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ABSTRACT
Anti-PD1/PD-L1-directed immune checkpoint inhibitors are game changers in advanced non-small-cell 
lung cancer, but biomarkers are lacking. The aim of our study was to find clinically relevant biomarkers of 
the efficacy of ICI in non-squamous NSCLC. We conducted a retrospective study of patients receiving ICI 
for advanced non squamous NSCLC in two cohorts. For a subset of patients, RNAseq data were generated 
on tumor biopsy taken before ICI. The primary end point was progression-free survival under ICI. 
Secondary end point was overall survival from ICI initiation. In the cohort, we studied 231 patients. Clinico- 
pathological characteristics included KRAS mutant status (n = 88), TTF1-positive expression (n = 136), LIPI 
(Lung Immune Prognostic Index) score of 0 (n = 116). In our cohort, lack of TTF1 expression, LIPI score >0, 
line of treatment >1, and liver metastases were associated with poorer PFS. TTF1 and PD-L1 status could 
be used to stratify survival and improve the AUC for prediction of prognosis in comparison with the PD-L1 
gold standard. Using an external cohort of 154 patients, we confirmed the independent prognostic role of 
TTF1. TTF1 expression and PD-L1 can be used to stratify risk and predict PFS and OS in patients treated 
with ICI for NS-NSCLC.
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Introduction

Non Small Cell Lung Cancer (NSCLC) is the most frequent 
thoracic cancer, and incidence reached 2 million new cases 
in 2019.1 Non-squamous NSCLC (NS-NSCLC) is the most 
common histological subtype.2 NS-NSCLC are character
ized by various molecular alterations. The most common 
of these genetic alterations in lung adenocarcinoma are 
epidermal growth factor receptor (EGFR) and KRAS acti
vating mutations. EGFR insertions and deletions are found 
in roughly 15% of NS-NSCLC,3 while KRAS mutation inci
dence reaches 30% in patients with NS-NSCLC in Western 
countries.4,5 The majority (95%) of KRAS mutations in non 
NS-NSCLC occur in codons 12 (>80%) and 13.3 The G12 C 
point mutation accounts for more than one-third of all 
cases.3,4 In the area of cytotoxic chemotherapies, KRAS 
mutation was thought to be associated with poorer clinical 
outcomes overall in advanced-stage NSCLC.6–8 However, 
the negative impact of KRAS mutation on outcome has 
not been unequivocally confirmed in all studies.9 

Additional driver mutations in lung adenocarcinoma 
occur with a frequency of <1–4%, including ALK gene 
rearrangements, ROS1 translocations, HER2 mutations, 
BRAF mutations, and RET translocations.10

In contrast to other activating genomic alterations found in 
NS-NSCLC, the development of targeted approaches for patients 
with KRAS-mutant NSCLC only very recently led to target thera
pies which could be used as standard treatment.11 Thus, these 
patients are classically treated with cytotoxic chemotherapies and 
checkpoint inhibitors used either concomitantly or sequentially.12 

With the rapid clinical development of anti-programmed death 1 
(PD-1/PD-L1) immune checkpoint inhibitors (ICI), patients with 
advanced NS-NSCLC have come to be treated with chemotherapy 
followed by anti PD-1 monoclonal antibodies (mAb) in recent 
years. Moreover, ICI are now becoming standard in the first-line 
treatment of advanced NS-NSLC as monotherapy for patients 
with high expression of PD-L1,13,14 and in association with che
motherapy for all-comers with NS-NSCLC.15

Predicting the response to ICI remains an unmet need. 
Although a large number of biological studies have tested 
complex biomarkers,16 the only approved biomarker remains 
PD-L1 immunohistochemistry. Nevertheless, despite the sub
stantial correlation between PD-L1 expression and response 
or clinical efficacy on ICI, PD-L1 remains a controversial 
biomarker of immunotherapy response with several 
limits.17,18 Moreover, few studies have tested clinical biomar
kers that are easy to implement in clinical routine practice. 
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The inflammation process has been proposed as a mechanism 
of immunoresistance in cancer patients, and peripheral 
inflammatory status has been shown to be associated with 
worse outcomes in various cancer types.19–21 Many blood 
parameters, such as elevated white blood cells, neutrophil 
count, platelet count, and high levels of lactate dehydrogenase 
(LDH) were found to be associated with poor outcomes in 
several cancer types.21–24 In the context of ICI treatment, 
a recent large retrospective cohort of NSCLC patients under
lined that a score called LIPI (Lung Immune Prognostic 
Index), based on a combination of the derived neutrophil/ 
lymphocyte (leukocytes minus neutrophils) ratio (dNLR) and 
LDH levels, was associated with resistance to 
immunotherapy.25

The role of KRAS as a biomarker of response to ICI remains 
an open question. In clinical trials comparing ICI with che
motherapy in second-line treatment, a benefit was suggested in 
patients with KRAS-mutant NS-NSCLC on the basis of an 
unplanned subgroup analysis.26 KRAS mutations are frequently 
associated with high tumor mutational burden and smoking 
habits, two classical factors associated with better response to 
checkpoint inhibitors, and previous reports underlined that 
KRAS status was associated with response to immunotherapy.27 

Moreover, other recent data indicate that KRAS-mutant NS- 
NSCLC patients display heterogenous immune profiles28 and, 
consequently, various levels of sensitivity to immunotherapy. 
No clinical trial with ICI for NS-NSCLC has used KRAS- 
mutant status as a stratification factor to address this question.29

In this study, we aimed to determine the prognostic role of 
classically used routine markers such as KRAS status and LIPI 
score, in patients with NS-NSCLC treated with ICI. We also 
evaluate, in addition to the classically described biomarkers, 
the role of Thyroid Transcription Factor-1 (TTF1) expression 
as predictor of ICI efficacy.

