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Abstract
The ongoing revolution in cancer immunotherapy stems from the knowledge that distinct immune-checkpoints regulate the 
physiological crosstalk between and among immune cells by delivering inhibitory or activating signals. These notions, and 
the availability of mAb directed to diverse immune-checkpoint molecules, have led to a significant clinical improvement in 
cancer treatment. In this scenario, further achievements are undoubtedly to be expected from the contribution of novel, proof-
of-principle clinical trials designed to explore the therapeutic efficacy of new immunotherapy-based combinations and treat-
ment sequences. Along these lines, the clinical translation of pre-clinical evidence generated by non-profit research entities is 
likely to provide a significant contribution to gaining new insights that will further boost the field of cancer immunotherapy. 
To pursue this goal, and to provide comprehensive educational programs in immune-oncology (I-O), several national and 
global networks have been revitalized or newly established in recent years. This rapidly evolving scenario led the Board of 
Directors of the Italian Network of Tumor Bio-Immunotherapy (NIBIT) to establish the NIBIT Foundation. This Focused 
Research Review summarizes the main ongoing and prospective I-O activities of the NIBIT Foundation.
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NIBIT Foundation

The Network Italiano per la Bioterapia dei Tumori (Italian 
Network for Tumor Bio-Immunotherapy) (NIBIT) Founda-
tion was established in 2012 as a non-profit legal entity, 
with the main goal to design and conduct highly innovative 
clinical trials in cancer immunotherapy. The clinical stud-
ies that have been developed so far have stemmed mainly 
from pre-clinical findings generated by the NIBIT Founda-
tion, in the context of new clinical observations and unmet 
medical needs. The President of the NIBIT Foundation is 
Michele Maio, MD and members of the scientific Board 
of Directors are at present: Anna Maria Di Giacomo, 
MD, Giorgio Parmiani, MD, Roberto Camerini, MD, Pier 
Giorgio Natali, MD, and Ruggero Ridolfi, MD. Accord-
ing to its statutes, Principal Investigators of clinical trials 
sponsored by the NIBIT Foundation become temporary 
members of its Board of Directors for the whole duration 
of the study. The NIBIT Foundation has its own laboratory 
facilities located at the Toscana Life Sciences bio-incu-
bator (http://www.tosca​nalif​escie​nces.org) in Siena, Italy, 
in which operate several basic and clinical scientists. The 
comprehensive research programs of the NIBIT Founda-
tion share in the benefits of the close interactions between 
clinical and pre-clinical researchers and with the infra-
structure belonging to the Center for Immuno-Oncology 
(CIO) of the University Hospital of Siena (UHS), Italy. In 
addition, the NIBIT Foundation has multiple ongoing col-
laborations with academic institutions, scientific societies, 
and pharmaceutical companies worldwide.

Educational activities

Upon its establishment, the NIBIT Foundation organized the 
“Cancer Bio-Immunotherapy in Siena - NIBIT annual meet-
ings” in collaboration with the NIBIT. This is an interna-
tional meeting that has been held in Siena since 2004 (http://
www.siena​meeti​ng-nibit​.org). The meeting represents the 
major scientific annual NIBIT event that allows sharing of 
the most recent pre-clinical and clinical results obtained by 
the NIBIT groups with a high-level international audience. 
Attendance to the meeting has steadily increased with over 
250 participants in 2017, and its Scientific Reports have 
been hosted in Cancer Immunology, Immunotherapy (CII) 
since 2013, when CII became the NIBIT official scientific 
journal [1, 2]. To promote the commitment of young inves-
tigators to the immuno-oncology (I-O) field, three NIBIT 
awards are assigned yearly to the best scientific contributions 
in basic, translational, and clinical research presented at the 
meeting by researchers < 40 years old.

