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Programmed Cell Death Protein-1 (PD-1) checkpoint 
immunotherapy is a relatively new systemic treatment 
modality for advanced non-small lung cancer (NSCLC) 
(1,2). To date, pembrolizumab, nivolumab and atezolizumab 
have been approved by the United States Food and Drug 
Administration for this indication either in the front-
line or relapsed setting. PD-1 checkpoint, an important 
immunosuppressive mechanism, is exploited by some 
tumors to evade immune surveillance. Therefore, by 
blocking of the PD-1 pathway, an effective immune 
response against the tumors can be mounted. Nevertheless, 
PD-1 blockade produces tumor responses in only 20–30% 
of NSCLC patients. The reason for this is not entirely 
understood. The presence of PD-L1 protein on tumor cells, 
while predictive of tumor response, is not a necessary factor. 
To date, several factors, ranging from clinical characteristics 
such as smoking status to molecular markers such as tumor 
mutational burden (TMB) or the presence/absence of some 
mutations, have been linked to tumor response following 
PD-1 blockade immunotherapy (3).

In a recent publication (4), the presence of KRAS or 
TP53 mutation has been proposed as another predictive 
factor. Dong and colleagues from Guangdong Lung 
Cancer Institute, China, analyzed public datasets and found 
KRAS and TP53 mutations to be positively associated 
with PD-L1 expression. The investigators also analyzed 
clinical data available from 54 patients treated with PD-1 
blockade immunotherapy, including 20 patients treated at 
their center. Of these, there were 11 patients with KRAS 
mutation (20.4%). It turned out that 10 out of these  

11 patients achieved a durable clinical benefit or partial 
tumor response (herein referred to as clinical benefit). 
Furthermore, there were 23 patients with TP53 mutation 
(42.6%); 12 out of 23 patients derived clinical benefit. 
Among the 6 patients who had both mutated KRAS and 
TP53 mutations, all experienced clinical benefit. To put 
this into perspective, KRAS mutation was the strongest 
predictor of clinical benefit in this study (Table 1), with odds 
ratio (OR) 33.0, followed by high TMB with OR 14.0. 
Although the study was somewhat limited by small sample 
size and missing data, KRAS mutation is clearly predictive 
of clinical benefit in this study. 

Nevertheless, an important limitation to this study is that 
it is not possible to demonstrate the predictive ability of 
KRAS mutation independently from TMB. This is because 
almost all patients with available data on TMB and with 
known KRAS mutation had a high TMB. In fact, there was 
only 1 patient with KRAS mutation and low TMB in the 
study, making it difficult to know whether KRAS mutation, 
by itself, will have any predictive value, when TMB is low. 
Indeed, this patient happened to derive no clinical benefit 
from treatment in this study. 

The association between KRAS mutation and high 
TMB has been observed in other recent studies (5,6). For 
example, in a study of 11,662 lung cancer specimens (6), 
1,556 specimens (13.3%) were KRAS-mutated. When all 
specimens were ranked by TMB, 30% of KRAS-mutated 
specimens fell into the highest TMB quartile. There 
is an obvious biological link between KRAS mutation 
and high TMB. KRAS mutation has long been known 
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to be prevalent among smokers (7) and smoking, which 
represents a chronic exposure to carcinogen, can lead to 
an increased mutational load. Rizvi and colleagues have 
elegantly demonstrated the association between molecular 
smoking signature, high TMB, and responsiveness to PD-1 
blockade immunotherapy (8). They performed a whole 
exome sequencing experiment in 34 NSCLC specimens and 
discovered that higher burden of non-synonymous somatic 
mutations predicted clinical benefit from pembrolizumab. 
The authors proposed that high TMB represented a 
genomic landscape which facilitated the occurrence of 
neoantigen-specific effector T cell responses following 
PD-1 blockade immunotherapy, thus making the treatment 
effective. 

Additional evidences have lent support to this mutational 
landscape theory. For instance, among 64 NSCLC patients 
treated with PD-1 blockade immunotherapy, those with 
high TMB (defined as ≥15 mutations/megabase) (N=20) 
had a median on-treatment duration of 64 weeks compared 
with 17 weeks among others (P=0.01) (6). Interestingly, 
a number of genetic factors strongly correlated with 
TMB, either positively or negatively, have been identified. 
Specifically, high TMB is strongly associated with MSI-
High status, PD-L1 amplification, KRAS mutation, non-
V600E BRAF mutation, BRCA1 or BRCA2 alteration, DNA 
repair alteration gene (MLH1, MSH2, POLE) and lack of 
known drivers (including EGFR, ALK, MET, ROS-1, BRAF 
V600E) (9). Given the biological mechanism described 
above, it is likely that the observed association between 
KRAS or TP53 mutation and response to immunotherapy is 
mechanistically mediated through high TMB. 

There are pros and cons in utilizing mutational status 
as a surrogate for high TMB to predict response to PD-1 
blockade immunotherapy. The key advantage is that 
currently it is easier to detect specific mutations than to 
assess TMB. Furthermore, knowing specific mutations 
is useful for targeted therapy or clinical trial enrollment. 

However, the disadvantage is that it remains unclear which 
genes should be tested and how strongly will it predict 
clinical benefit. Furthermore, KRAS mutation is present 
almost exclusively in adenocarcinoma, making it less useful 
for other NSCLC histology. Although KRAS is not the 
strongest predictor of high TMB (6), its relatively high 
prevalence compared with other gene candidates makes 
it potentially useful. Further studies will still be needed 
to understand how to integrate the available various 
predictors of tumor response following PD-1 blockade 
immunotherapy. At this time, PD-L1 protein status which 
can be obtained quite quickly, easily, and inexpensively 
through immunohistochemistry remains the key predictor. 
In short, KRAS or TP53 mutation may be useful to predict 
response to PD-1 blockade immunotherapy in lung cancer, 
providing that TMB is high.
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Table 1 Predictors of clinical benefit following PD-1 blockade immunotherapy

Predictive factors N/total N (%)
Univariable odds ratio
(95% CI); P value

Multivariable odds ratio
(95% CI); P value

Mutated KRAS 11/54 (20.4) 33.0 (3.75, 290.17); 0.002 11.1 (0.95, 129.94); 0.055

Mutated TP53 23/54 (42.6)  3.1 (0.99, 9.88); 0.05 NS

Weak or strong PD-L1* 31/43 (72.1)  4.1 (0.77, 21.98); 0.09 NS

High tumor mutational burden† 18/34 (52.9) 14.0 (2.37, 82.72); 0.004 6.87 (0.97, 48.53); 0.053

*, missing data in 11 patients. †, missing data in 20 patients. CI, confidence interval; NS, not statistically significant.
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aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.
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