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ABSTRACT: Malignant Pleural Mesothelioma (MPM) is an aggressive malignancy highly resistant 

to chemotherapy, with a response rate of 20% of patients and for this reason an efficient treatment 

is still a challenge. Platinum-based chemotherapy in association with a third-generation antifolate is 

the front-line standard of care whereas any second-line treatment was approved for MPM thus 

making it a pathology that evokes the need for new therapeutic agents. Different platinum-drugs 

were synthesised and tested as an option for patients who are not candidates to cisplatin-based 

therapy. Among these, monofunctional cationic antineoplastic platinum compounds received a 

special attention in the last decade. Alternative strategies to the commonly used combination-therapy 

resulted from the use of Mesenchymal Stromal Cells (MSC) widely used in the field of regenerative 

medicine and recently proposed as natural carriers for a selective delivery of chemotherapeutic 

agents and from the use of immune checkpoint and kinase inhibitors. The present short review shed 

light on the recent state of art and the future perspectives relative to MPM therapy. 

Malignant Pleural Mesothelioma (MPM) 

MPM is a rare, fatal, asbestos-associated malignancy originating in the mesothelial cells of 

the pleura. It tends to grow over the serosal surface and finally encases the lung, causing 

death by asphyxiation.[1, 2] The association between asbestos exposure and the later 

development of MPM has been widely documented.[3] Whilst the incidence of MPM in the 

USA peaked in 2004, incidence rates in Europe and Japan are projected to peak in 2020 

and 2025 respectively.[4, 5] There are three major histopathologic types of MPM: epithelioid, 

sarcomatoid and biphasic, being the epitelioid form the most prevalent type.[6] Biologically, 

MPM is difficult to defeat because it spreads aggressively within the affected hemothorax, 

is highly resistant to conventional chemotherapeutic agents and exhibits a propensity to 



recur at local surgical margins following resection.[1] Trimodal therapy with chemotherapy, 

surgery and radiation has produced overall median survivals in the range of 1-2 years; a 

platinum-based doublet containing a third-generation antifolate (pemetrexed (PMX) or 

raltitrexed) is the front-line standard of care whereas there are no approved second-line 

treatments for MPM which remains a disease setting to test the efficacy of new therapeutic 

agents.[7] 

New platinum complexes for MPM treatment  

New drugs and tailored treatments are highly desired to improve the outcome of MPM 

patients. Thus, the design of new platinum compounds was conducted and realised for 

obtaining drugs with stronger pharmacological properties, less toxicity and more favourable 

therapeutic indices if compared to cisplatin. The family of platinum complexes binds directly 

to DNA, resulting in the formation of DNA-platinum adducts, i.e. intra- and interstrand DNA 

crosslinks, that impede a proper cell division. 

The lead compound, cisplatin, is a widely used chemotherapeutic agent which acts primarily 

via DNA damage and subsequent induction of apoptotic cell death including mitochondrial 

depolarization and characteristic membrane changes. Several studies have examined the 

functional inhibitory effects of surviving in mesothelioma cell lines depending on apoptotic 

morphology and in caspase-independent pathways in response to cisplatin. Platinum 

resistance is considered multi-factorial and includes both mechanisms that limit the 

formation of platinum-DNA adducts as well as mechanisms that prevent cell death following 

drug-induced damage.[8] 

In this context, different platinum(II) and (IV) complexes were synthesised and evaluated 

because optimal delivery of cytotoxic Pt(II) agents is of paramount importance to widen their 

therapeutic index. Reduced cellular accumulation of platinum either by impaired uptake or 

increased efflux is often found in cells selected for cisplatin resistance, both in vivo and in 

vitro, and it is often considered as one of the most consistent characteristics of platinum 

resistant cells. Previously, passive diffusion through the cellular lipid bilayer was the 

dominant process involved in drug uptake and distribution. However, more recently, the 

concept of carrier mediated and active uptake of commonly prescribed drugs, has become 

rule rather than exception. Cisplatin passes through the cellular lipid bilayer by both passive 

diffusion and facilitated transport involving the copper transporter proteins, in particular 

Ctr1.[9] Membrane transporters and channels, collectively known as the transportome, 

could be exploited for predicting the platinum sensitivity/resistance of the tumour and the 



critical pharmacokinetic parameters and determining the severity of platinum-associated 

adverse events. 

