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A B S T R A C T   

Introduction: Malignant pleural mesothelioma (MPM) is a malignant disease of the pleura which recently can be 
treated with immune checkpoint inhibitors (ICI). To optimize this treatment, a better understanding of the tumor 
micro environment is needed. We investigated subgroups of immune cells in subsequent tumor biopsies of pa-
tients treated with ICI. 
Methods: Biopsies from MPM patients included in two clinical ICI trials (nivolumab alone and an ipilimumab/ 
nivolumab combination) were examined. At baseline and after 6 weeks of treatment, pleural biopsies were taken 
to examine the tumor microenvironment (CD20+, CD4+, CD8+, FoxP3+ and PD-1+ ). Cell density was defined 
as the number of marker positive cells per mm2. Radiological responses were evaluated as partial response, stable 
disease or progressive disease according to modified RECIST criteria. 
Results: Thirty-four and 36 patients were included in the nivolumab and ipiliumumab/nivolumab trial respec-
tively. In the nivolumab trial, no significant differences in cell densities were seen in baseline biopsies of patients 
with partial response versus progressive disease. In contrast, in the ipilimumab/nivolumab trial, a higher cell 
density of CD4+, CD8+, FoxP3+ and PD-1+ cells at baseline was significantly correlated with partial responses. 
On-treatment biopsies of both trials did not show significant changes when compared to baseline biopsies. 
Conclusion: Biopsies from patients responding to nivolumab plus ipilimumab treatment show a significant higher 
cell density of CD4+, CD8+, FoxP3+ and PD-1+ cells, without a change after 6 weeks of treatment. This 
observation is a first step in exploring the tumor microenvironment as predictor of response in ICI treatment in 
MPM.   

1. Introduction 

Malignant pleural mesothelioma (MPM) is a rare malignant tumor 
arising from the mesothelial cells of the pleura. It is mainly caused by 
exposure to asbestos, with a latency time between exposure and diag-
nosis of 30 to 50 years [1]. 

For decades, standard systemic treatment for MPM was combination 
chemotherapy consisting of platinum plus pemetrexed. But recently 
immune checkpoint inhibitor (ICI) treatment with nivolumab (anti-PD-1 
antibody) and ipilimumab (anti-CTLA-4-antibody) was approved as first 
line therapy, following the results of the phase III Checkmate 743 trial. 
This study showed a survival benefit of combination ICI treatment over 

standard chemotherapy (18.1 versus 14.1 months, HR 0.74 (96.6 % CI 
0.60–0.91, p = 0.002)) [2]. 

Unfortunately, ICI treatment is not effective in all patients and may 
lead to side effects. A better understanding of MPM and its microenvi-
ronment is needed to select the proper patients for ICI treatment. The 
tumor micro-environment (TME) plays an important role in the response 
to ICI therapy. The TME in MPM is composed of stromal, endothelial and 
immune cells and has a heterogenous distribution in the pleural cavity. 

We investigated the possible impact of subgroups of immune cells in 
subsequent tumor biopsies of patients treated with ICI. 
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2. Materials and methods 

Patients from the Nivomes (NCT02497508) [3] and Initiate 
(NCT03048474) [4] clinical trials were included in this analysis. In these 
two single center phase II trials, patients with recurrent MPM were 
treated with nivolumab monotherapy (Nivomes) or nivolumab plus 
ipilimumab (Initiate). In both trials pleural biopsies were taken at 
baseline and after 6 weeks of treatment and stored formalin-fixed 
paraffin-embedded (FFPE). 

For nivolumab treated patients, two multiplex immunofluorescence 
panels were used. Panel 1 included antibodies against CD4, FOXP3, 
CD68, CD163, pancytokeratin (panCK) and DAPI to identify all nucle-
ated cells. Panel 2 included antibodies against CD8, PD-1, CD20, panCK 
and DAPI. Macrophage markers (CD68 and CD163) of panel 1 could not 
be validated and evaluated. For the nivolumab plus ipilimumab trial, 
immunohistochemistry staining was performed for CD4, CD8, FoxP3 
and PD-1. 

The stained slides were annotated and analyzed using HALO soft-
ware for counting and calculating the percentage of all nucleated cells. 
Cell density was defined as the number of marker positive cells per mm2. 
Details about stainings and HALO software are provided in the supple-
mentary methods. 