Materials and methods

Study population

Four hundred and five patients with metastatic NSCLC 
receiving treatment with anti-programmed death 1 (PD-1/ 
PD-L1) checkpoint inhibitors in the Georges François 
Leclerc Cancer Center between 2014 and 2020 were 
selected. Patients receiving immunotherapy treatment in 
adjuvant conditions were excluded. Patients with squamous 
carcinoma, small cell neuroendocrine carcinoma, unknown 
KRAS status or an EGFR alteration were excluded 
(Supplementary Figure 1).

A total of 231 patients were finally included and composed 
cohort 1. Only patients from whom informed consent was 
obtained and recorded in the medical chart were included in 
this retrospective study.

We also used a second cohort (called cohort 2) of 154 
patients with advanced NS-NSCLC and treated with anti-PD1 
ICI in the University Hospital of Caen (France).

This study was approved by the CNIL (French national 
commission for data privacy) and the local ethics committee, 
and was performed in accordance with the Helsinki 
Declaration and European legislation. For RNAseq analysis, 

this study falls within the scope of the biological collection 
authorization registered under the name AC-2014-2260.

Molecular analysis

Mutations in KRAS, EGFR, BRAF, PIK3CA and HER2 were 
investigated for all patients by either allelic discrimination or 
fragment analysis (Supplementary Table 1).

ALK receptor tyrosine kinase and ROS1 rearrangement 
were detected using an immunohistochemical procedure, and 
positive cases were controlled by fluorescent in situ 
hybridization.

TTF1 is a tissue-specific transcription factor which is often 
use by pathologist to determine the origin (thyroid, lung, or 
diencephalon) of tumors or to differentiate lung adenocarci
noma from squamous cell carcinoma. TTF1 staining was per
formed using Ventana automates with the 8G7 G3/1 clone 
(Zymed, France), which is the most specific antibody to iden
tify lung adenocarcinoma.30,31 A focal positivity for TTF1 
result was considered a positive reaction indicating pulmonary 
adenocarcinoma in the proper clinical context.

The pathologists were A.L.L.P, F.B. and V.D; they were 
blinded to the treatment outcome.

PD-L1 expression analysis

PD-L1 protein expression in tumor cells was assessed using 
immunohistochemistry with a ready-to-use PDL1 commercial 
kit with QR1 or 22C3 antibodies, PD-L1 positivity was defined 
as >1% of cells in tumor.

LIPI score calculation

Blood cell counts and LDH levels at baseline before ICI treat
ment (within 30 d prior to the first treatment) were obtained 
from the electronic medical records. Demographic, clinical, 
pathological and molecular data were also collected.

The LIPI (Lung Immune Prognostic Index) was developed 
on the basis of dNLR (leukocytes/ (leukocytes – neutrophils) 
>3) or LDH > 230 U/L (considered as the upper limit of normal 
in our center).32 We considered two distinct groups: negative if 
neither of these two conditions was met, and positive if one or 
both conditions were met.

Statistical analysis

The evaluation of tumor response was performed after four to six 
immunotherapy injections. Progression-free-survival (PFS) was 
calculated from the date of first immunotherapy administration 
until disease progression or death from any cause, and was eval
uated at 6 months. Patients who were alive with no progression at 
6 months were censored. Overall survival (OS) was calculated 
from the date of first immunotherapy administration until death 
from any cause, and was censored at 1 y. Patient and disease 
characteristics were compared between KRAS mutated and WT 
patients using the Chi-2 or Fisher’s exact test for qualitative 
variables, or the Wilcoxon test for continuous variables, as 
appropriate.
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Survival analysis was performed using the survival R library. 
The prognostic value of the different variables was tested using 
univariate and multivariate Cox regression models for OS and 
PFS. Survival probabilities were estimated using the Kaplan– 
Meier method and survival curves were compared using the 
log-rank test. P-values less than or equal to 0.05 were consid
ered statistically significant. Composite scores were computed 
to test the combined predictive value of a combination of 
variables of interest. To this end, we separated patients into 
four groups, classified by a score ranging from 0 to 3, where 
scores were computed as the sum of each the variables of 
interest. The predictive values of these scores were estimated 
on the discovery cohort (cohort 1) and on the external cohort 
(cohort 2).

Statistical analyses were performed using the R software 
(http://www.R-project.org/) and graphs were drawn using 
GraphPad Prism version 7.0.3.