On October 7th, 2017 the NIBIT Foundation promoted 
the first Think Tank titled “A vision of I-O: the Siena con-
sensus” in which highly selected experts from international 
I-O networks (eg. the Parker Institute for Cancer Immuno-
therapy (PICI) San Francisco, CA; Cancer Research Insti-
tute (CRI) New York, NY; World Immunotherapy Council 
(WIC) and NIBIT, pharmaceutical companies, and Aca-
demia gathered to address current challenges and future 
directions in I-O (see article published in Cancer Immunol-
ogy, Immunotherapy: “Addressing current challenges and 
future directions in immuno-oncology: expert perspectives 
from the 2017 NIBIT Foundation Think Tank, Siena, Italy” 
by Michele Maio et al. 2018). The second Siena I-O Think 
Tank was organized by the NIBIT Foundation in collabora-
tion with the PICI and the CRI, and took place in Siena, 
Italy, on October 25th–27th, 2018 (https​://www.think​tank-
nibit​found​ation​.org/).

Among the multifaceted national and international I-O 
educational activities designed and developed by the NIBIT 
Foundation are: first and second level Master-classes for 
medical oncologists, as well as courses for biologists, radi-
ologists, employees from pharmaceutical companies, nurses, 
and research nurses. These are all Continuing Medical Edu-
cation-certified activities, involve internationally renowned 
pre-clinical and clinical faculty, and provide a unique learn-
ing opportunity, being generally held as highly interactive 
peer-to-peer events. Within their own professional fields, 
participants improve their comprehensive theoretical and 
practical knowledge of I-O; specifically, optimize their 
multi-disciplinary team working skills, familiarize them-
selves with strategies to improve the recruitment of patients 
into clinical studies, and/or refine their communication skills 
with diverse stakeholders including key opinion leaders, 
treating physicians, payers, and patients’ advocacy groups. 
To date, over 600 professionals have attended these different 
programs. Detailed information on the educational activities 
organized by the NIBIT Foundation can be found at http://
www.fonda​zione​nibit​.org. To keep the larger I-O community 
updated on advances in the field, in April 2015 the Founda-
tion also launched the website http://www.immun​oncol​ogia.
org, contributing to update its main sections dedicated to 
cancer patients and to I-O professionals. To date, the web-
site has about 1500 registered users, and more than 700,000 
contacts have been recorded.

Clinical research activities: the ongoing 
NIBIT Foundation clinical studies

The NIBIT Foundation has designed, and is presently coor-
dinating as a non-profit sponsor, different mono- and multi-
center phase I-to-phase III investigator-initiated trials (IITs) 
exploring new immune checkpoint-based combinations and 
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treatment sequences in metastatic melanoma (MM) and 
malignant mesothelioma (MMESO) patients. These clini-
cal trials are aimed at: (i) defining the role of new immune 
checkpoint-based combinations and sequences in poorly 
explored clinical settings; (ii) improving the overall effi-
cacy of available immunotherapies; and (iii) identifying 
early pharmacodynamic biomarkers predictive of response 
to therapy.

Immune‑checkpoint combinations in MM 
patients with brain metastases (BM): 
the NIBIT‑M1 and ‑M2 clinical trials

Melanoma is the third most common tumor metastasizing to 
the brain after lung and breast cancer; BM develop in nearly 
half of MM patients and represent the major cause of tumor-
related deaths, making this clinical setting amongst the most 
daunting problems in oncology [3]. This notion is enforced 
by the well-known limited efficacy of “standard” chemo-
therapeutic agents due to their poor central nervous system 
(CNS) penetration, and to the relative resistance of mela-
noma BM to radiotherapy. However, in spite of the notion 
that the blood–brain barrier generally limits CNS penetra-
tion of systemic treatments, earlier evidence supported the 
possible efficacy of the anti-CTLA-4 mAb ipilimumab in 
melanoma BM as a single agent [4].