In both trials, PD-L1 staining was performed. In the nivolumab trial, 
the PD-L1 expression on tumor cells (TCs) and tumor infiltrating im-
mune cells (ICs) was assessed using the 28–8 antibody (EnVisio, Agilent 
Dako, Santa Clara, Ca). In the nivolumab plus ipilimumab trial, PD-L1 
expression was assessed using the 22C3 antibody (pharmDx Agilent 
Technologies, Santa Clara, CA). In both trials, expression on TCs and ICs 
was scored as negative (<1% PD-L1 positive cells) or positive (≥1% PD- 
L1 positive cells) and as a percentage. Readers were blinded to patient 
outcomes. 

Responses were monitored via computed tomography (CT) scans and 
evaluated according to modified Response Evaluation Criteria in Solid 
Tumors (mRECIST) for mesothelioma [5] and reported as partial 
response (PR), stable disease (SD) and progressive disease (PD). Re-
sponses were evaluated at 24 weeks. Patients were monitored every-six 
weeks thereafter (every-eight weeks after 24 weeks of treatment) to 
calculate the median progression free survival (mPFS) and median 

overall survival (mOS). 
A Wilcoxon rank-sum test was used to test for response group simi-

larity based on cell densities, where a rejection region of p < 0.05 was 
regarded significant. Multiple testing correction was performed on all P- 
values where applicable, using the Bonferroni correction. 

3. Results 

Thirty-four patients treated with nivolumab and thirty-six treated 
with nivolumab plus ipilimumab, were included. At the time of analysis, 
median follow-up time for the Nivomes trial was 58.6 months. The 
updated results show a mPFS of 2.6 months (95 % CI: 2.2 – 5.5) and a 
mOS of 11.8 months (95 % CI: 9.7 – 15.7). Median follow-up time for the 
Initiate patients was 46 months (95 % CI 44.2 – 46.4 months). The 
updated results show a mPFS of 6.2 months (95 % CI 4.2 – 11.0) and a 
median OS of 22.9 months (95 % CI 12.6 – 32.6). 

At baseline, pleural biopsies were obtained from all patients. After 6 
weeks of treatment, 31 and 32 on-treatment biopsies were taken from 
respectively nivolumab and nivolumab plus ipilimumab treated pa-
tients. Not all on-treatment biopsies were evaluable: some only con-
tained muscle tissue, others only fibrotic connective tissue or necrosis. 

4. Baseline biopsies 

At baseline, in the nivolumab alone group, no significant differences 
in cell densities of CD20+, CD4+, CD8+ and FoxP3+ were seen in bi-
opsies of patients with partial response versus progressive disease. 
(suppl Fig. 1). 

In contrast, in the nivolumab plus ipilimumab trial, a significant 
higher cell density of CD4+ (p = 0.002), CD8+ (p = 0.001), FoxP3+ (p 
= 0.001) and PD-1+ (p = 0.012) cells was observed in patients achieving 
a partial response compared to those with progressive disease. (Fig. 1). 

5. On-treatment biopsies 

Cell densities of CD20+, CD4+, CD8+ and FoxP3+ in the nivolumab 
trial showed no significant change nor difference after six weeks of 
treatment, not for all responses taken together, nor for partial response 

Fig. 1. number of CD4+, CD8+, FoxP3+ and PD-1+ cells per mm2 at baseline in the nivolumab plus ipilimumab trial, comparing patients with progressive disease 
(PD) with partial response (PR) at 24 weeks. 
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and progressive disease separately. On-treatment biopsies in nivolumab 
trial showed no difference between patients having PR or PD (data not 
shown). 

In the nivolumab plus ipilimumab trial no significant change was 
seen in cell density of CD4+, CD8+, FoxP3+ and PD-1+ cells in patients 
having progressive disease or partial response (Fig. 2). 

6. PD-L1 expression 

PD-L1 expression on tumor cells or immune cells was not signifi-
cantly correlated with PFS or OS (data not shown). Positive PD-L1 
expression (≥1 %) on immune cells was correlated with a higher cell 
density of CD4+, CD8+ and FoxP3+ positive cells in both nivolumab as 
nivolumab plus ipilimumab group. (suppl Fig. 2) This correlation was 
not observed when looking at PD-L1 expression on tumor cells. 

7. Discussion 

In the nivolumab plus ipilimumab study, biopsies of patients with a 
partial response have a higher cell density of CD4+, CD8+, FoxP3+ and 
PD-1+ cells, as compared to biopsies from patients having progressive 
disease. This is not seen in patients treated with nivolumab alone. 

Immune cells in the TME can influence tumor growth and mediate 
response to therapy. In different tumor types it is shown that the density 
of tumor-infiltrating lymphocytes (TILs) is associated with response to 
anti-PD-1 treatment [6] Not only cell density itself, but also the type of 
immune cells is important; for example, infiltration of CD8+ cytotoxic T 
cells is associated with higher ORR, longer disease free and overall 
survival in NSCLC [7]. 

