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Lung cancer is one of the major cause of cancer-related 
morbidity and mortality across the globe

Source: American Cancer Society



Immune checkpoints are regulators of the immune responses

Homeostasis Tumor immune 
escape

Targets of immune 
checkpoint inhibitors



Immune checkpoints inhibitors for the treatment of NSCLC

Nivolumab (OPDIVO®) and Pembrolizumab
(KEYTRUDA ®) are monoclonal antibodies
specific for PD-1

Atezolizumab (TECENTRIQ ®) is a monoclonal
antibody specific for PD-L-1

FDA-approved drugs for the 
treatment of advanced pretreated

NSCLC



Nivolumab was found to be significantly better 
than docetaxel regardless of intratumoral PD-L1 
expression levels.

PD-L-1 expression as a prognostic or 
predictive biomarker

Pembrolizumab efficacy was greater in patients 
with PD-L-1 expression ≥ 1% (second-line therapy) 
or ≥50% (first-line therapy)

Predictive biomarkers associated with 
response to immune checkpoint inhibitors

Ø Heterogeneous expression of PD-L-1 
Ø Differences between primary tumor and 

metastatic lesions 



Tryptophan degrading enzymes as immunological control nodes

IDO1, indoleamine 2,3-dioxygenase 1

TDO, tryptophan 2,3-dioxygenase
TDO has a narrower expression and 

substrate specificity

IDO1 enzyme is expressed in various tissues and 
can catabolize a wider range of indole-containing 

substrates

Amino acid starvation

Kynurenine production

Non-enzymatic functions



IDO2

q Is present in mammals and lower vertebrates

q has a low affinity for the substrate Trp

IDO1 

has an high affinity for the substrate

IDO1 and IDO2: the product of an ancient gene duplication event 
that occurred prior to the evolution of vertebrates

Yuasa HJ, et al. FEBS J. 2015;282(14):2735-2745. 



IDO1

IDO2

Different expression of IDO1 and IDO2 in human tissues

Consensus dataset from Human Protein Atlas 



Different expression of IDO1 and IDO2 in tumor tissues

RNA-seq data from Human Protein Atlas 

IDO1

IDO2



IDO1 is commonly expressed by NSCLC

What about IDO2?

Ø IDO2 expression in resected NSCLCs

Ø Correlation between IDO2 expression, clinical parameters and patients’ prognosis

IDO2 as potential biomarker for NSCLCs

Mandarano M, et al. Virchows Arch. 2019 



The median age is 68 years 
Median follow-up period of 50 months

53% stage I
47% stage II-III

34% died from NSCLC

64% adenocarcinomas 
36% squamous cell carcinomas

Patients cohort



The majority of NSCLC cases expresses high levels of IDO2

A. Membrane reinforcement

B. Cytoplasmic expression

C. Staining at the tumor-stroma 
interface

D. Nuclear staining

Staining score 
- Sum of the intensity of the staining:
0: absent; 1+: mild; 2+: moderate; 3+: intense
- Percentage of tumor cells labeled:
0: 0%; 1: 1–25%; 2: 26–50%; 3: 51–75%; 4: 76–100%

Mandarano M, et al. Front Immunol. 2020

IDO2 low: 0 - 2 IDO2 high: 3 - 7



High expression of IDO2 is associated with a specific histotype

91% of patients who died from NSCLC 
present an high IDO2 expression

64% of NSCLC total cases are adenocarcinomas



High expression of IDO2 is associated with high PD-L-1 among
squamous carcinoma

No association between IDO2 expression and TIL density or IDO1 expression



Increased probability of death from NSCLC in patients expressing 
high levels of IDO2 

18% in IDO2H

28% in IDO2H



Conclusions

A consistent percentage (84%) of NSCLC has an intense membranous IDO2 staining

High co-expression of both PD-L-1 and IDO2 in the squamous cell carcinomas subgroup

High IDO2 expression correlates with a worse NSCLC outcome

The immunohistochemical assessment of IDO2 together with other molecules (such as 
PD-L-1) could allow us to better stratify the risk of patients with NSCLC, assuming that 
more than one biomarker influences the outcome of these tumors.
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