The notions above prompted the development of the 
multi-center phase II, open-label, NIBIT-M1 trial, the first 
study that combined ipilimumab with the alkylating agent 
fotemustine in MM patients, allowing subjects with BM to 
be enrolled. Twenty of the 86 treated patients had asymp-
tomatic BM at study entry; among those, 50% achieved an 
immune-related (ir) disease control rate (ir-DCR) as com-
pared to 46.5% in the whole population of treated subjects. 
The combination was found to be safe and well tolerated, 
with no unexpected and/or overlapping toxicities. Of note, 
among the 10 patients with multiple BM at baseline who 
achieved an ir-DCR, only 3 had received previous radio-
therapy for brain disease [5]. Prompted by the emerging 
results on the long-term efficacy of ipilimumab in concur-
rent clinical trials in MM patients [5], an updated analysis 
of the NIBIT-M1 study was performed. The 1- and 2-year 
survival rates were 51.2% and 30.7% and 55.0% and 38.9%, 
in the whole patient population and in patients with BM, 
respectively [5]. Furthermore, a 3-year milestone follow-up 
analysis continued to support the efficacy of the combina-
tion in MM patients with BM: at a median follow-up of 39.9 
months, the 3-year survival rates were 28.5% and 27.8%, 
respectively, for the whole study population and for patients 
with BM [6, 7]. Building on these promising initial find-
ings, and on upcoming data on the efficacy of ipilimumab 
combined with the anti-PD-1 mAb nivolumab [8], the NIBIT 

Foundation subsequently designed the ongoing, multi-center, 
Phase 3, open-label, NIBIT-M2 trial (NCT02460068). The 
study enrolls first-line MM patients with asymptomatic, 
untreated BM that will be randomized to receive fotemus-
tine, the combination of ipilimumab and fotemustine, or the 
combination of ipilimumab and nivolumab (Fig. 1). Primary 
objective of the NIBIT-M2 study is OS; secondary objec-
tives are safety, DCR in the brain and at extracranial sites, 
objective response rate (ORR) and duration of response 
(DOR), evaluated using both the modified-WHO criteria and 
the ir-response criteria [9]. To date, 79 of the 168 planned 
patients have been enrolled. Increasing interest in explor-
ing the efficacy of immunotherapy in BM is exemplified 
by the initiation of additional clinical trials in this dismal 
clinical setting. Most recently, first results from the rand-
omized phase II ABC (Anti-PD-1 Brain Collaboration for 
Patients With Melanoma Brain Metastases) trial suggest that 
nivolumab combined with ipilimumab, and nivolumab, is 
active in melanoma brain metastases, with 46% of patients 
achieving an intracranial response with the combination 
[10]. Further insights on the efficacy of immunotherapy 
combinations in MM patients bearing BM will also be 
derived from the ongoing single-arm phase II CheckMate 
CA209204 study in which nivolumab in combination with 
ipilimumab has shown clinically meaningful efficacy with 
an intracranial ORR of 55%, and 21% of patients achieving a 
complete response [11] More comprehensively, the results of 
these trials focusing on MM patients with BM will undoubt-
edly open the way to new studies exploring the efficacy of 
I-O combinations in patients with BM from different tumor 
histotypes.

