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RELAZIONE:  
 
In the last years, immunotherapy, and in particular, the use of anti-PD-1 monoclonal antibodies (mAbs) 

nivolumab and pembrolizumab and the anti-PD-L1 atezolizumab, have been approved for the treatment of 

several tumors, included melanoma, non-small cells lung cancer (NSCLC), renal cell carcinoma (RCC) and 

advanced bladder cancer, changing their clinical outcome.  

Nevertheless, the exact determinants of response to anti-PD-1 therapies are not fully understood, and the 

absence of predictive biomarkers of response reduces the possibility of selecting patients and monitoring the 

effectiveness of therapy. 

The present research was aimed to evaluate the circulating PD-L1 expression as prognostic and/or predictive 

biomarker of clinical outcome, in response to the anti-PD-1 agents nivolumab and pembrolizumab in 

melanoma, NSCLC and RCC, and to the anti-PD-L1 agent atezolizumab in advanced bladder cancer. 

Preliminary results have been conducted in both plasma-derived exosomes and platelets with the aim to 

determine the suitable source of RNAs for PD-L1 detection and to define the best source to perform a more 

“precise” analysis with a prognostic and/or predictive clinical value. As reported in Table 1, the expression of 

PD-L1 in NSCLC and RCC patients treated with nivolumab has been detected using both sources.  
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 Follow-up (1) Follow-up (2) 

Id 
Exosome RNAs 

(copies/ml) 
Platelet RNAs 

(copies/ml) 
Exosome RNAs 

(copies/ml) 
Platelet RNAs 

(copies/ml) 

NSCLC-1 380 72000 300 141000 
NSCLC-2 1700 11700   
NSCLC-3 330 9500 400 460 
NSCLC-4 650 770 1000 16000 
NSCLC-5 530 122000 310 4800 
NSCLC-6 360 9000   
NSCLC-7 900 74000   
NSCLC-8 700 10000 380 31700 

RCC-1 300 9000   
RCC-2 310 570   
RCC-3 470 1100   
RCC-4 800 88000   

 

Table 1. Data of PD-L1 expression in NSCLC and RCC patients in treatment with nivolumab, expresses as 

copies/ml, derived from different biological sources (exosomes and platelets). 

 

Unfortunately, the high number of copies/ml of PD-L1 detected in platelets was associated with the presence 

of white blood cells expressing high levels of PD-L1 that “falsifies” the results. 

For this reason, the following results have been conducted using plasma-derived exosomes as a more specific 

source for tumor PD-L1 expression detection. 

To date, in collaboration with the Medical Oncology and Pathology units of the Department of translational 

research and new technologies in surgery and medicine (University Hospital of Pisa), we have obtained blood 

samples (6 ml/sample) of selected oncological patients at different follow-up (Table 2). 

 

Type of cancer 
Enrolled Patients 

(n) 

Blood Samples (n)  

Follow-up 

1 2 3 4 5 6 7 8 9 10 

Melanoma 50 50 38 29 25 19 12 6 4 2 1 
NCSCL 21 21 10 7 5 2 1 1 1 - - 

RCC 8 8 - - - - - - - - - 
Bladder 5 5 - - - - - - - - - 

Table 2. Numbers of enrolled patients and blood samples collected until August 2017. 

 

The first analyses were conducted on patients with known radiological clinical outcome, evaluating the PD-

L1 expression in plasma-derived exosomes of baseline time (before initiation of anti-PD-1 or -PD-L1 mAbs or 

at the time of last available radiological evaluation of disease response) and after two months of treatment 

(at the time of first response evaluation or disease re-assessment).  

Eighteen patients (12 M; 6 F – median age 71) affected by melanoma were primary analyzed. Exosomes were 

extracted from plasma using the exoRNeasy kit (Qiagen, Valencia, CA, USA) and PD-L1 expression was 

measured using the One-Step RT-digital droplet PCR kit (BioRad, Hercules, CA, USA) to determine the target 

concentration as copies/ml in the samples and to correlate with the clinical outcome. Exosomal PD-L1 was 

detectable in 16/18 patients and undetectable in 2 subjects with partial response (PR) to treatment. Among 

all melanoma patients there were 10 complete or partial responses (CR/PR), 2 disease stabilisations (SD) and 
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6 disease progressions (PD). Overall, the number of copies of mRNA PD-L1/ml plasma varied according to 

tumor response; in particular, an increase was found in patients with PD and a decrease was observed in 

patients who achieved a CR/PR (Table 3).  

Similar results were obtained analysing 8 NSCLC patients (5 M; 3 F – median age 64). Exosomal PD-L1 was 

detectable in 7/8 patients and undetectable in 1 subject. Among NSCLC patients there were 2 PR, 2 SD and 4 

PD. Overall, the copies/ml of PD-L1 mRNA were correlated with tumor response, with clear increase in 

patients with PD and decrease in patients who achieved a PR; while a modest variation was seen in patients 

with SD. One patient died at the first follow-up because of PD; accordingly, the amount of PD-L1 in plasma 

was increasing. A description of PD-L1 changes in melanoma and NSCLS patients is reported in Table 3.  

