients.39 
These toxicities were not as pronounced with 
other ALK inhibitors.

The concurrent use of durvalumab and gefitinib 
in a phase I study (NCT02088112) led to grade 

3–4 elevated liver enzymes in 35% of patients, 
resulting in drug discontinuation. The combina-
tion led to greater toxicity than each individual 
agent without significant improvement in PFS.91 
Another phase Ib study evaluated atezolizumab 
plus erlotinib in patients with NSCLC. While the 
ORR was promising at 75% (95% CI: 51–91%), 
grade 3–4 AEs occurred in 39% of patients, with 
the most common being pyrexia (18%) and ele-
vated ALT (18%).92

The phase I/II KEYNOTE 021 study evaluated 
the use of pembrolizumab in combination with 
erlotinib or gefitinib as first-line treatment for 
EGFR-mutant NSCLC. Among seven patients 
treated with pembrolizumab plus gefitinib, 71.4% 
had grade 3–4 liver toxicity, deeming this combi-
nation unfeasible. While pembrolizumab plus 
erlotinib demonstrated a manageable safety pro-
file, with rash (50%), diarrhea (33.3%), and 
hypothyroidism (33.3%) being the most common 
AEs, its ORR of 41.7% is worse than historical 
controls with single-agent erlotinib.93

Recently, a phase Ib trial evaluating the combina-
tion of sotorasib with pembrolizumab or atezoli-
zumab in advanced KRAS G12C-mutated 
NSCLC observed grade 3–4 hepatotoxicity in 
43% of patients, significantly higher than previ-
ously observed with monotherapy.66

Taken together, these data suggest higher inci-
dence of irAEs in the context of targeted therapy 
given with ICIs. Notably, in many cases, these 
toxicities seem more pronounced with certain 
drugs, suggesting an interaction between ICI and 
the drug-specific mechanisms of toxicities that 
would allow different combinations to be 
explored. However, despite this specificity, the 
incidence of higher grade toxicities on the whole 
appears to be higher, without any evidence to-
date of improved outcomes from combination 
rather than sequential therapy. More data will be 
necessary to identify safe combination approaches 
that enhance clinical outcomes.

Mechanisms for low response rates and 
possible strategies to improve benefit
Taken together, the data suggest that patients 
with driver alterations in EGFR, HER2, and the 
fusion alterations (ALK, ROS1, RET, and others) 
do not receive comparable benefit from ICIs as do 
patients without these driver alterations, and even 
those alterations that can occur in smokers, 
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specifically METex14 and BRAF, may have a 
lower rates of response and PFS. Understanding 
the mechanisms of low antitumor immunity and 
identifying strategies to overcome this phenotype 
has thus become an urgent unmet clinical need. 
Here we discuss some of the hypotheses to-date 
for low ICI efficacy in these specific drivers, and 
the therapeutic strategies that have been trialed.

Differential PD-L1 expression and outcome 
association
The association between driver alterations and 
PD-L1 expression is heterogeneous. Focusing 
specifically on EGFR mutations, a pooled analy-
sis of 15 clinical trials along with analyses of the 
TCGA and a cohort from the Guangdong Lung 
Cancer Institute demonstrated decreased PD-L1 
expression in EGFR-mutated tumors,37,94,95 while 
many other studies have demonstrated no associ-
ation between EGFR mutation status and 
PD-L1,96 or an association between EGFR muta-
tions and high PD-L1.11,97–99 Another meta-anal-
ysis by Lan et al. concluded that PD-L1 expression 
was lower in EGFR-mutated NSCLC than in 
EGFR-WT NSCLC (OR: 0.64; 95% CI: 0.45–
0.91; p = 0.014), but did show higher PD-L1 lev-
els in KRAS mutant lung cancers (OR: 1.45; 95% 
CI: 1.18–1.80; p = 0.001).100 Schoenfeld et  al. 
also found that KRAS-mutated NSCLC, along 
with TP53-mutation, correlated the most strongly 
with high PD-L1 expression, while STK11 and 
EGFR alterations were associated with low 
PD-L1 expression. Notably, PD-L1 expression 
was found to vary by the organ from which tissue 
was sampled, which may confound the use of 
PD-L1 as a predictor of ICI response.95 Other 
driver mutations are less well studied; in one 
series, RET-fusion tumors were found to have 
decreased PD-L1 expression (PD-L1 < 50% in 
81% of tumors) and decreased TMB, and PD-L1 
did not associate with response.101