Results

Patients’ clinical characteristics of the discovery cohort 
(cohort 1)

In total, 231 patients treated with ICI (in first-line or more) for 
non-squamous NSCLC with available KRAS status were 
retained for analysis. Eighty-eight patients (38%) had KRAS 
mutation, and 143 (62%) had a wild-type KRAS phenotype. 
The main characteristics of the population are reported in 
Table 1, and molecular abnormalities in Supplementary Table 2.

No significant statistical difference was found between the 
clinical characteristics of KRAS mutated and WT KRAS car
riers, except for a trend toward a higher presence of PD-L1 
positive tumor in the KRAS mutated group, as classically 
reported. The G12C point mutation accounted for approxi
mately half of KRAS-mutation carriers (41 patients, 47%), 
G12V and G12D being other frequently found variants. 
Details are reported in Supplementary Table 3.

In the whole cohort, median dNLR was 2.23 (Interquartile 
range (IQR) = 1.54) and was >3 in 61 patients. Median LDH 
was 226 (IQR = 106) and was above the Upper Limit of Normal 
(ULN = 230) in 92 patients. One hundred and sixty-six (50.2%) 
patients presented a LIPI score ≥1. Patients with high LIPI 
presented more liver metastasis (Fisher’s exact test: p = .03). 
PD-L1 status was positive in 129 patients (56%), negative in 65 
(28%) and not available in 37 (16%) patients. Patients with 
positive status PD-L1 presented less liver metastasis (Fisher’s 
exact test: p = .02).

One hundred and thirty-six (58.8%) patients presented 
a TTF1 positive tumor. No significant statistical difference 
was found between the clinical characteristics of TTF1 positive 
and TTF1 negative groups (Supplementary Table 4).

Clinical and genomic biomarkers of PFS and OS

In this study, the median follow-up was 2.9 months for PFS. 
In the overall cohort, using a univariate Cox model, presence 
of liver and bones metastasis, absence of PD-L1 and absence 
of TTF1 expression, and treatment in second line or more 
were significantly associated with poor PFS (Figure 1(a) and 

Supplementary Figure 2(a,b)). Surprisingly, WHO perfor
mance status >0 at initiation of immunotherapy was not 
associated with PFS. Using a multivariate model, we 
observed that treatment in second line or more, presence 
of liver metastasis and absence of TTF1 expression were 
independently associated with poor PFS (Figure 1(a)).

For OS, by Cox univariate analysis, LDH > ULN, dNLR >3, 
LIPI score ≥1, absence of TTF1 expression, line of therapy >1, 
WHO performance status >0, absence of PD-L1, KRAS mutated 
status, presence of liver, cerebral and bone metastasis were 
associated with significantly poorer overall survival (Figure 1(b) 
and Supplementary Figure 2(c,d)). Using a multivariate model, 
we observed that treatment absence of PD-L1 or TTF1, presence 
of liver or bone metastasis and presence of KRAS mutation were 
independently associated with poor OS (Figure 1(b)).

OS was significantly poorer in KRAS mutation carriers 
(HR = 1.62 [1.07; 2.45], p-value = 0.02); median OS was 
10 months (IQR = 29.1) in KRAS mutated patients and 
15.1 months (IQR = 20.1) in WT KRAS patients. No difference 
in prognosis was observed between KRAS G12C mutations and 
other mutations (median OS was 9.33 (IQR = 29.5) months in 
KRAS G12C mutations and 13.9 (IQR = 52.8) months in other 
KRAS mutations; HR = 0.71 [0.39; 1.32], p-value = 0.28).

Since LIPI and TTF1 were found to be associated (Fisher 
test p-value = 0.04), we generated two separate multivariate 
models, one with the LIPI score and one with TTF1 status. By 
multivariate Cox regression analysis in the model with the LIPI 
score, we found that WHO performance status >0, line of 
therapy >1, LIPI score ≥1 and liver metastasis were indepen
dent prognostic factors for PFS. Multivariate Cox analysis with 
TTF1 status showed that KRAS mutated status, absence of PD- 
L1, absence of TTF1 expression, and presence of liver or bone 
metastasis were associated with poorer OS (Figure 1(b)).

By subgroup analysis, in the KRAS mutant group, LIPI 
score ≥1 was associated with poor PFS (HR = 2.39 [1.31; 
4.33] p-value = 0.004) and poor OS (HR = 3.24 [1.58; 6.7], 
p-value = 0.001). In the KRAS WT group, the LIPI score ≥1 was 
not associated with poor PFS (HR = 0.76 [0.47; 1.23], 
p-value = 0.26) but remain associated poor OS (HR = 1.87 
[0.97; 3.6] p-value = 0.06) (Figure 2(a,b)). Similarly, only in the 
KRAS mutant group, we observed that tumors harboring 
KRAS mutation and TTF1 negative expression were associated 
with poor PFS (HR = 2.82 [1.65; 4.83], p-value<1.10−3) and OS 
(HR = 3.83 [2; 7.29], p-value<1.10−3) (Figure 2(c,d)).