On the contrary, its Pt(IV) congeners are believed to cross cellular membrane by passive 

diffusion only, since their reactivity towards transport proteins has been found negligible. 

The intracellular reduction from Pt(IV) to Pt(II) oxidation state resulted in the formation of the 

cisplatin metabolites subsequent to the diffusive pathway due to their high lipophilicity. The 

fine tuning of the reduction potential and the lipophilicity of the complex can be modulated 

by introducing differently long saturated and unsaturated chains.[9, 10] Considering that the 

six ligands around Pt(IV) offer major possibilities of structural variations over the four ligands 

as in Pt(II), some bifunctional Pt(IV) conjugate complexes based on the cisplatin square-

plane with two axial valproate (2-propylpentanoate, VPA) (I) or ethacrynoate (ethacrynic 

acid, EA) (II) ligands were tested and showed an extraordinary cytotoxic effect on cells 

derived from MPM. (Figure 1a) In these cases, the remarkable cytotoxicity of the complexes 

was interpreted as the result of the increased cellular accumulation of the complex in reason 

of its increased lipophilicity and of the synergy between the pharmacologic activity of VPA 

or EA and the well-established efficacy of cisplatin/pemetrexed combination.[11, 12]  

 

Figure 1: Pt(IV)-bis(carboxylate) (I and II), ([Pt(O,O’-acac)(γ-acac)(DMS)]) (Ptac2S) and (SP-4-3)-

diamminechlorido (phenanthridine)platinum(II) nitrate) (phenanthriplatin). 

 

Recently, the outcome that platinum cross-link formation is not essential for anticancer 

activity, shed a light on the possibility to bypass chemoresistance by using platinum(II) 



complexes with different pharmacological targets than cisplatin. For example, Ptac2S 

([Pt(O,O’-acac)(γ-acac)(DMS)]) revealed a characteristic reactivity with sulphur ligands, 

largely represented in amino acid residues instead of a small reactivity with nucleobases 

indicating that the cellular targets could be of protein nature. One of the important reasons 

responsible for mesothelioma strong resistance to chemotherapy seems to be the 

overexpression of anti-apoptotic proteins of the Bcl-2 family. Ptac2S resulted more 

efficacious than cisplatin also in inducing apoptosis by increasing bax expression, its 

cytosol-to-mitochondria translocation and vice versa by decreasing Bcl-2 expression.[13] 

(Figure 1b) 

Major features of the cisplatin mechanism of action involve cancer cell entry, formation of 

mainly intrastrand cross-links that bend and unwind nuclear DNA, transcription inhibition 

and induction of programmed cell-death while evading repair. 

Monofunctional platinum compounds such as phenanthriplatin ((SP-4-3)-diamminechlorido 

(phenanthridine)platinum(II) nitrate),[14] (Figure 1c) which makes only a single bond to DNA 

nucleobases, could be far more active and effective against a range of tumour types than 

dichloro platinum derivatives. Without a cross-link-induced bend, monofunctional complexes 

can be accommodated in the major groove of DNA.[15] The resulting adducts potentially 

inhibit transcription, while the low distortion of the DNA significantly eludes repair. Recently, 

phenanthriplatin was loaded on negatively charged Dextran Sulfate (DS) as a model vector 

for drug delivery via electrostatic interactions. Free complex and conjugated with DS 

revealed higher antiproliferative activity in many tumour cell lines and could bypass acquired 

cisplatin resistance on MPM cells.[16] 

Pemetrexed (PMX) 

In accordance with the combination therapy established for MPM, FDA approved PMX 

(Alimta®) on February 4, 2004 in association with cisplatin. Pemetrexed (N-[4-[2-(2-amino-

3,4-dihydro-4-oxo-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-ethyl]-benzoyl]-L-glutamic acid) 

disodium salt belongs to the class of antifolic agents but it’s distinguished from the other 

antifolates for its novel structure, possessing a unique 6-5 fused pyrrolo-[2,3-d]pyrimidine 

nucleus instead of the classical 6-6 core structure (pteridine or quinazoline) as in 

methotrexate or in raltitrexed.[17]  

 



 

 

 

Figure 2: Lometrexol (a), pemetrexed (PMX) and its derivatives (b) and raltitrexed (c). 