The TME in MPM is known to be highly immune suppressive, with 
the presence of a large amount of tumor associated macrophages, 
myeloid derived suppressor cells and regulatory T cells. Conflicting data 
on T cell subsets exists. Some studies in MPM suggest that higher levels 
of CD8+ T cells have a favourable prognostic impact while others found 
that higher levels are associated with a lower survival [8,9] Higher 
levels of CD4+ and CD20+ cells and lower levels of FoxP3+ cells are 
linked to a better outcome, irrespective of therapy [8,10]. Until now, no 
prospective study has been performed with analysis of biopsies in MPM 
patients treated with ICI. 

In our trial we hoped to identify changes in the TME but no signifi-
cant change in immune cell subsets was observed after 6 weeks of 
treatment with nivolumab (plus or minus ipilimumab). Therefore, on– 
treatment biopsies of mesothelioma do not seem to add information on 
prediction of effect of ICI treatment, in contrast to melanoma, where 
adaptive immune signatures in early treatment biopsies are predictive of 
response to ICIs [11]. 

In this study we focused on the extreme responses, progressive dis-
ease and partial response, to find a signal in studies with a relatively low 
number of patients. We deliberately excluded patients with stable dis-
ease since response analysis in patients with MPM is notoriously diffi-
cult. Mesothelioma spreads around the pleura in a circular way making 
treatment response difficult to determine with unidimensional mea-
surements via modified RECIST criteria. 

In our Initiate trial, PD-L1 expression on tumor cells and immune 
cells was predictive of response to nivolumab plus ipilimumab [4], but 
did not correlate with PFS or OS. In larger phase III trials, PD-L1 
expression on tumor cells was not predictive of response to ICI treat-
ment in MPM [2,12]. Expression on immune cells was, however, not 
reported. We demonstrated that positive PD-L1 expression (≥1 %) on 
immune cells but not on tumor cells is correlated with a higher cell 
density of CD4+, CD8+ and FoxP3+ positive cells in both the nivolumab 
and in the nivolumab plus ipilimumab group, pointing to a more 
inflamed environment. Which of the immune-cells co-expressed PD-L1 is 
not known from our studies. 

The prognostic or predictive value of TIL infiltration or specific T cell 
subsets alone may be a too simple reflection of reality; integrating 
expression of proliferation markers, inhibitory receptors, cytokines, 
sequencing or gene expression data is needed to provide more detailed 
information on the TME and effect of ICI treatment. 

Limitations of this study may be the sample size and limited number 
of representative on-treatment biopsies. In some patients having a par-
tial response, it was not possible to take a biopsy anymore, or only ne-
crosis was found. Also the timing of the biopsy after 6 weeks of 
treatment could have influenced the effect. In peripheral blood of lung 
cancer patients, changes in CD8 subsets are already seen within 4 weeks 
of PD-1 treatment [13]. 

Although comparable patient groups were included in both ICI trials, 
they were not designed to be compared with each other. Besides that, 

Fig. 2. The number of CD4+, CD8+, FoxP3+ and PD-1+ positive cells per mm2 in the nivolumab plus ipilimumab trial, comparing baseline with 6 weeks on- 
treatment biopsies in patients with progressive disease (PD)(upper plots) and partial response (PR) (lower plots) at 24 weeks. 
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different staining techniques were used for the biopsies. The immuno-
fluorescence technique in the nivolumab trial was performed many 
years ago and was hard to validate, and not all markers (that is CD68 and 
CD163) could be used. Therefore, for the successive nivolumab plus 
ipilimumab trial, immunohistochemistry was used. This makes it diffi-
cult to compare both trials. 

Based on recent publications, it would be interesting to focus on the 
non-epithelioid subgroup, since that has a different micro-environment 
[9] and a larger benefit of ICI treatment compared to the epithelioid 
subgroup [2]. Brockwell found high proportions of T lymphocytes and 
CD45RO+ cells in sarcomatoid MPM having prolonged progression free 
and overall survival to ICI treatment [14]. In our study there were not 
enough biopsies available to draw any conclusions on the subgroup of 
non-epithelioid MPM. 

In conclusion, biopsies from patients responding to nivolumab plus 
ipilimumab treatment show a significant higher cell density of CD4+, 
CD8+, FoxP3+ and PD-1+ cells at baseline, but no specific changes after 
6 weeks of treatment. This observation is a first step in exploring the 
TME as a predictor of response to guide ICI treatment in MPM. Larger 
studies are needed, with more detailed analyses of the TME. 
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