PD-L1 expression (>1% in cancer cells) in RAS WT carriers 
was none significantly associated with longer PFS and signifi
cantly with OS (respectively HR = 0.64 [0.4; 1.05], p-value = 0.08 
and HR = 0.36 [0.19; 0.69], p-value = 0.002). In contrast, in 
RAS mutated patients, PD-L1 expression was not significantly 
associated with better outcome (HR = 0.63 [0.35; 1.14], 
p-value = 0.13 for PFS, and HR = 0.55 [0.29; 1.11], p-value = 0.1 
for OS) (Figure 2(e,f)). Note that subgroup analysis underlined 
that TTF1 might be a better predictive factor for patients 
treated with PD-1 mAb (results not shown). However due to 
the low number of patients confirmatory studies are needed.

Together, these data underline that TTF1 and LIPI are 
prognostic factors and that KRAS mutated status is a factor 
of poor prognosis only in patients with LIPI score ≥1 or TTF1 
negative tumors.
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Using LIPI and KRAS status as a prognostic score to predict 
outcome

In view of the relevance of LIPI and KRAS as biomarkers, we 
hypothesized that combining these two variables with the clas
sical PD-L1 biomarker would improve assessment of prog
nosis. To this end, we separated patients into four groups, 
classified by a score ranging from 0 to 3, where scores were 
computed as the sum of each the three variables: variables were 
scored 1 in case of KRAS mutated status, LIPI score ≥1 and 
absence of PD-L1 positive tumor cells. Despite the good pre
dictive power for OS and PFS for models with LIPI/KRAS 

(Area Under the Curve (AUC) = 0.53 for PFS at 6 months 
and AUC = 0.65 for OS at 1 y), LIPI/PD-L1 (respectively 
AUC = 0.57 and AUC = 0.67) and KRAS/PD-L1 (respectively 
AUC = 0.59 and AUC = 0.69) (Figure 3(a–d) for PFS and 
Figure 4(a–d) for OS), the KRAS/LIPI/PD-L1 score was 
a slightly better biomarker in particular for OS (respectively 
likelihood ratio test p-value = 0.002, 0.004 and 0.003 for OS and 
p = .02, 0.13 and 0.45 for PFS). AUC of the model combining 
LIPI score, KRAS status and PD-L1 expression was estimated 
at 0.59 for 6-month PFS (Figure 3(d)) and 0.72 for 1-y OS 
(Figure 4(d)). All composite biomarkers which include the gold 
standard PD-L1 biomarker improved the predictive value for 
OS compared to the gold standard PD-L1 biomarker 
(AUC = 0.61, likelihood ratio test p-value = 0.008 with 
KRAS/PD-L1, 0.004 with LIPI/PD-L1 and <1.10−3 with LIPI/ 
KRAS/PD-L1) but results were not significant for PFS 
(AUC = 0.55, likelihood ratio test p-value = 0.15 with KRAS/ 
PD-L1, 0.55 with LIPI/PD-L1 and 0.27 with LIPI/KRAS/PD- 
L1) (Figure 3(d) and Figure 4(d) and Figure 2(e)).

Taking patients with a score = 0 as a reference, patients with 
scores of 2 and 3 had worse OS (respectively HR = 3.95 [1.66; 
9.42], p-value = 0.002; HR = 5.6 [2.1; 15.3], p-value < 1.10−3). 
No difference was observed compared to patients with 
a score = 1. For PFS, no significant differences were found 
between patients with score 0 and those with higher scores 
(Figure 3(e) and Figure 4(e)).

Using TTF1 and KRAS to predict outcome in NS-NSCLC

We investigated whether TTF1 could be also used together 
with KRAS as a valuable biomarker associated with outcome 
in this category of patients. As above, we separated patients in 4 
groups, classified by a score ranging from 0 to 3, whereby one 
point was attributed for occurrence of KRAS mutated status, 
absence of TTF1 expression, and absence of PD-L1 positive 
tumor cells.

All pairs of biomarkers had good predictive power for PFS 
and OS: TTF1/KRAS (AUC = 0.61 for PFS and AUC = 0.65 for 
OS), TTF1/PD-L1 (respectively AUC = 0.62 and AUC = 0.69) 
and KRAS/PD-L1 (respectively AUC = 0.57 and AUC = 0.68) 
(Figure 5(a–d) for PFS and Figure 6(a–d) for OS). Nevertheless, 
the PD-L1, TTF1, KRAS score outperformed the capacity of the 
paired-biomarker scores (AUC = 0.62 for PFS and AUC = 0.73 
for OS, likelihood ratio test p-value for PFS respectively: 0.02, 
0.08 and 0.01, for OS: <1.10−3, 0.006 and 0.005). All composite 
biomarkers including PD-L1 improved compared to the gold 
standard PD-L1 biomarker prediction for OS (AUC = 0.61, 
likelihood ratio test p-value = 0.05 with KRAS/PD-L1, 0.003 
with TTF1/PD-L1 and <1.10−3 with TTF1/KRAS/PD-L1) and 
PFS (AUC = 0.55, likelihood ratio test p-value = 0.05 with 
KRAS/PD-L1, 0.01 with TTF1/PD-L1 and 0.001 with TTF1/ 
KRAS/PD-L1) (Figure 5(d) and Figure 6(d) and Figure 2(f)).