 

It was firstly synthesised in an attempt to study the biochemical consequences of removing 

the C-6 stereogenic centre from its precursor lometrexol (Figure 2) but anyway maintaining 

the hydrogen-bonding NH function close to the C-6 pyrimidine ring, resulted essential in 

lometrexol inhibitory activity of Glycinamide Ribonucleotide Formyltransferase (GARFT), the 

key enzyme involved in the purines biosynthesis.[18] The lack of the stereogenic centre in 

PMX structure makes it 30-200 times a more potent inhibitor of Thymidylate Synthase (TS) 

than GARFT thus blocking more selectively the synthesis of deoxythymidine 

monophosphate necessary for DNA assembly. Exploiting the Reduced Folate Carrier (RFC), 

it enters the cells in its active pentaglutamate form, a reaction catalysed by the 

Folypolyglutamate Synthase (FPGS) and in this form is 60 times more potent in inhibiting 

TS.[19] Polyglutamation reaction of PMX takes place 6-13 times more efficiently than of its 

precursor lometrexol increasing its cellular retention and thus explaining its every 3-week 

administration schedule. By binding to the folate receptor α (FRα) with an affinity similar to 

that of the physiological ligand, it also inhibits Dihydrofolate Reductase (DHFR). These 

targets, however, are the major responsible of the toxicity of pemetrexed 

(myelosuppression, gastrointestinal and cutaneous toxicities) as thymidine and 

hypoxanthine are substrates necessary to overcome the massive cellular death caused by 

pemetrexed used at the recommended doses. 

A recent study showed that in comparison with the 5-substituted pyrrolo-[2,3-d]pyrimidine 

pemetrexed the corresponding 6-substituted analogues with a carbon side chain of 



increasing length were still efficiently uptaken by tumour cells through FRα but the affinity 

for RFC was completely lost, although maintaining the same antitumor efficacy depending 

on the inhibition of AICARFTase, 5-Aminoimidazole-4-Carboxamide Ribonucleotide 

Formyltransferase. When the same approach was applied to the synthesis of pemetrexed 

analogues, the 4-carbon bridge one showed the greatest FRα potency and a cytotoxicity 

mostly dependent on ATP pool depletion that it’s secondary to its inhibition activity towards 

both GARFTase and AICARFTase.[20] 

In several European countries in alternative to PMX, raltitrexed (Figure 2c) is in use in 

association with cisplatin for MPM therapy due to its better toxic profile although sharing the 

same mechanism of action based on the inhibition of TS.[21] 

For MPM the FDA recommended dose of PMX is 500 mg/m2 administered as i.v. over 10 

minutes on day 1 of each 21-day cycle followed by cisplatin at a dose of 75 mg/m2 infused 

over 2 h, 30 minutes after the beginning of PMX administration. A supplementation of folic 

acid (350-1000 µg orally and daily administered) and Vitamin B12 (1000 µg i.m. started 1-3 

weeks before the therapy and repeated every 9 weeks) is necessary in order to reduce 

pemetrexed toxicities.[17] 

Although the combination of cisplatin with the PMX antifolate showed remarkable results in 

comparison with single drugs used alone, the half of patients are primary resistant and the 

benefits are not satisfactory above all as well as the biological basis are not so clear. The 

investigation of new combining therapeutic strategies is an effective and urgent need. An 

alternative drug combination could be the use of cisplatin with phenethyl isothiocyanate 

(PEITC). ITCs, arising from glucosinolate hydrolysis in vegetables, are known for 

antiproliferative properties. PEITC and cisplatin caused cellular death by apoptosis in 

different manner involving distinct pathway of the DNA damage response (DDR). Thus, their 

combination therapy allowed potentiation of both compounds’ cytotoxicity by apoptotic 

mechanism fully dependent on ROS production and, thanks to the difficulty for a cell to set 

up contemporary two pathways of DDR, preventing cell resistance. Interesting was the 

possibility of a local administration of cisplatin-PEITC combination in pleural cavity for the 

treatment of MPM considering its lack of toxicity on primary mesothelial cells.[22] 

Drug loading and drug delivery by Mesenchymal Stromal Cells (MSC) 

Another potential therapeutic strategy is the use of mesenchymal stem cells. 