An epigenetic immuno‑sequencing study: 
the NIBIT‑M4 clinical trial

Epigenetic events are acknowledged to be involved in all 
cellular pathways associated with tumorigenesis and cancer 
progression [12]. More recently, epigenetic modifications 
have also been clearly shown to play a major role in down-
regulating the immunogenicity of cancer cells and their effi-
cient recognition by the host’s immune system [13]. Based 
on this comprehensive evidence, and on the dynamic and 
pharmacologically reversible nature of epigenetic modifica-
tions, epigenetic remodelling of cancer with diverse DNA 
hypomethylating agents (DHA) has been shown to improve 
the immunogenicity and immune recognition of neoplastic 
cells [13, 14]. These results prompted the hypothesis that 
DHA could represent an ideal “partner drug” to improve 
the efficacy of diverse immunotherapeutic agents, includ-
ing therapeutic mAb to immune checkpoint(s) [13]. This 
notion has been further supported by studies in syngeneic 
mouse models demonstrating an improved antitumor activity 
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of two different DHA (i.e., decitabine and guadecitabine) 
combined with anti-CTLA-4 and -PD-L1 mAb, compared to 
either agent alone [15]. These comprehensive findings that 
were originally generated through the collaboration between 
the NIBIT Foundation and the CIO of the UHS, are now 
being translated in the clinic through the ongoing proof-
of-principle NIBIT-M4 study (Fig. 2). This study was con-
ceived and developed by the NIBIT Foundation to provide 
clinical evidence of the potential efficacy of an “epigenetic 
immune-sequencing” approach in cancer [16]. The NIBIT-
M4 trial (NCT02608437) is a phase 1b, dose-escalation 
study in treatment-naïve or pretreated, unresectable Stage 
III or Stage IV MM patients, amenable to serial tumor biop-
sies. The primary objective of the trial is to assess the maxi-
mum tolerated dose (MTD) and safety of the next-generation 
DHA guadecitabine [15] in sequence with ipilimumab; sec-
ondary objectives are ir-DCR, -ORR, -progression-free sur-
vival (PFS), median OS, and survival rate at 1 and 2 years. 
Immune-biologic correlates will be exploratory objectives 
including patient-wise genome-wide methylation, RNA 
sequencing, and analysis of the tumor immune contexture 
on tumor biopsies surgically removed at baseline, week (W) 
4 and week 12. The dose escalation of guadecitabine follows 
a 3 + 3 design: cohorts of 3–6 patients receive guadecitabine 
s.c. on W0, 3, 6, 9, days 1–5 q21d at the one of following 

doses: Dose Level (DL) − 1: 15 mg/m2 day; DL 0: 30 mg/
m2 day; DL + 1: 45 mg/m2 day; DL + 2: 60 mg/m2 day, and 
ipilimumab i.v.at 3 mg/kg on W1, 4, 7 and 10, day 1 q21d. 
Fifteen of the 19 planned patients have been enrolled already 
and no dose-limiting toxicities have been observed. Prelimi-
nary results of the NIBIT-M4 study have been presented 
as a Late Breaking Abstract at the Annual Meeting of the 
American Association for Cancer Research, 2018 [17]. Of 
note, reduced representation bisulfite sequencing analysis of 
tumor samples from the initial eight patients enrolled in the 
study demonstrated a reduction in tumor CpG sites’ meth-
ylation compared to pre-treatment [17]. The efficacy of gua-
decitabine is currently being investigated in ongoing phase 
III studies in hematopoietic malignancies (NCT03306264), 
and earlier evidence showed its demethylating [18] and 
immunomodulatory activity in patients affected by myelo-
dysplastic syndrome and acute myeloid leukemia [15]. The 
NIBIT-M4 study foresees extensive translational next gener-
ation sequencing studies that will hopefully provide in-depth 
support to the immunomodulatory activity of guadecitabine 
also in cancer patients with solid tumors, likely fostering 
additional clinical trials aimed at improving the therapeutic 
efficacy of I-O drugs currently available or under clinical 
development.

Fig. 1   NIBIT-M2 study design. Melanoma patients with asymptomatic, untreated brain metastases will be randomized to receive fotemustine 
(ARM A), the combination of ipilimumab and fotemustine (ARM B), or the combination of ipilimumab and nivolumab (ARM C)
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Immune‑checkpoint combinations 
in MMESO patients: the NIBIT‑MESO‑1 
clinical trial

Clinical trials investigating the therapeutic potential of 
immune-checkpoints in patients with MMESO were first 
developed through joint efforts of the NIBIT, NIBIT Foun-
dation, and the CIO of the UHS. The MESOT-TREM 2008 
(NCT01649024) and MESOT-TREM 2012 (NCT01655888) 
IITs initially explored the activity of the anti-CTLA-4 mAb 
tremelimumab as a single agent in pretreated MMESO 
patients [19, 20]. The promising signs of activity identified 
in these two studies suggested that further exploring the effi-
cacy of immune checkpoint(s) in MMESO was a strategy to 
be actively pursued and subsequent clinical trials with anti-
PD-1/L1 mAb as single agents corroborated this notion [21, 
22]. In this rapidly evolving scenario, the NIBIT Foundation 
developed the IIT NIBIT-MESO-1, the first clinical trial to 
explore the activity and safety in MMESO patients of the 
simultaneous targeting of two inhibitory immune-checkpoint 
molecules (i.e., CTLA-4 and PD-L1) by tremelimumab and 
durvalumab. Of the 40 treated patients, 11 achieved an ir-
ORR and 26 an ir-DCR [23]; comprehensively, the results 
of the NIBIT-MESO-1 study demonstrate that the combina-
tion of tremelimumab and durvalumab is active and has a 