Taking patients with a score of 0 as the reference, patients 
with a score of 2 or 3 had worse PFS (respectively HR = 1.76 [1; 
3.09], p-value = 0.05, HR = 5.01 [2.37; 10.61], p-value <b1.10−3) 
and worse OS (respectively HR = 4.41 [2.04; 9.5], p-value 
<b1.10−3, HR = 8.3 [3.3; 21.12], p-value <b1.10−3). No signifi
cant difference was observed for patients with a score of 1 
(Figure 5(e) and Figure 6(e)).

Table 1. Summary of clinical and genomic characteristics.

Variables
All patients  

(n = 231)

KRAS mutant  
patients  
(n = 88)

WT KRAS  
patients  

(n = 143) P-value

Sex, n (%) .12
Male 144 (62.3) 49 (55.7) 95 (66.4)
Female 87 (37.7) 39 (44.3) 48 (33.6)
Age at diagnosis, median (IQR) 63.5 (14.1) 63.5 (13) 63.3 (14.7) .95
n (%) .89
≤60 88 (38.1) 34 (38.6) 54 (37.8)
>60 143 (61.9) 54 (61.4) 89 (62.2)
Smoking status, n (%) 1
Never smoker 17 (7.4) 6 (6.8) 11 (7.7)
Current or former smoker 189 (81.8) 68 (77.3) 121 (84.6)
NA 25 (10.8) 14 (15.9) 11 (7.7)
Histological type, n (%) .24
Adenocarcinoma 210 (90.9) 83 (94.3) 127 (88.8)
Other 21 (9.1) 5 (5.7) 16 (11.2)
WHO performance status, n (%) .12
0 59 (25.6) 17 (19.3) 42 (29.4)
>0 159 (68.8) 65 (73.9) 94 (65.7)
NA 13 (5.6) 6 (6.8) 7 (4.9)
Cerebral metastasis, n (%) 81 (35.1) 36 (40.9) 45 (31.5) .16
Liver metastasis, n (%) 63 (27.3) 24 (27.3) 39 (27.3) 1
Bone metastasis, n (%) 110 (47.6) 42 (47.7) 68 (47.6) 1
Lymph node metastasis, n (%) 183 (79.2) 70 (0.8) 113 (79) 1
Pleuro-peritoneal metastasis, n (%)147 (63.6) 58 (65.9) 89 (62.2) .67
Line of ICI, n (%) .64
1 64 (27.7) 25 (28.4) 39 (27.3)
>1 144 (62.3) 51 (58) 93 (65)
NA 23 (10) 12 (13.6) 11 (7.7)
Type of ICI, n (%) .51
Anti PD-L1 28 (12.1) 13 (14.8) 15 (10.5)
Anti PD-1 184 (79.7) 67 (76.1) 117 (81.8)
Anti CTLA4 1 (0.4) 1 (1.1) 0 (0)
Anti PD-L1 + anti CTLA4 4 (1.7) 3 (3.4) 1 (0.7)
Anti PD-1 + anti CTLA4 8 (3.5) 4 (4.6) 4 (2.8)
Other association 6 (2.6) 0 (0) 6 (4.2)
PD-L1 status (cutoff at 1%), n (%) .09
Negative tumors 65 (28.1) 21 (23.9) 44 (30.8)
Positive tumors 129 (55.8) 59 (67) 70 (48.9)
NA 37 (16) 8 (9.1) 29 (20.3)
LDH, median (IQR) 226 (107) 225 (117) 227 (100.2) .82
dNLR, median (IQR) 2.23 (1.54) 2.3 (1.5) 2.2 (1.55) .54
LIPI score, n (%) 1
0 79 (34.2) 30 (34.1) 49 (34.3)
>0 166 (50.2) 45 (51.1) 71 (49.7)
NA 36 (15.6) 13 (14.8) 23 (16)
TTF1 status, n (%)
Negative tumors 79 (34.2) 33 (37.5) 46 (32.2) .38
Positive tumors 136 (58.8) 48 (54.5) 88 (61.5)
NA 16 (7) 7 (8) 9 (6.3)
OS (months), median (IQR) 13.4 (21.8) 10 (29.1) 15.1 (20.1)
PFS (months), median (IQR) 2.9 (9.5) 2.7 (10.7) 3.5 (9.4)

Continuous variables are described as median and interquartile range (IQR) and 
were compared between KRAS WT and mutated patients with the Wilcoxon 
test. Categorical variables are described as number (%) and were compared 
between KRAS WT and mutated patients using Chi-2 or Fisher’s exact test for 
count data. ICI: Immune Checkpoint Inhibitors; IQR: Inter Quartile Range; LDH: 
Lactate Dehydrogenase; dNLR: derived neutrophils/(leukocytes minus neutro
phils) ratio; LIPI: Lung Immune Prognostic Index; NA: Not Available.

e1957603-4 L. GALLAND ET AL.



