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Abbreviations
AUC  Area under the curve
CT  Computed tomography
CTLA4  Cytotoxic T-lymphocyte antigen4
DCR  Disease control rate
DHA  DNA hypomethylating agent
ICOS  Inducible costimulator
Ig  Immunoglobulin
Iv  Intravenous
mAb  Monoclonal antibody
MM  Malignant mesothelioma
MRI  Magnetic resonance imaging
OS  Overall survival
PD  Progressing disease
PD-1  Programmed cell death 1
PD-L1  Programmed cell death ligand 1
PD-L2  Programmed cell death ligand 2
RECIST  Response evaluation criteria in solid tumors
RR  Response rate
TTP  Time to progression
W  Week
Wks  Weeks

Achievements, failures, and future role of cytotoxic 
and targeted therapy

First-line and maintenance therapy

Malignant mesothelioma (MM) is a very poor prognosis 
human neoplasm, whose incidence is increasing worldwide 
due to exposure to asbestos [1]. Caused by its insidious 

Abstract No second-line treatment significantly prolongs 
the survival of malignant mesothelioma patients who have a 
high unmet medical need. Here, we comment on the thera-
peutic potential of cytotoxic T-lymphocyte-associated protein 
(CTLA)4-blockade by the anti-CTLA4 monoclonal antibody 
(mAb) tremelimumab of refractory malignant mesothelioma 
patients. We also focus on the critical role of an accurate tumor 
assessment in the course of treatment with immunomodulat-
ing mAb. Finally, treatment with potentially effective, second-
generation checkpoint(s) inhibiting mAb, as well future com-
bination strategies in this deadly disease, will be discussed.
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pattern of local spreading, only few patients are candidate 
to surgery, generally within a multimodality treatment 
including chemotherapy and radiotherapy [2]. The role 
of surgery, however, is highly debated, and most patients 
receive chemotherapy alone as first-line therapy [3]. Based 
on the results of a Phase III trial comparing the combina-
tion of cisplatin and pemetrexed with cisplatin alone, this 
doublet regimen has been set as the standard first-line treat-
ment for pleural MM, with a response rate (RR) of 41.3 %, 
a median time to progression (TTP) of 5.7 months, and a 
median overall survival (OS) of 12.1 months [4]. Aiming 
to reduce cisplatin toxicity, schedules with carboplatin have 
been implemented, with comparable results in terms of dis-
ease control rate (DCR) and survival outcomes, but with 
a more favorable toxicity profile [5]. Studies evaluating 
3-drug regimens with the addition of a targeted agent (par-
ticularly bevacizumab) have shown no improvement in RR 
and OS [6]. There is no consensus on the optimal duration 
of first-line chemotherapy in MM; therefore, 4–6 cycles 
are usually administered [2]. Maintenance strategies are 
also being explored in order to prolong disease control in 
responding patients. A randomized Phase II study of con-
tinuation maintenance with pemetrexed versus observation 
alone is ongoing; recently, the negative results of a switch 
maintenance trial with the anti-angiogenic compound tha-
lidomide have been reported [7].

Second-line therapy

Second-line therapies are being increasingly used in MM 
clinical practice, but their role is still unproven, and the 
optimal regimen remains to be defined [8]. Published stud-
ies have frequently severe limitations, due to the small num-
ber and to the heterogeneity of patients included, and often 
to a retrospective design. In the few patients not previously 
treated with pemetrexed, data from an expanded access 
program and from a randomized Phase III study support 
the use of single-agent pemetrexed as a standard second-
line treatment [9]. However, most patients are pretreated 
with first-line pemetrexed-based chemotherapy; thus, no 
standard of care exists in this increasing group of patients 
that remains an ideal field in which to test new therapeutic 
agents [8]. The better understanding of the biology of MM 
has led to the assessment of a number of targeted agents in 
clinical trials. However, most studies with targeted thera-
pies have shown disappointing results. In a Phase III study 
enrolling 660 patients, platinum-/pemetrexed-pretreated 
patients were randomly assigned to receive vorinostat, a 
histone deacetylase inhibitor, or placebo; no difference 
in OS was observed in the intent-to-treat population [10]. 
Based on a strong preclinical rationale, great hope was 
placed in the use of angiogenesis inhibitors in the second-
line setting of MM; however, their clinical use has been 

more challenging than anticipated. RR has been generally 
less than 10 %, with 40–80 % of patients achieving short-
lived disease control; median TTP has been invariably 
around 3 months [11]. Second-line chemotherapy, mainly 
vinorelbine or gemcitabine, has limited efficacy in unse-
lected patients [8]. In MM cases with a prolonged response 
to first-line chemotherapy, re-treatment with a pemetrexed-
based regimen represents the best available therapy [12]. 
New treatment options are therefore eagerly awaited in the 
second-line setting of MM, and several ongoing studies are 
exploring new strategies such as validation of biomarkers 
in patient selection for chemotherapy, mesothelin-targeted 
therapies, and immunotherapy [13–15].