MSC are undifferentiated multipotent adult cells defined as plastic-adherent, fibroblast-like 

cells possessing extensive self-renewal properties and the in vivo and in vitro ability to 



differentiate into osteogenic, chondrogenic and adipogenic lineages when cultured in 

specific inducing media.[23] After exposure to high doses of chemotherapeutic drugs like 

paclitaxel, compound known for eliciting its activity by stabilization of the β-subunit of tubulin 

in microtubules,[24] MSC have been shown to accumulate intracellularly and deliver the 

antineoplastic agents without any genetic modifications, thereby decreasing tumour 

proliferation.[25] Many different methods of drug delivery have been described in the last 

decade, including immunoconjugates for targeting tumour-specific antigens, nanoparticles 

and genetically modified stem cells. However, non-modified MSC are probably the best 

choice for anticancer drug delivery as they readily adapt themselves to culture conditions 

and home to pathological tissues when injected in vivo in addition to their intrinsic 

antineoplastic activity.[26] On one hand, MSC hold great promise for oncology because they 

release active soluble factors and play an effective immunomodulatory role. They can also 

cross the blood brain barrier, thus representing a potential therapeutic tool for adult and 

paediatric brain tumours; on the other, the issue of whether MSC cross-talk with the tumour 

microenvironment boosts tumour suppression or instead favours tumour growth remains 

unsettled.[27] 

IMMUNE CHECKPOINT AND KINASE INHIBITORS 

The standard first-line chemotherapy for MPM with proven evident efficacy is the platinum-

containing drugs and pemetrexed combination, indeed. Emerging immunotherapy based on 

an altered expression of genetic pool, makes some genes an excellent antigen target for 

antibody-based therapy.[28] As a significant T-cell inflammatory expression pattern is 

recently highlighted in MPM, as well as a high infiltration of lymphocites and macrophages, 

the addition of immune check-points inhibitors to cisplatin plus pemetrexed could result in a 

better clinical outcome. PD-1 (programmed cell death protein 1) and CTLA-4 (cytotoxic T-

lymphocyte associated protein 4) are two key negative regulators of the immune system. 

Tremelimumab[29], is a fully human IgG2 monoclonal antibody against CTLA-4 

unfortunately accompanied by several severe side effects while pembrolizumab [30] is 

currently under investigation as an inhibitor of PD-1, demonstrating to be safe and tolerable.  

A main feature of MPM pathogenetic development is the loss of tumor suppressor genes 

instead of a hyper-regulation of oncogenes. In particular, CDKN2A/ARF tumor suppressor 

gene resulted the most frequently down-regulated or silenced one. Its expression envisages 

encoding two proteins involved in cell cycle regulation: cyclin dependent kinase inhibitor 2A 

(p16/INK4a) and alternate reading frame (p14/ARF). 



By binding to CDK4/6, the former (p16/INK4a), whose expression is associated with 

chemotherapy efficiency,[31] prevents the formation of a complex with cyclin D1 thus 

resulting in the activation of the retinoblastoma protein (Rb) responsible of G1 cell cycle 

arrest; the latter binds to the oncogenic protein MDM2 leading to an up-regulation of p53-

related cell apoptotic death.  

Palbociclib (PD-0332991) (Figure 3), whose pyrido-[2,3-d]pyrimidin-7-ones ring proved 

critical for specificity and activity for binding ATP pocket,[32] represents a valid alternative 

therapeutic approach in MPM patients with inactivated CDKN2A/ARF suppressor gene. By 

inhibiting Rb phosphorylation, palbociclib inhibits selectively the cellular DNA synthesis with 

the consequence of a G1 to S phase cell cycle arrest. Another important feature that makes 

palbociclib extremely relevant in MPM patients treatment among other kinase inhibitors, is 

its ability to activate the serine-threonine kinase mTOR because of an increased PI3K 

phosphorylation of AKT. In this regard, an association of palbociclib with PI3K inhibitors 

(NVP-BEZ235[33] and NVP-BYL719[34]) might result in a new favorable approach in MPM 

therapy due to an irreversible inhibitory effect on tumor cell proliferation alongside with an 

increase in the number of senescent cells.[35]  

 

Figure 3: Palbociclib, CDK4/6 kinase inhibitor, NVP-BEZ235 and NVP-BYL719, PI3K inhibitors. 