good safety profile in MMESO patients. This evidence war-
rants further exploration of combined treatment of MMESO 
patients, as planned in novel IIT studies being designed by 
the NIBIT Foundation. An in-depth review of the NIBIT 
studies above, in the context of the ongoing trials exploring 
the activity of immune-checkpoint(s) in MMESO, has been 
recently published [24] as part of a CII series of Focused 
Research Review based on oral presentations delivered at 
the XIV Annual Meeting of the NIBIT [25].

Collaboration with the Parker Institute 
for Cancer Immunotherapy

Within its multiple collaborations with national and inter-
national entities (please see the Educational Activities para-
graph), the NIBIT Foundation is among the world’s leading, 
academic, non-profit, and industry partners participating in 
the Tumor neoantigEn SeLection Alliance (TESLA), co-
sponsored by the PICI in San Francisco, CA and the CRI in 
New York, NY. The alliance, announced in December 2016, 
aims to blindly compare existing and developing methodolo-
gies to identify tumor epitopes that may function as optimal 
targets for cancer immunotherapies, as well as to advance the 
development of safe and efficacious neo-antigen vaccines. 

Fig. 2   NIBIT-M4 study design. The NIBIT-M4 trial is a phase 1b, 
dose-escalation study in unresectable Stage III or Stage IV MM 
patients, amenable to serial tumor biopsies. The dose escalation of 
guadecitabine follows a 3 + 3 design: cohorts of 3–6 patients receive 

guadecitabine s.c. on W 0, 3, 6, 9, days 1–5 q21d and ipilimumab 
i.v.at 3 mg/kg on W 1, 4, 7 and 10, day 1 q21d. Translational stud-
ies on tumor biopsies and on blood samples, planned in the study, are 
illustrated
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Analyses will firstly address advanced malignancies 
expected to harbor high mutational loads such as advanced 
melanoma, colorectal cancer and non-small cell lung cancer 
(NSCLC). As the project unfolds, the alliance hopes to move 
into additional disease areas and stages. Matched normal and 
tumor tissue are being collected centrally by PICI for DNA 
and RNA sequencing. The Institute’s dedicated team of data 
scientists is providing a standardized list of sequences for 
the participating groups to analyze using their local, predic-
tive models. The resulting neo-epitope candidates will be 
validated centrally by PICI and Sage Bionetworks, a leader 
in open science data collaboration. Though the neo-antigen 
alliance hopes to develop novel vaccine targets and treat-
ments, it will be groundbreaking in fostering the collabo-
rative use of bioinformatics. In addition to harnessing the 
analytical power of the participating research groups, this 
approach will provide an assessment of each group’s algo-
rithm. All partners benefit from the composite data as well 
as the opportunity to improve upon their predictive mod-
els through comparison. This sort of bold, innovative and 
collaborative approach showcases the founding principles 
of PICI: an unprecedented partnership between the United 
States’ leading academic, non-profit and industry partners.

PICI research areas of focus

In addition to neo-antigen discovery, PICI is focused on 
three other major areas of scientific inquiry. The first is on 
new pathways and synergistic combinations to improve sur-
vival rates and broaden the disease areas impacted by check-
point blockade therapies. Specifically, the institute aims to 
better understand the mechanisms of resistance around I-O 
agents, such as PD-1. The second focus centers on develop-
ing a new generation of best-in-class cellular therapies and 
researching new pathways to modulate their activity. This 
is exemplified by the team’s co-funding of what is antici-
pated to be the United States’ first-in-human study utilizing 
the CRISPR/Cas-9 system. The investigators are striving to 
engineer more efficient and effective T-cell therapies while 
minimizing adverse effects, such as autoimmune disorders. 
Lastly, member scientists of the PICI are focused on estab-
lishing a better understanding of the tumor microenviron-
ment through basic and clinical research. The hostile nature 
of the tumor microenvironment can negatively affect the 
ability of immune cells and checkpoint inhibitors to work at 
their fullest, particularly in solid tumors. Creating a broader 
knowledge base about the tumor microenvironment should 
help inform the development of effective immunotherapy 
solutions for solid tumors.