 

Patients Tumor type Treatment 
PD-L1 baseline 

(copies/ml) 
PD-L1 2 months 

(copies/ml) 
Response 

1* Melanoma Nivolumab 500 240 ↓ CR 
2ƚ Melanoma Pembrolizumab 2000 1000 ↓ CR 
3* Melanoma Pembrolizumab 140 70 ↓ PR 
4 Melanoma  Pembrolizumab 2500 0 ↓ PR 
5 Melanoma  Pembrolizumab 180 220 = PR 

6* Melanoma Pembrolizumab 1045 520 ↓ PR 
7* Melanoma Pembrolizumab 215 80 ↓ PR 
8* Melanoma Pembrolizumab 600 80 ↓ PR 
9* Melanoma Pembrolizumab 405 0 ↓ PR 
10 Melanoma Pembrolizumab 350 100 ↓ PR 

11* NSCLC Nivolumab 1700 400 ↓ PR 
12* NSCLC Nivolumab 330 200 ↓ PR 

       

13 Melanoma Pembrolizumab 190 160 = SD 
14 Melanoma Pembrolizumab 95 260 ↑ SD 

15* NSCLC Nivolumab 380 280 ↓ SD 
16* NSCLC Nivolumab 530 290 ↓ SD 

       

17*ƚ Melanoma Pembrolizumab 90 360 ↑ PD 
18* Melanoma Nivolumab 115 210 ↑ PD 
19* Melanoma Nivolumab 495 550 ↑ PD 
20 Melanoma Pembrolizumab 90 200 ↑ PD 
21 Melanoma Pembrolizumab 0 140 ↑ PD 
22 Melanoma Pembrolizumab 70 500 ↑ PD 
23 NSCLC Nivolumab 270 700 ↑ PD 
24 NSCLC Nivolumab 0 140 ↑ PD 
25 NSCLC Nivolumab 260 360 ↑ PD 

26*ƚ NSCLC Nivolumab 650 1000 ↑ PD 

 

Table 3. PD-L1 copies/ml in plasma-derived exosomes vs tumor response in patients treated with 

pembrolizumab or nivolumab for metastatic melanoma or NSCLC (modified by submitted article by Del Re 

et al. 2017). *: obtained during treatment at the time of first available assessment of disease status; CR: 

complete response; PR: partial response; SD; stable disease; PD: progression disease; ƚ: death. 

 

These preliminary results demonstrate for the first time that changes in exosomal PD-L1 expression occur in 

melanoma and NSCLC patients treated with nivolumab or pembrolizumab and may correlate with the 

radiological tumor response. In addition, these results also demonstrate the feasibility of analysing PD-L1 

expression in plasma-derived exosomes, monitoring its variations during treatment with immune-checkpoint 

inhibitors, and suggesting its possible role as predictive and/or prognostic biomarkers in several solid tumors 

treated with anti-PD-1 drugs. 
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Moreover, basing on a recent study published by Nomizo and co-workers (Nomizo T, et al. Sci Rep. 

2017;7:45124), in this research has been analysed the impact of two PD-L1 SNPs (rs2282055 and rs4143815) 

to define their possible role as biomarkers for the efficacy of immunotherapeutic drugs in term of objective 

response rate (ORR) and progression free survival (PFS).  

Starting from the whole blood of the same patients, germline DNA was extracted using the EZ1 DNA 

Blood 200 µl Kit (Qiagen, Valencia, CA, USA) and analyzed by real time PCR (Taqman© SNP Genotyping Assay 

- Applied Biosystems, Foster City, CA).  The detected genotypes for each analyzed patient are summarized in 

Table 4A. In Table 4B are reported the genotypic and allelic frequencies and the Hardy-Weinberg equilibrium 

(HWE) performed by using Arlequin software. In details, minor allele frequency (MAF) for the investigated 

polymorphisms was comprised in the range 0.156-0.344, and the HWE was demonstrated for all SNPs (Table 

3B). Furthermore, PD-L1 loci were in linkage disequilibrium (D’=0.581).  

 

A Patients Tumor type Treatment 
PD-L1 SNP 
rs2282055 

PD-L1 SNP 
rs4143815 

Response 

 1* Melanoma Nivolumab TT GG CR 
 3* Melanoma Pembrolizumab TT GC PR 
 5 Melanoma  Pembrolizumab TG GC PR 
 6* Melanoma Pembrolizumab TT CC PR 
 7* Melanoma Pembrolizumab TT GC PR 
 8* Melanoma Pembrolizumab GG GC PR 
 9* Melanoma Pembrolizumab TT GG PR 
 10 Melanoma Pembrolizumab TT GG PR 
 11* NSCLC Nivolumab TT GC PR 
 12* NSCLC Nivolumab TG GC PR 
       

 14 Melanoma Pembrolizumab TT GG SD 
 15* NSCLC Nivolumab TT GC SD 
       

 19* Melanoma Nivolumab TG GC PD 
 20 Melanoma Pembrolizumab TT GC PD 
 23 NSCLC Nivolumab TT GG PD 
 24 NSCLC Nivolumab TT GG PD 

 

 

B Gene and 
SNPs 

Genotype Frequency Allele Frequency HWE 

 
PD-L1 

rs2282055 

TT 0.750 T 0.844 χ2: 1.335 
 TG 0.188 G 0.156 P: 0.248 
 GG 0.063    
 

PD-L1 
rs4143815 

GG 0.375 G 0.656 χ2: 0.974 
 GC 0.563 C 0.344 P: 0.324 
 CC 0.063    

 

Table 4. A) Detected genotypes obtained for rs2282055 and rs4143815 PD-L1 SNPs for each analysed 

patient. *: obtained during treatment at the time of first available assessment of disease status; CR: 

complete response; PR: partial response; SD; stable disease; PD: progression disease; ƚ: death. 

B) Distribution of genotypic and allele frequencies for investigated polymorphic loci in PD-L1 

gene. For all loci, the Hardy-Weinberg equilibrium (HWE) was demonstrated.  

 

Nevertheless, due to the small number of analyzed samples, no correlation has been found between patient 

genotype and their clinical outcome. A major investigation, that will include a greater number of samples 

could permit to validate the effective role of these SNPs in relation to treatment response and disease status. 
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