Biologically, it may be that EGFR-mutated 
tumors are distinct from other tumors that are 
typically associated with smoking. A retrospective 
study suggested that low rates of CD8+ tumor 
infiltrating lymphocytes and concurrent PD-L1 
expression within the tumor microenvironment 
may explain the low ORRs of EGFR-mutant 
NSCLC to PD-1/L1 inhibitors.37 In addition, the 
predictive role of PD-L1 expression among 
NSCLC with EGFR mutation was unclear. In a 

study of patients with PD-L1 expression >50%, 
those with EGFR-mutant NSCLC were found to 
have significantly shorter OS than those with 
EGFR-WT tumor treated with pembrolizumab 
(mOS 6.5 versus 15.7 months). Among those with 
EGFR mutations, OS did not significantly differ 
based on PD-L1 expression.4 While another ret-
rospective study indicated that PD-L1 expression 
was associated with a significantly longer PFS 
among patients with EGFR-mutated NSCLC 
treated with ICI monotherapy, compared to those 
with negative PD-L1 expression (2.8 versus 
1.7 months, p = 0.01),21 it may be that PD-L1 is 
not as tightly linked to outcome as it is in patients 
without oncogenic driver alterations.

Conversely, smoking may be associated with 
response even in EGFR mutant tumors. In a 
study of non-squamous NSCLC patients treated 
with nivolumab, former and current smokers with 
demonstrated an ORR of 21.5% compared to 
9.2% in never-smokers (p = 0.0001). Among 
never-smokers, those with EGFR-WT NSCLC 
demonstrated an ORR of 11% versus 1.9% among 
EGFR-mutant subgroup (p = 0.04), though 
median OS and 12-month PFS were not signifi-
cantly different. However, among former and 
current smokers, ORR, DCR, PFS, and OS were 
not significantly different between those with 
EGFR-mutant versus WT tumors.58

Tumor mutational burden
While the association between driver alterations 
and PD-L1 is heterogeneous, the link between 
driver mutation status and TMB has been more 
conclusively established,102–105 with markedly 
lower TMBs in patients with EGFR, HER2, and 
fusion alterations compared to those with KRAS 
mutations or no detectable driver. One hypothe-
sis for low rates of response in these tumors, 
therefore, is that these tumors are less immuno-
genic due to lower neoantigen loads. It is also the 
case that many oncogenic driver alterations are 
known to be more prevalent in patients with min-
imal or no smoking exposure, and smoking is 
associated with both a higher TMB and with a 
higher likelihood of benefit to ICI.103,106,107 
Whether the association between TMB and out-
come reflects neoantigen load, or whether smok-
ing or other mutagenic processes themselves are 
important in generating an antitumor response, 
has not been fully established.
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Cold tumor microenvironment
Concordant with the hypothesis that driver-
mutated tumors are less immunogenic, histologic 
analyses have suggested that these tumors associ-
ate with less inflamed tumor immune microenvi-
ronments. EGFR-mutated tumors, for example, 
in addition to associating with likely lower PD-L1, 
were also associated with decreased CD8+ TIL 
infiltrate,37,94 as was a small series of ALK-positive 
specimens.37 A retrospective analysis of surgically 
resected NSCLC specimens demonstrated an 
immunologically inert phenotype in EGFR-
mutant lung cancers, with decreased cytotoxic 
T-cell infiltrate, low T-cell receptor clonality, and 
increased CD73/adenosine pathway signaling,102 
with a similar though underpowered immunopro-
file in tumors harboring other driver alterations. 
Increased immune suppression through CD73/
adenosine signaling was also concordantly 
observed in multiple EGFR-mutant NSCLC cell 
lines.108 EGFR alterations may have other 
immune effects as well,109 including effects on the 
activity of regulatory T cells (Tregs),110,111 and 
increased activation of myeloid-derived suppres-
sor cells after EGFR TKI therapy.112

Another distinct mechanism of immune suppres-
sion implicated in both EGFR and ALK-altered 
tumors is dysregulation of the Hippo pathway, 
which acts through the YAP protein and has 
crosstalk both with EGFR and ALK signal-
ing.113,114 In addition to its known role in cancer 
progression, drug resistance, and metastasis,115 
YAP may also inhibit antitumor immunity 
through negative regulation of the innate immune 
response,116 other tumor-associated immune 
cells,116–118 and regulation of PD-L1 protein 
expression.