Transcriptomic and histological features related to LIPI, 
TTF1, and KRAS status

To link this clinical observation with a transcriptomic mole
cular pattern, we performed RNAseq analysis in a subset of 48 
patients included in this cohort, namely 26 (54.2%) wild-type 
patients, 22 (45.8%) mutated tumors, 20 (41.7%) patients with 
a LIPI score of 0, 28 (58.3%) with LIPI score ≥1. Twenty-nine 
(60.4%) patients had TTF1 positive tumors and 19 (39.6%) 
patients had TTF1 negative tumors. Results are presented as 
Supplementary data.

External evaluation of the predictive role of TTF1 and 
KRAS to predict outcome in NS-NSCLC

To externally evaluate our results, we tested the prognostic role 
of TTF1 in a cohort of NS-NSCLC treated by ICI in Caen 

hospital (n = 154). The clinical characteristic of this cohort 2 
were similar to our cohort, but with a higher percentage of 
TTF1 positive tumors (Supplementary Table 5).

In cohort 2, no significant difference was found for PFS or 
OS according KRAS status (Figure 7(a,b)). As in our cohort, we 
observed a non-significant trend toward poor PFS (HR = 1.6 
[0.96; 2.68], p-value = 0.07) and significantly poorer OS 
(HR = 2.23 [1.3; 3.83], p-value = 0.004) in patients with TTF1 
negative tumors (Figure 7(c,d)). The multivariate model for OS 
showed that TTF1 negative tumors, male sex and line of therapy 
>1 were associated with poor prognosis (Figure 7(b)). As in our 
cohort, we showed that the TTF1/PD-L1 score outperformed 
the gold standard PD-L1 biomarker for OS (AUC = 0.59 for 
TTF1/PD-L1 and 0.55 for PD-L1 and likelihood ratio test 
p-value = 0.006) and was equivalent for PFS (AUC = 0.58 for 
both and likelihood ratio test p-value = 0.06) (Figure 7(e,f)).

Figure 1. Univariate and multivariate Cox models for progression-free and overall survival. Forest plots representing the hazard ratio and confidence interval using 
univariate (green), multivariate with univariate significant variables on the one hand with LIPI score (pink) and on the other hand with TTF1 score (orange) when it was 
possible Cox models for the whole cohort, for a) progression-free survival and b) overall survival. For univariate models, p-values were adjusted using Benjamini- 
Hochberg FDR correction and p-values <0.1 were considered significant and are represented by a green star. For multivariate models, p-values <0.05 were considered 
significant and are represented by a pink or orange star.LDH: Lactate Dehydrogenase; dNLR: derived neutrophils/(leukocytes minus neutrophils) ratio; LIPI: Lung 
Immune Prognostic Index; ULN: Upper Limit of Normal (=230); ICI: immune checkpoint inhibitors.

Figure 2. Multivariate Cox models with KRAS status for progression-free and overall survival. Kaplan–Meier curves with patients stratified according to KRAS status and 
LIPI score for a) progression-free survival and b) overall survival. c and d) Kaplan–Meier curves with patients stratified according to KRAS and TTF1 status respectively for 
progression-free survival and overall survival. e and f) Kaplan–Meier curves with patients stratified according to KRAS and PD-L1 status respectively for progression-free 
survival and overall survival.LIPI: Lung Immune Prognostic Index; WT: Wild Type
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Figure 3. Association between progression-free survival, and LIPI, KRAS, and PD-L1 status. Kaplan–Meier curves for progression-free survival with patients stratified 
according to composite scores based on different combinations of LIPI score, KRAS status and PD-L1 status. Scores were computed as the sum of each variable, where 1 
point was attributed respectively for LIPI score above 0, KRAS mutated status and PD-L1 negative status (<1%). a) LIPI/KRAS score, b) LIPI/PD-L1 score and c) KRAS/PD- 
L1. d) Bar plots representing the Area Under the Curve of 6-month progression-free survival for Cox models estimated for the different composite scores; p-values 
correspond to Likelihood ratio test.e) Kaplan–Meier curves for LIPI/KRAS/PD-L1 score for progression-free survival.LIPI: Lung Immune Prognostic Index

Figure 4. Association between overall survival, and LIPI, KRAS, and PD-L1 status. Kaplan–Meier curves for overall survival with patients stratified according to composite 
scores based on different combinations of LIPI score, KRAS status, and PD-L1 status. Scores were computed as the sum of each variable, where 1 point was attributed 
respectively for LIPI score above 0, KRAS mutated status and PD-L1 negative status (<1%). a) LIPI/KRAS score, b) LIPI/PD-L1 score and c) KRAS/PD-L1. d) Bar plots 
representing the Area Under the Curve of 1 year overall survival for Cox models estimated for the different composite scores; p-values correspond to Likelihood ratio 
test. e) Kaplan–Meier curves for LIPI/KRAS/PD-L1 score for overall survival.LIPI: Lung Immune Prognostic Index
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We separated patients into 3 groups classified by a score 
ranging from 0 to 2 points, attributing one point for absence of 
TTF1 expression, and absence of PD-L1 positive tumor cells. 
Taking patients with scores of 0 or 1 as a reference, patients 
with a score = 2 had worse PFS (respectively HR = 3.98 [1.8; 
8.85], p-value < 1.10−3, HR = 3.23 [1.43; 7.25], p-value = 0.005) 
and a worse OS (respectively HR = 5.34 [2.34; 12.16], p-value < 
1.10−3, HR = 4.05 [1.8; 9.35], p-value = 0.001) (Figure 7(g,h)).