 

AUTHOR INFORMATION 

Corresponding Author 

*isabella.rimoldi@unim.it, +39 0250314609 

REFERENCES 

[1] McNamee C, DaSilva MC, Adams AS, Wolf AS, S. DJ, Pleural Tumours, in:  ESTS  Textbook of Thoracic 
Surgery, Medycyna Praktyczna Cracow, 2014, pp. 233-252. 
[2] E. Bakker, A. Guazzelli, M. Krstic-Demonacos, M. Lisanti, F. Sotgia, L. Mutti, Current and prospective 
pharmacotherapies for the treatment of pleural mesothelioma, Expert Opin Orphan Drugs, (2017). 

mailto:isabella.rimoldi@unim.it


[3] J.C. McDonald, Epidemiology of Malignant Mesothelioma—An Outline, Ann Occup Hyg, 54 (2010) 851-
857. 
[4] J. Peto, A. Decarli, C.L. Vecchia, F. Levi, E. Negri, The European mesothelioma epidemic, Br J Cancer, 79 
(1999) 666-672. 
[5] Leigh J, R. BW, The history of mesothelioma in Australia 1945 -2011, in: M.L.m. Dunitz (Ed.), 2002, pp. 55-
110. 
[6] C. Boutin, M. Schlesser, C. Frenay, P. Astoul, Malignant pleural mesothelioma, Eur Respir J, 12 (1998) 972-
981. 
[7] S. Novello, C. Pinto, V. Torri, L. Porcu, M. Di Maio, M. Tiseo, G. Ceresoli, C. Magnani, S. Silvestri, A. Veltri, 
M. Papotti, G. Rossi, U. Ricardi, L. Trodella, F. Rea, F. Facciolo, A. Granieri, V. Zagonel, G. Scagliotti, The Third 
Italian Consensus Conference for Malignant Pleural Mesothelioma: State of the art and recommendations, 
Crit Rev Oncol Hematol, 104 (2016) 9-20. 
[8] I.L. Cregan, A.M. Dharmarajan, S.A. Fox, "Mechanisms of cisplatin-induced cell death in malignant 
mesothelioma cells: Role of inhibitor of apoptosis proteins (IAPs) and caspases". , Int J Oncol, 42 (2013) 444-
452. 
[9] N. Ferri, G. Facchetti, S. Pellegrino, E. Pini, C. Ricci, G. Curigliano, I. Rimoldi, Promising antiproliferative 
platinum(II) complexes based on imidazole moiety: synthesis, evaluation in HCT-116 cancer cell line and 
interaction with Ctr-1 Met-rich domain, Bioorg Med Chem, 23 (2015) 2538-2547. 
[10] N. Ferri, S. Cazzaniga, L. Mazzarella, G. Curigliano, G. Lucchini, D. Zerla, R. Gandolfi, G. Facchetti, M. 
Pellizzoni, I. Rimoldi, Cytotoxic effect of (1-methyl-1H-imidazol-2-yl)-methanamine and its derivatives in PtII 
complexes on human carcinoma cell lines: A comparative study with cisplatin, Bioorg. Med. Chem., 21 (2013) 
2379-2386. 
[11] M. Alessio, I. Zanellato, I. Bonarrigo, E. Gabano, M. Ravera, D. Osella, Antiproliferative activity of Pt(IV)-
bis(carboxylato) conjugates on malignant pleural mesothelioma cells, J. Inorg. Biochem., 129 (2013) 52-57. 