As we are currently in the I-O era, PICI’s vision and tim-
ing could not be more critical to unlocking the field’s unlim-
ited potential. First-generation I-O agents such as CTLA-
4, PD-1 and PD-L1 inhibitors are becoming mainstays in 

the clinic and are increasingly used in a multi-disciplinary 
approach. According to the Cancer Research Institute, there 
are approximately 970 immuno-oncology agents in clinical 
development, with more than 1,100 clinical trials involving 
anti-PD-1 or anti-PD-L1 agents in combination with other 
therapies.

With each discovery, and quickly-advancing technolo-
gies, it is clear researchers are facing the challenge of an 
increasingly complex field. We have reached an inflection 
point in how biomedical research is conducted. Pharmaceu-
tical companies are collaborating and investigating novel 
combinations based on the emerging science; however, the 
current research structure has not allowed the knowledge and 
expertise of academic centers to participate in such open col-
laboration. These hurdles are compounded by the limitations 
and instability of strained resources, insufficient funding and 
time-consuming reporting.

A new model to support I‑O research

PICI offers a solution: the centralization and leveraging of 
resources to overcome these barriers. Over 40 industry and 
non-profit partners, more than 60 labs and more than 170 of 
the United States’ top researchers have come together to join 
efforts on PICI’s projects and trials. PICI’s strengths include 
coordinated trial management, biorepository development 
and standardization, access to novel investigational agents 
(in novel combinations), as well as open data sharing and 
robust analytics. These provisions, combined with the cen-
tralization of funding and intellectual property management, 
have created an ecosystem within which to establish long-
term relationships with industry and academic partners, as 
well as provide flexibility and support around licensing and 
research decisions. The result is unified research manage-
ment, freeing researchers to focus on their discoveries. For 
clinical trials, PICI also utilizes in-house resources, with 
the aim of taking the additional burden of multi-center trial 
management off their academic center partners and provid-
ing greater efficiency as well as continuity across trials.

Since its launch in April 2016, PICI has already met sev-
eral key partnership and clinical development milestones. In 
2017, PICI began a strategic, multi-year clinical collabora-
tion with Bristol-Myers Squibb and CRI. The partnership 
has greatly contributed to the Institute’s capacity for devel-
oping and managing multi-center clinical trials. Working 
together with those partners, PICI launched a groundbreak-
ing trial to evaluate the safety and efficacy of combining 
an anti-CD40 agent, a PD-1 inhibitor and standard of care 
chemotherapy to treat metastatic pancreatic cancer.

As the number of industry partnerships increases, it will 
allow for a less limited degree of clinical exploration, no 
longer restricted to a single pipeline. In addition to these 
industry, academic, and start-up partnerships, the institute is 
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investing in developing novel modes of bioinformatics analy-
sis. These technologies will allow for the generation of more 
robust, translational data at the single cell level and will be 
made available to all members. Through its partnerships and 
areas of focus, it is clear PICI is uniquely positioned to truly 
shift the paradigm of how biomedical research is conducted. 
With such a concerted effort behind the mission, the implica-
tion is great for the number of patients they stand to impact 
through their efforts.

Perspectives

In the years to come, I-O will undoubtedly stay at the fore-
front of cancer treatment. However, its optimal exploitation in 
clinical trials investigating novel targets and new therapeutic 
combinations and in daily practice, will undoubtedly require 
significant efforts by the multifaceted I-O community. From 
this perspective, non-profit entities such as the NIBIT Foun-
dation will continue to play a major role through the develop-
ment of scientifically sound, proof-of-principle clinical trials 
and through the conception and implementation of high-level 
educational activities.
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