Discussion

This retrospective study including two different cohorts brings 
to light some important clinico-pathological data that may help 
to better stratify patients treated with ICI. The most salient 
observation is that TTF1 expression is a predictive factor for 
better response to ICI. Secondly, we observed that in the first 
cohort of patients with NS-NSCLC treated with an ICI, KRAS 
mutated status is independently associated with poor prognosis 
only in TTF1-negative tumors. However, these findings could 
not be validated in the second cohort, likely due to a lack of 
statistical power. Finally, adding TTF1 assessment to the stan
dard PD-L1 biomarker improves the prediction of prognosis in 
NS-NSCLC.

Conflicting data have previously been observed when analyz
ing interactions between KRAS status and response to ICI. For 
example, in the Checkmate 057 study,26 a potential advantage for 
immunotherapy in KRAS mutant NSCLC was observed, whereas 

in a larger retrospective study, Jeanson et al did not observe any 
significant relation between KRAS status and objective response 
rate (ORR), PFS or OS in patients treated with ICI.29 A recently 
published meta-analysis that included five randomized clinical 
trials testing the antitumor effect of anti PD-1/PD-L1 mAb for 
the treatment of NSCLC in second-line treatment, highlighted 
a greater benefit of ICI in KRAS-mutant non-squamous 
NSCLC.33 However, KRAS mutation status was not indepen
dently related to survival. The discrepancies between these results 
may stem from patient selection, with squamous lung cancer 
included in some cases, or EGFR-positive tumors in other cases. 
The recent ImmunoTarget registry underlined that the response 
of KRAS carriers to ICI was better than that of patients with 
other driver alterations, especially for EGFR and ALK altered 
tumors.34 To avoid such bias, in our study, we only included 
non-squamous adenocarcinoma and excluded EGFR mutation 
cancers, known to be resistant to ICI and mainly treated with 
target therapies.35,36 This patient selection seems logical, since it 
represents the panel of patients classically treated with ICI.

PD-L1 is a classical predictive marker of response to ICI and 
is used in most clinical trials involving NSCLC.37–42 However, 
the predictive role of PD-L1 status is discordant in some trials 
that have demonstrated benefits for ICI therapy, regardless of 
the PD-L1 status.43 In a previous study, a trend was reported 
toward better ORR and longer PFS in KRAS-mutant NSCLC 
with PD-L1–positive versus PD-L1–negative tumors, with 
increased benefit observed at a higher rate of PD-L1–positive 

Figure 5. Association between progression-free survival and TTF1, KRAS, and PD-L1 status. Kaplan–Meier curves for progression-free survival with patients stratified 
according to composite scores based on different combinations of TTF1 status, KRAS status and PD-L1 status. Scores were computed as the sum of each variable, with 1 
point attributed respectively for TTF1 negative status, KRAS mutated status, and PD-L1 negative status (<1%). a) TTF1/KRAS score, b) TTF1/PD-L1 score and c) KRAS/PD- 
L1 score. d) Bar plots representing the Area Under the Curve of 6-month progression-free survival from Cox models estimated for the different composite scores; 
p-values correspond to Likelihood ratio test. e) Kaplan–Meier curves for TTF1/KRAS/PD-L1 score for progression-free survival.LIPI: Lung Immune Prognostic Index
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tumor cells.29 As in previous studies,38,39 PD-L1 positive 
tumors tend to be more frequent in the KRAS mutated group 
in our cohort. However, our study shows contrasting results in 
terms of prognosis. We observed that PD-L1 > 1% expression 
in cancer cells was associated with better PFS and OS in the 
whole cohort, but subgroup analysis showed that this associa
tion drove by the difference observed in WT KRAS tumors. 
Taken together with the report of poor OS in KRAS-mutated 
tumors, these data underline the specific intrinsically poor 
prognosis in this subgroup of patients, which may explain 
why they yield less benefit from immunotherapy.