[12] I. Zanellato, I. Bonarrigo, M. Sardi, M. Alessio, E. Gabano, M. Ravera, D. Osella, Evaluation of Platinum–
Ethacrynic Acid Conjugates in the Treatment of Mesothelioma, ChemMedChem, 6 (2011) 2287-2293. 
[13] A. Muscella, C. Vetrugno, L.G. Cossa, G. Antonaci, F. De Nuccio, S.A. De Pascali, F.P. Fanizzi, S. 
Marsigliante, In Vitro and In Vivo Antitumor Activity of [Pt(O,O′-acac)(γ-acac)(DMS)] in Malignant Pleural 
Mesothelioma, PLoS ONE, 11 (2016) e0165154. 
[14] G.Y. Park, J.J. Wilson, Y. Song, S.J. Lippard, Phenanthriplatin, a monofunctional DNA-binding platinum 
anticancer drug candidate with unusual potency and cellular activity profile, PNAS, 109 (2012) 11987-11992. 
[15] I. Rimoldi, G. Facchetti, G. Lucchini, E. Castiglioni, S. Marchianò, N. Ferri, In vitro anticancer activity 
evaluation of new cationic platinum(II) complexes based on imidazole moiety, Bioorg. Med. Chem., 25 (2017) 
1907-1913. 
[16] M. Ravera, E. Gabano, I. Zanellato, E. Perin, A. Arrais, D. Osella, Polyanionic Biopolymers for the Delivery 
of Pt(II) Cationic Antiproliferative Complexes, Bioinorganic Chemistry and Applications, 2016 (2016) 7. 
[17] M. Hazarika, R.M. White, J.R. Johnson, R. Pazdur, FDA drug approval summaries: Pemetrexed (Alimta®), 
The Oncologist, 9 (2004) 482-488. 
[18] E.C. Taylor, D. Kuhnt, C. Shih, S.M. Rinzel, G.B. Grindey, J. Barredo, M. Jannatipour, R.G. Moran, A 
dideazatetrahydrofolate analog lacking a chiral center at C-6: N-[4-[2-(2-amino-3,4-dihydro-4-oxo-7H-
pyrrolo[2,3-d]pyrimidin-5yl)ethyl[benzoyl]-L-glutamic acid is an inhibitor of thymidylate synthase, J. Med. 
Chem., 35 (1992) 4450-4454. 
[19] A.A. Adjei, Pharmacology and mechanism of action of pemetrexed, Clin Lung Cancer., 5 (2004) S51-S55. 
[20] S. Mitchell-Ryan, Y. Wang, S. Raghavan, M.P. Ravindra, E. Hales, S. Orr, C. Cherian, Z. Hou, L.H. Matherly, 
A. Gangjee, Discovery of 5-Substituted Pyrrolo[2,3-d]pyrimidine Antifolates as Dual-Acting Inhibitors of 
Glycinamide Ribonucleotide Formyltransferase and 5-Aminoimidazole-4-carboxamide Ribonucleotide 
Formyltransferase in De Novo Purine Nucleotide Biosynthesis: Implications of Inhibiting 5-Aminoimidazole-
4-carboxamide Ribonucleotide Formyltransferase to AMPK Activation and Antitumor Activity, J. Med. Chem., 
56 (2013) 10016-10032. 
[21] V.F. Surmont, J.P. van Meerbeeck, Raltitrexed in mesothelioma, Expert Rev Anticancer Ther., 11 (2011) 
1481-1490. 



