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The community of cancer researchers has made 
tremendous progress against cancer in the past 
decades. The number of persons who survived 
cancer has been steadily increasing (1) while the 
cancer death rate has been continuously declining 
from its pick in 1991 to a reduction of 31% in 2018 
in the US, meaning that 3.2 million fewer cancer 
deaths occurred than we could have witnessed if 
those peak rates had persisted (2). Such positive 
trends and figures are due to our overall improved 
ability to prevent, detect and also treat cancer, be-
ing often able to make the disease chronic rather 
than lethal, although this progress has not been 
uniform for all cancer types, subtypes or stages (2).
Despite current efforts, however, cancer is mostly 
a disease of ageing and the number of persons, 
aged 60 years or more, is projected to double by 
2050 reaching 1.5 billion worldwide (3). There is 
therefore raising concern about a growing pop-
ulation burden of cancer; moreover, the current 
COVID-19 pandemic has significantly impacted on 
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the continuum of cancer care (4) delaying cancer 
screening, diagnosis, and treatment, likely worsen-
ing previous projections. 
Unfortunately, the expected high burden of cancer 
will exact a high toll not only in terms of lives but also 
from an economic point of view: cancer will still be 
a major public health challenge in the next decades 
bringing National Health Systems at risk of collapse.
In this scenario and with the current high level of 
knowledge and technologies available, are ‘we’ - as 
citizens, researchers, doctors, politicians - doing all 
we possibly can to tackle cancer? Probably not. The 
rush to identify ways to detect and treat COVID-19 
has thought us that when governments, pharma, 
public and private institutes invest hugely in re-
search, when all the scientific community, publish-
ers, regulatory agencies are committed towards the 
same goal, progress can take place at an unprece-
dented pace. It is time to rethink our strategies to 
better direct our common efforts to defeat cancer.
With this objective in mind, we are launching An-
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nals of Research in Oncology, a new e-journal aimed 
at promoting a multidisciplinary integrated ap-
proach against cancer serving as a platform for 
the publication of cutting edge research, spanning 
the broad areas of basic, translational and clinical 
oncology. The journal stems as the need of a com-
munity of scientists, equally engaged in the war 
against cancer, to build bridges across the many 
different disciplines that study cancer in each pos-
sible aspect and to promote collaboration, debate 
and development of innovative solutions. 
On these bases, this first issue of Annals of Research 
in Oncology brings together a set of articles focused 
on different themes. The article by Mangone and 
colleagues reports the impact of the National lock-
down owed to COVID-19 on cancer diagnosis in 
Reggio Emilia, an Italian province in the Northern 
area that was heavily hit by the disease (5). The 
authors analyzed the incidence of all cancers and 
of cancer of the major sites registered pre-, during 
and post-lockdown compared to same months in 
the previous year. Consistently with expectations, 
they found a decrease in cancer diagnoses, in par-
ticular for those cancer types for which screening 
programmes are conducted (breast and colorectal) 
and in the older people. The authors suggest that 
diagnostic programmes need to be resumed at the 
earliest to limit the impact of diagnostic delay on 
patients prognosis (5). Lasagna and colleagues in-
stead propose a simple double-step triage strategy 
that functioned in maintaining cancer patient and 
health care worker safety during COVID-19 emer-
gency (6). Still on the impact of COVID-19, Cagnazzo 
and coauthors (7) analyze some major criticalities 
concerning cancer research and management dur-
ing the pandemic, including the effect on the ongo-
ing clinical trials and on how the emergency showed 
the crucial role of expert healthcare professionals, 
proposing new strategies for the future. Stressing 
the importance of the need of qualified personnel, 
Testoni et al. (8) describe a new path for the possible 
stabilization of researchers who have at least three 
years of experience in Institutions of the National 
Health System, which was recently introduced in It-
aly. Italy neglected for too many years research in-
vestments and, despite spending on training at con-
siderable costs, many scientists are forced to leave 
the country while those who stay are left with very 
poor prospects. COVID-19 once again showed all 
the insanity of such unwise policies: the governors 
had to rush to recruit health personnel during the 
pandemic, even including those who had not com-