A lung immune prognostic index (LIPI) based on a dNLR 
ratio >3 and LDH above the ULN was developed by Mezquita 
et al.,25 and characterizes three prognostic groups (good, 0 
factors; intermediate, 1 factor; poor, 2 factors). In a large cohort 
of NSCLC treated in second line or more with ICI, they 
demonstrated the predictive role of this marker and that sys
temic inflammatory status was closely correlated with worse 
prognosis in lung cancer. Similarly additional reports have 
shown the prognostic and predictive role of NLR or LDH 
level in either lung cancer or melanoma treated with ICI.32,44,45

However, the interaction between LIPI and KRAS status has 
never been addressed. We show here that LIPI determines PFS 
and OS only in patients with KRAS-mutated tumors, thus 
suggesting a particular behavior of KRAS-mutated tumors as 
regards their capacity to react against the inflammatory pro
cess. A possible explanation is provided by the RNAseq data 

from our study, which showed that patients with high LIPI had 
a decrease in myeloid dendritic cells, classically reported to be 
related to better response to immunotherapy.46 When we stu
died the two variables of the LIPI score, we noted that the 
difference in terms of prognosis between WT KRAS type and 
mutated tumors was only dependent on the dNLR variable. 
Similarly, a low level of myeloid dendritic cells is only depen
dent on dNLR status, and not on LDH status. Additional 
studies are warranted to elucidate how LDH levels affect 
immune response.47–49

Interestingly, we made the surprising observation that LIPI 
score is linked to a specific transcriptomic feature of cancer 
cells, with the signature of exocrine bronchiolar cells. Previous 
studies showed that basal cells (BCs) are considered the candi
date “cell of origin” of lung squamous cell carcinoma.50 In 
contrast, the cellular origin of lung adenocarcinoma is less 
clear.51 Centrally located adenocarcinomas are thought to 
arise from the surface or glandular epithelium of the 
bronchi.52 By contrast, an exocrine bronchiolar cell (Clara 
cell) has been observed in peripheral adenocarcinoma.2,53 

These data suggest that cancer differentiation type may in 
part explain local and systemic immune contexture.

The relation between TTF1 expression and response to ICI 
is surprising. To date, no study has addressed this question. 
Previous studies in patients untreated with ICI report in most 
cases that TTF1 expression was associated with better outcome 
in either early stage or metastatic disease,54–57 but the 

Figure 6. Association between overall survival and TTF1, KRAS, and PD-L1 status. Kaplan–Meier curves for overall survival with patients stratified according to composite 
scores based on different combinations of TTF1 status, KRAS status and PD-L1 status. Scores were computed as the sum of each variable, with 1 point attributed 
respectively for TTF1 negative status, KRAS mutated status, and PD-L1 negative status (<1%). a) TTF1/KRAS score, b) TTF1/PD-L1 score and c) KRAS/PD-L1 score. d) Bar 
plots representing the Area Under the Curve of 1 year overall survival from Cox models estimated for the different composite scores; p-values correspond to Likelihood 
ratio test. e) Kaplan–Meier curves for TTF1/KRAS/PD-L1 score for overall survival.LIPI: Lung Immune Prognostic Index
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prognostic role of TTF1 in the context of ICI remains 
unknown. Interestingly, the subgroup analysis of our cohort 
suggests that the prognostic role of TTF1 is mainly observed in 
KRAS mutant tumors, but this analysis requires confirmation 
in another external cohort. Transcriptomic data support 
a particular biological feature of TTF1-positive tumors with 
an exocrine bronchiolar phenotype, and presence of an inflam
matory response, which is classically associated with better 
efficacy of ICI.

Limitations of this study include the retrospective nature of 
data, with no determination of sample size, and the presence of 
missing clinical and pathological data albeit only for a low pro
portion of patients. In contrast to many retrospective reports, the 
PD-L1 status was known for most patients (83%). TTF1 status is 
heterogeneous between both cohorts. These differences may 
stem from the use of different mAbs to detect TTF1. However, 
despite this heterogeneity in the method, TTF1 remained of 
prognostic value in both groups, supporting the robustness of 
the marker. Another possible bias relates to the pooling of 
patients treated with different ICI mAb at different lines of 
treatment and to the pooling of patients with immunotherapy 
alone with patients with a combination of immunotherapy and 
chemotherapy. Molecular biology testing and PD-L1 was per
formed homogeneously in our biology department, so these data 
strengthen the results by limiting the analytic heterogeneity. We 
chose to include patients with BRAF mutation, because at the 
time of the study, these patients were treated as WT and RAS 
mutated NSCLC, and had similar response rates to ICI, but we 
acknowledge that this could represent a potential source of bias. 
Moreover, presence of LKB1 loss is reported to be associated 
with a lack of efficacy of immunotherapy in KRAS lung 

adenocarcinoma.58 This is why, in an exploratory data set, we 
analyzed LKB1 expression on 100 patients, 50 with TTF1+ and 
50 with TTF1-. In this group, 15 patients had a loss of LKB1 
expression: 7 were TTF1+ and 8 TTF1- (data not shown). In this 
small cohort, LKB1 was not associated with outcome, but prob
ably due to the small number of patients.

Lastly, subgroup analysis, especially for the different types of 
mutation, included only small numbers of patients, and there
fore, RNAseq data should be interpreted with caution.

To conclude, our data reveal that TTF1 expression could be 
used to stratify and predict PFS and OS in patients treated with 
ICI for NS-NSCLC. The assessment of TTF1 and PDL1 could 
be combined to improve prognostic prediction in these 
patients, in association or not with LIPI score which had 
already show to be useful for identifying patients unlikely to 
benefit from immunotherapy. Nevertheless, this approach war
rants exploration in future prospective clinical trials.
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