[22] I. Denis, L. Cellerin, M. Gregoire, C. Blanquart, Cisplatin in combination with Phenethyl Isothiocyanate 
(PEITC), a potential new therapeutic strategy for malignant pleural mesothelioma, Oncotarget, 5 (2014) 
11641-11652. 
[23] F. Petrella, S. Rizzo, A. Borri, M. Casiraghi, L. Spaggiari, Current Perspectives in Mesenchymal Stromal 
Cell Therapies for Airway Tissue Defects, Stem Cells Int., 2015 (2015) 7. 
[24] M.C. Wani, H.L. Taylor, M.E. Wall, P. Coggon, A.T. McPhail, Plant antitumor agents. VI. Isolation and 
structure of taxol, a novel antileukemic and antitumor agent from Taxus brevifolia, J. Am. Chem. Soc., 93 
(1971) 2325-2327. 
[25] F. Petrella, V. Coccè, C. Masia, M. Milani, E.O. Salè, G. Alessandri, E. Parati, F. Sisto, F. Pentimalli, A.T. 
Brini, A. Pessina, L. Spaggiari, Paclitaxel-releasing mesenchymal stromal cells inhibit in vitro proliferation of 
human mesothelioma cells, Biomed Pharmacother, 87 (2017) 755-758. 
[26] A. Pessina, A. Bonomi, V. Cocce, G. Invernici, S. Navone, L. Cavicchini, Mesenchymal stromal cells primed 
with paclitaxel provide a new approach for cancer therapy, PLoS ONE, 6 (2011). 
[27] S. Pacioni, Q.G. D’Alessandris, S. Giannetti, L. Morgante, V. Coccè, A. Bonomi, M. Buccarelli, L. Pascucci, 
G. Alessandri, A. Pessina, L. Ricci-Vitiani, M.L. Falchetti, R. Pallini, Human mesenchymal stromal cells inhibit 
tumor growth in orthotopic glioblastoma xenografts, Stem Cell Res Ther., 8 (2017) 53. 
[28] G.L. Ceresoli, M. Bonomi, M.G. Sauta, Immune checkpoint inhibitors in malignant pleural mesothelioma: 
promises and challenges, Expert Rev Anticancer Ther., 16 (2016) 673-675. 
[29] M. Maio, A. Scherpereel, L. Calabrò, J. Aerts, S.C. Perez, A. Bearz, K. Nackaerts, D.A. Fennell, D. Kowalski, 
A.S. Tsao, P. Taylor, F. Grosso, S.J. Antonia, A.K. Nowak, M. Taboada, M. Puglisi, P.K. Stockman, H.L. Kindler, 
Tremelimumab as second-line or third-line treatment in relapsed malignant mesothelioma (DETERMINE): a 
multicentre, international, randomised, double-blind, placebo-controlled phase 2b trial, Lancet. Oncol. 
[30] E.W. Alley, J. Lopez, A. Santoro, A. Morosky, S. Saraf, B. Piperdi, E. van Brummelen, Clinical safety and 
activity of pembrolizumab in patients with malignant pleural mesothelioma (KEYNOTE-028): preliminary 
results from a non-randomised, open-label, phase 1b trial, Lancet. Oncol., 18 (2017) 623-630. 
[31] C.J. Jennings, B. Murer, A. O'Grady, L.M. Hearn, B.J. Harvey, E.W. Kay, W. Thomas, Differential p16/INK4A 
cyclin-dependent kinase inhibitor expression correlates with chemotherapy efficacy in a cohort of 88 
malignant pleural mesothelioma patients, Br J Cancer, 113 (2015) 69-75. 
[32] P. Wang, J. Huang, K. Wang, Y. Gu, New palbociclib analogues modified at the terminal piperazine ring 
and their anticancer activities, Eur. J. Med. Chem., 122 (2016) 546-556. 
[33] B. Mukherjee, N. Tomimatsu, K. Amancherla, C.V. Camacho, N. Pichamoorthy, S. Burma, The Dual 
PI3K/mTOR Inhibitor NVP-BEZ235 Is a Potent Inhibitor of ATM- and DNA-PKCs-Mediated DNA Damage 
Responses, Neoplasia (New York, N.Y.), 14 (2012) 34-43. 
[34] P. Furet, V. Guagnano, R.A. Fairhurst, P. Imbach-Weese, I. Bruce, M. Knapp, C. Fritsch, F. Blasco, J. Blanz, 
R. Aichholz, J. Hamon, D. Fabbro, G. Caravatti, Discovery of NVP-BYL719 a potent and selective 
phosphatidylinositol-3 kinase alpha inhibitor selected for clinical evaluation, Bioorg. Med. Chem. Lett., 23 
(2013) 3741-3748. 
[35] M.A. Bonelli, G. Digiacomo, C. Fumarola, R. Alfieri, F. Quaini, A. Falco, D. Madeddu, S. La Monica, D. 
Cretella, A. Ravelli, P. Ulivi, M. Tebaldi, D. Calistri, A. Delmonte, L. Ampollini, P. Carbognani, M. Tiseo, A. 
Cavazzoni, P.G. Petronini, Combined Inhibition of CDK4/6 and PI3K/AKT/mTOR Pathways Induces a 
Synergistic Anti-Tumor Effect in Malignant Pleural Mesothelioma Cells, Neoplasia, 19 (2017) 637-648. 

 

 