The evolving role of CTLA4 blockade

Targeting immune checkpoint(s) by immunomodulatory 
mAb is a novel and rapidly evolving strategy that will likely 
change the therapeutic landscape of human malignancies 
of different histotype, allowing achieving a long-term dis-
ease control and a significantly prolonged survival. Along 
this line, the therapeutic success achieved first in metastatic 
melanoma patients by the anti-CTLA4 mAb ipilimumab, 
has broadened its clinical investigation in multiple tumor 
types, and has prompted the clinical development of addi-
tional checkpoint blocking mAb [16–18].

Based on the upcoming evidences above, the MESOT-
TREM-2008 study (Clinicaltrial ID: NCT01649024) inves-
tigated the therapeutic potential of the anti-CTLA4 mAb 
tremelimumab (15 mg/kg once every 3 months) in unre-
sectable MM patients progressing to a first-line platinum-
based regimen. Two of the 29 treated patients achieved a 
long-lasting partial response, 7 had a prolonged stabili-
zation of disease (median duration 12.4 months), and the 
disease control rate was 31 % [15]. Selected patients expe-
rienced disease progression followed by a long-lasting 
partial response, as already demonstrated in melanoma 
patients treated with ipilimumab [19, 20]. This evidence 
broadens the notion that, at variance to cytotoxic/target 
therapies, treatment with anti-CTLA4 mAb can induce 
atypical patterns of clinical response and that a careful 
clinical and instrumental tumor assessment is mandatory 
before discontinuation of anti-CTLA4 therapy, as clinical 
benefits may be delayed in selected patients [20]. This lat-
ter aspect is even more relevant in MM patients in which 
tumor assessment requires specific radiologic expertise and 
ad hoc criteria, as further discussed in a separate section 
of this manuscript [21]. A long-lasting stable disease was 
achieved by 24 % of patients treated within the MESOT-
TREM-2008 study; moreover, landmark analysis at 1 and 2 
years identified survival rates of 48.3 and 36.7 % that com-
pare favorably with available data in MM patients [15, 22]. 
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Therefore, the MESOT-TREM-2008 study identified a pro-
portion of MM patients obtaining long-term clinical benefit 
from the treatment with tremelimumab, which is consistent 
with clinical data with ipilimumab in metastatic melanoma 
patients [23].

A critical and unsettled issue in the course of CTLA4 
blockade derives from the lack of reliable predictive bio-
markers of response to treatment. Treatment of MM 
patients with tremelimumab also demonstrated a sig-
nificant association between an early increase in circulat-
ing CD4+ICOS+ T lymphocytes and improved survival 
[15]. Once more, this finding corroborated previous data 
obtained with ipilimumab and suggested that the evaluation 
of CD4+ICOS+ T lymphocytes might represent a pharma-
codynamic tool to guide the use of anti-CTLA4 mAb, as 
discussed elsewhere [23, 24].

To corroborate the initial findings providing proof of 
concept that CTLA4 blockade bears an encouraging clini-
cal activity in MM patients, and in light of pharmacoki-
netic studies with tremelimumab further discussed in this 
manuscript, we activated the MESOT-TREM-2012 study 
(Clinicaltrial ID: NCT01655888). This second study 
explored a more intensive schedule of administration of 
tremelimumab at 10 mg/kg i.v. on day 1, q4 weeks (wks) 
for 6 doses (induction phase), followed by q12-week dos-
ing (maintenance phase), until progressing disease (PD) or 
severe toxicity in second-line MM patients (Table 1). The 
study has enrolled the planned 29 patients, and preliminary 
data have been presented at the ASCO meeting 2014 [25].

A model indication to re‑explore the role 
of tremelimumab

Development and progression of MM may have an 
immune-mediated component; thus, an agent such as 
tremelimumab that enhances T cell immune function might 
have relevant antitumor activity in MM patients [26, 27].