Therapeutic strategies
Given the apparent primary resistance of many 
driver-mutated tumors to ICIs, strategies to 
enhance antitumor immunity in these tumors 
remains an important unmet clinical need, not 
least because targeted therapies do not regularly 
provide the long-term durable treatment 
responses that can be seen with immune-based 
therapies. To date, most efforts have relied on 
combining ICIs with other therapies. While there 
is ample theoretical evidence that chemotherapy, 
RT, or targeted therapies can enhance antitu-
moral immunity,119–122 as discussed above there 
are little data definitively demonstrating that this 
actually occurs, and in fact simulation 

experiments suggest that the improved 
ICI + chemotherapy response rates are largely 
due to non-overlapping treatment sensitivities.123 
The enhanced efficacy of chemotherapy + ICIs in 
driver-mutated patients is also difficult to assess 
because EGFR/ALK-altered patients were 
excluded from many of these later ICI trials. The 
PACIFIC trial evaluated the benefits of dur-
valumab given after definitive concurrent chemo-
radiation and demonstrated no benefit to 
durvalumab over placebo in EGFR-mutated 
patients, both in planned subgroup analyses and 
in subsequent real-world retrospective data-
sets.83,124–126 Other trials of combination chemo-
therapy with immunotherapy that include 
driver-mutated patients are ongoing 
(CHECKMATE 722, NCT02864251; 
KEYNOTE-789, NCT03515837).

The most convincing benefit occurred in the 
combination of chemotherapy with atezolizumab 
and bevacizumab (ABCP) versus chemother-
apy + bevacizumab (BCP) in the IMpower150 
trial, even in patients with EGFR and ALK alter-
ations.127 Specific evaluation of the role of bevaci-
zumab in this combination was not done, but the 
benefit observed in this trial compared to compa-
rable negative data in other trials that included 
patients with EGFR or ALK alterations treated 
with ICIs suggests that the VEGF inhibitor may 
have a differential therapeutic benefit, consistent 
with preclinical data demonstrating immunomod-
ulatory effects from VEGF inhibition.128–130 Other 
combination strategies, such as anti-PD-(L)1 
combined with CTLA-4 inhibitors, have not been 
evaluated specifically in EGFR/driver-mutated 
NSCLC, and other rational combinations, 
including IL-10 receptor agonists, YAP inhibi-
tors, and an anti-CD73 compound, remain under 
early-phase investigation.109

Conclusion
The development of targeted therapies and 
immunotherapies has revolutionized the treat-
ment landscape for NSCLC. It is increasingly 
important to understand when and how to use 
targeted therapy, immunotherapy, chemother-
apy, and RT alone or in combination, as each 
driver has its distinct pattern of response to each 
treatment categories. EGFR classical and exon 20 
mutations, HER2 mutations, and ALK/ROS1/
RET/NTRK-fusion lung cancers have overall low 
response rate and short PFS with ICI, either as 
monotherapy or given with chemotherapy. 
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METex14 skipping and BRAF-mutant lung can-
cer have relatively increased clinical benefit, but 
efficacy that is still less than the general popula-
tion of NSCLC patients. Patients with KRAS-
mutated lung cancer can have excellent responses 
to ICIs, but the clinical picture is heterogeneous, 
likely due in part to the effects of KRAS co-muta-
tions on outcome. Efforts to combine ICIs with 
targeted therapies have been hampered by higher 
rates of toxicity without evidence of enhanced 
benefit, though investigation of novel agents and 
combinations will be important. Future research 
and clinical investigation are still urgently needed 
to bring immunotherapy’s long-term benefit to 
different oncogene-driver lung cancer subgroups.
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