In a Phase III melanoma trial in the first-line meta-
static setting, tremelimumab (15 mg/kg Q90 days for 4 
doses in total) demonstrated a response rate of 11 %, and 
a median OS of 13 months compared to 11 months in the 

chemotherapy arm (DTIC/temozolomide) failing to demon-
strate a statistically significant survival advantage of treat-
ment with tremelimumab over standard-of-care chemo-
therapy [28]. One potential explanation for the failure of 
this study could be related to the underexposure that most 
patients experienced with the dose and schedule of tremeli-
mumab utilized in that trial (15 mg/kg Q90 days). A retro-
spective analysis of pharmacokinetic data from Phase II and 
Phase III studies of tremelimumab (15 mg/kg Q90 days) in 
patients with melanoma clearly showed an improvement in 
the OS for those patients who achieved a higher drug expo-
sure, as measured by the area under the concentration–time 
curve from time 0 to 90 days (AUC90). The survival anal-
ysis for patients in the tremelimumab arm of the Phase III 
study analyzed by AUC90 above or below the median AUC 
for the tremelimumab-treated arm showed a more favorable 
and prolonged median OS for subjects who had an AUC 
above the median, compared to those with an AUC below 
the median (16 vs. 10 months). This effect was consistent 
even in the multivariate analyses controlling for confound-
ing factors (e.g., lactate dehydrogenase, C-reactive protein 
level, and M1c stage status). The PK modeling developed 
at MedImmune also suggests that a higher tremelimumab 
exposure can be reached with a more frequent dosing sched-
ule. These latter results were also confirmed in MM patients 
treated with tremelimumab (data not shown).

Based on data demonstrating that tremelimumab can 
augment activation of the human immune system in MM, 
the biologic background of mesothelioma, the immunosup-
pression induced by asbestos, and the activity seen to date 
in the Italian investigator-sponsored MESOT-TREM-2008 
study, MedImmune has initiated a randomized, double-
blind, placebo-controlled study in adults with unresectable 
pleural or peritoneal MM, who progressed on 1 or 2 prior 
systemic treatment regimens including pemetrexed (or 
other anti-folate) in combination with a platinum agent in 
first line (Clinicaltrial ID: NCT01843374) [29]. Subjects 
will be randomized in a 2:1 ratio to receive either treme-
limumab or placebo. Randomization will be stratified by 
the European Organization for Research and Treatment 
of Cancer (EORTC) status (low-risk vs. high-risk), line of 
therapy (second vs. third), and anatomical site (pleural vs. 

Table 1  Clinical studies with tremelimumab in malignant mesothelioma patients

Study Agent Phase Accrual No. patients enrolled

MESOT-TREM-2008 (NCT01649024) Tremelimumab
second line

II Completed 29

MESOT-TREM-2012 (NCT01655888) Tremelimumab
second line

II Completed 29

D4880C00003 (NCT01843374) Tremelimumab versus PBO
second/third line

II Recruiting 564
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peritoneal). Approximately 564 subjects will be enrolled 
at approximately 180 study centers in multiple countries 
(Table 1).

Immunotherapy of MM: a radiologic challenge

Current imaging

Imaging plays an essential role in the evaluation of pleural 
MM. Chest radiography typically shows a unilateral pleural 
effusion in 30–80 % of patients that may obscure under-
lying pleural thickening or tumor masses, until thoracente-
sis is performed. Computed tomography (CT) is superior 

to radiography for the identification of early abnormalities 
in patients with MM to evaluate extension and morphology 
of the disease and represents the primary imaging modal-
ity used for diagnosis, staging, and response evaluation 
of MM [30, 31]. CT imaging suggesting radiologic diag-
nosis of MM includes unilateral pleural effusion in 70 % 
of patients and nodular pleural thickening in 90 %; nodu-
lar thickening can be discrete or diffuse with involvement 
of fissures. Calcified pleural plaques are found on CT in 
approximately 20 % of patients [32]. Although CT is the 
most commonly used modality for the evaluation of lymph 
node, its accuracy remains suboptimal because enlarged 
nodes alone do not prove nodal involvement [33]. Magnetic 
resonance imaging (MRI) can provide additional staging 

Fig. 1  CT scans of a patient with pleural MM treated with tremelimumab. Tumor assessment was done at baseline (a), W12 (b), W24 (c), and 
W36 (d). The patient achieved a partial response (c, d) after initial PD at w12 (b)
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information; the excellent contrast resolution of MRI can 
allow improved detection of tumor extension, especially to 
the chest wall and to the diaphragm. A recent study showed 
that MRI is superior to CT in revealing invasion of the dia-
phragm and of the endothoracic fascia, or a single chest 
wall focus [34].

Novel tumor evaluation criteria

Assessment of response with conventional criteria based 
on CT measurement is challenging in MM, because the 
growth pattern of the disease makes the use of response 
evaluation criteria in solid tumors (RECIST) difficult. 
Modified RECIST (mRECIST) were therefore developed 
based upon speculation that RECIST did not address the 
unique shape of mesothelioma tumors with the pleural rind 
and thus led to inaccurate measurement [35]. The mRE-
CIST guideline is currently the standard for the assess-
ment of treatment response in MM, while bidimensionally 
measurable lesions, such as mediastinal lymph nodes and 
abdominal lesions, continue to be recorded unidimension-
ally as for RECIST.1.1 [21]. Although mRECIST are being 
used in most current clinical trials, they have been criti-
cized based on the high degree of inter-observer variability 
documented in the assessment of tumor response classifica-
tion in MM [36]. Furthermore, increasing clinical experi-
ence indicates that traditional response criteria may not be 
sufficient to fully characterize the clinical activity of immu-
notherapy, due to the different profile of response in which 
an initial increase in tumor burden can be followed by an 
objective tumor response once an effective anti-tumor 

immune response develops (Fig. 1). In these specific cases, 
conventional RECIST may not adequately assess the activ-
ity of immunotherapeutic agents, because initial PD does 
not necessarily reflect therapeutic failure. Immuno-related 
response criteria were therefore proposed to avoid this 
issue and should be adopted in these setting [20]. In spite 
of these considerations, radiology expertise is crucial to 
improve the accuracy of response evaluation along with the 
development of alternative measurement modalities using 
direct assessment of tumor volume and metabolic imaging.

Immunomodulating antibodies in MM: the future 
ahead

New treatment horizons are opening for MM patients, in 
which CTLA4 blockade represents a novel and highly prom-
ising clinical strategy that may eventually lead to a thera-
peutic paradigm shift. A further step to improve the clini-
cal outcome of MM patients will likely involve targeting or 
co-targeting of additional immune checkpoint(s) by immu-
nomodulating mAb that are currently under active clinical 
development in other tumor types. Among these, targeting 
the co-inhibitory receptor programmed cell death 1 (PD-
1) and its main counter-receptor PD ligand 1 (PD-L1) is 
showing encouraging clinical activity in patients with meta-
static melanoma, renal and lung cancer; along this line, the 
combination of PD-1 and CTLA4 blockade seems to have 
superior efficacy though with an increased toxicity [37, 38]. 
Opposite to CTLA4, PD-1 is primarily involved in modu-
lating T cell activity in peripheral tissues and in the tumor 
microenvironment by interacting with its ligands, PD-L1 and 
PD-L2. In addition to its prognostic potential, it has been 
recently suggested that PD-L1 expression on tumor tissues 
may represent a predictive marker of response to treatment 
with anti-PD-1/PD-L1 blocking mAb [39–41]. In spite of 
these initial findings, emerging evidences demonstrate that 
PD-L1-negative tumors can also respond to treatment with 
PD-1/PD-L1 blocking mAb, though to a lower extent [42]; 
therefore, the search for predictive biomarker to treatment 
with anti-CTLA4 blocking mAb and with novel immu-
nomodulating mAb remains an area of active investigation. 
To provide initial insights on the foreseeable role of PD-L1 
in MM, we demonstrated that 60 % of investigated MM cell 
lines expressed PD-L1 (Table 2; Fig. 2). Though preliminary, 
these results corroborate the rationale to design a clinical 
study with PD-1/PD-L1 pathway blockade in MM patients. 

Additional ways to improve the efficacy of checkpoint(s) 
blocking mAb will likely derive from combinations with 
other immunomodulatory compounds, including DNA 
hypomethylating agents (DHA) [43]. Along this line, we 
recently hypothesized that immunomodulatory agents act-
ing at tumor site can represent useful therapeutic “partners” 

Table 2  Expression of PD-L1 in human mesothelioma cell lines

PD-L1 expression in human MM cell lines was analyzed by flow 
cytometry using anti-PD-L1 mAb as well as isotype control mAb 
IgG. Peripheral blood mononuclear cells (PBMC) resting and acti-
vated were used as negative and positive controls (CTR), respectively

MFI mean fluorescence intensity

Cells Histology PD-L1

% MFI

PBMC resting (CTR−) 1 4

PBMC activated (CTR+) 89 39

MES-MM-98 Sarcomatoid 98 75

MES-1 Epithelioid 26 11

MES-2 Epithelioid 81 21

MES-OC-99 Sarcomatoid 23 7

MMCA Epithelioid 34 8

MES-CM-98 Epithelioid 13 6

MPP-89 Epithelioid 84 38

REN Epithelioid 53 17

MMB Epithelioid 49 12
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of CTLA4 blocking mAb, in order to target host’s immune 
system on one hand, and to improve the immunogenicity 
and immune recognition of neoplastic cells on the other 
[43]. Ongoing experiments will hopefully provide experi-
mental support to this hypothesis, eventually leading to test 
also this combination in the clinical setting of MM.

Much remains to be gained in the therapeutic landscape 
of MM; however, immune checkpoint(s) blockade is defini-
tively revitalizing the clinical role of immunotherapy in this 
still highly deadly disease.
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