pleted the full specialization programme. 
The recent advent of immunotherapy, as a new 
fundamental pillar of cancer therapy, has chal-
lenged the health systems because of the high cost 
of immunotherapy drugs. The article by Di Maio 
and colleagues analyzes the cost-effectiveness of 
different dosing schemes of nivolumab in the real 
world suggesting a strategy that could minimize 
costs without losing efficacy (9).  
Cenciarelli and coauthors present a new possible 
strategy that could possibly counteract some types 
of glioblastoma recurrence. In particular, the au-
thors engineered T cells with Fcγ-chimeric receptors, 
which are able to elicit antibody-dependent cellular 
cytotoxicity, and challenged glioblastoma-derived 
EGFR+ cancer stem cells in combination with mon-
oclonal antibodies against EGFR. Interestingly, this 
approach was able to induce cell death in the target 
cancer cells while T cells generated a fully compe-
tent immune response including INFγ and TNFα ex-
pression upon recognition of target cells (10). 
Delfanti and colleagues report the results of the 
PLANET trial, a monocentric, prospective, rand-
omized, placebo-controlled, double blind, phase 
II clinical study designed to assess whether the 
association of vitamin E and super oxide dismu-
tase could prevent oxaliplatin-induced peripher-
al neuropathy in colorectal cancer patients. Such 
neuropathy is a common side effect in patients re-
ceiving this chemotherapy regimen. Although the 
treatment was well tolerated however it was not 
effective in significantly reducing the toxicity mak-
ing the authors hypothesize that further approach-
es should be combined to counteract the multifac-
torial origins of the neuropathy (11).
Finally, this first issue of Annals of Research in On-
cology hosts two review articles focused on timely 
topics: Sepe et al. (12) describe the current use of 
combination immunotherapy approaches to treat 
and tackling resistance of metastatic renal cell car-
cinoma, whereas Crucitta et al. review fluoropyrimi-
dines metabolism and discuss how gene variants 
that impair dihydropyrimidine dehydrogenase ac-
tivity can cause severe toxicities in patients treated 
with fluoropyrimidine-based chemotherapy, fur-
ther supporting the recent recommendations for 
the implementation of pharmacogenomic testing 
in these patients (13). 
We hope that our readers will enjoy this issue and 
join our community to rethink the way we fight can-
cer, being more engaging, better focusing our glob-
al efforts, better harnessing our technology tools.
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IMPACT STATEMENT
The paper provides an overview of the actions 
taken to preserve clinical research during the pan-
demic, some of which it would be important to 
maintain in the future.

INTRODUCTION
Since the beginning of SARS-COV2 outbreak in 
Wuhan, more than 54 million people have been 
infected all around the world, reaching over a mil-
lion deaths (1). The rapid spread of the COVID-19 

pandemic posed an unprecedented challenge for 
healthcare and research systems, facing the worst 
crisis in the last 50 years (2). 
In the early phase of the pandemic outbreak, Italy was 
the most affected European country: the first forced 

https://www.annals-research-oncology.com/clinical-research-during-covid-19-spread-managing-an-emergency-within-a-pandemic-outbreak/
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to a profound re-organization of the healthcare sys-
tem, to not only effectively handle the pandemic but 
also keep the routine patient management and care.
In this scenario, the research system had to pro-
vide scientifically useful and rapid answers, under 
an unprecedented media pressure.

HEALTHCARE HOSTAGE OF THE 
COVID-19
Providing care to patients has been extremely 
challenging, especially for oncologists.
Cancer patients infected with COVID-19 coronavirus 
have a 3.5 times increased risk of requiring admis-
sion in an intensive care unit (3); moreover, as most 
of adult Cancer Department resources are used to 
respond to the health emergency, patients are often 
treated in centres already suffering, due to the pan-
demic, from limited resources and instruments (4).
In dedicated cancer centres, the general policy was 
to attempt to stay COVID-19 free, to ensure that 
enough clinical and intensive – care capacity could 
be reserved for critical cancer situations (5). An 
impossible goal for non-dedicated cancer institu-
tions, to the point that international cancer soci-
eties decided to spread out priority driven guide-
lines for the management of onco-hematological 
patients during the emergency period (6). 

READJUSTING CLINICAL TRIALS
The pandemic has caused a massive disruption 
in research worldwide; laboratories have closed, 
communications shut down, conferences can-
celled and thousands of clinical trials (around 80% 
of non-COVID-19 ones) temporarily or perma-
nently suspended. Furthermore, many research-
ers have been transferred, especially in the first 
months of the emergency, from clinical trials ac-
tivity to operating in emergency and/or COVID-19 
dedicated units (7).
A marked decline in screening and patient accrual 
has been detected (8), although in many cases only 
new recruitments were suspended, while already 
included patients continued to receive treatment 
thanks to alternative plans, jointly implemented by 
founders, institutions and regulatory authorities. 
This profound disruption has also affected the 
field of paediatric cancer, the early-phase clinical 
research above all (9).

Vol. 1(1), 7-12, 2021

During COVID breakdown, Pharmaceutical Indus-
tries and Sponsors made efforts to accelerate trial 
innovations providing digital tools thus allowing 
virtualization of certain processes to protect pa-
tient safety and trial integrity, also with support 
from regulatory guidelines (10). Simultaneously, 
Regulatory Agencies, first of all the Italian “Agen-
zia Italiana del Farmaco (AIFA)”, have implemented 
extrAROdinary measures to guide stakeholders in 
ensuring patient care and maintaining good data 
quality (11-13).
Indeed, we can pinpoint the main goals of these 
regulatory guidelines in clinical research being: the 
safeguard of patient safety, guaranteeing therapeu-
tic continuity and the work ship of data integrity and 
consistency. Actual operating instructions are widely 
spread also with the help of scientific societies (14).
New trials regarding COVID-19 infection were 
fast tracked, existing inefficiencies were promptly 
identified and streamlined, Good Clinical Practices 
(GCP) applied in a less conservative way, demon-
strating that a reasonable balance between pa-
tient safety, regulatory burden, scientific quality 
and integrity may not be a utopia.
Patients remain central in any decision at all times 
from clinical to research activities, also during the 
adjustment of ongoing clinical trials. This centrality 
is the driving force behind various guidelines, lead-
ing especially in Italy, to the unhinging of rules that 
seem like engraved in stone.
Below, we highlight five innovation key points in-
troduced by the guidelines for the management of 
clinical studies in the emergency period. Five nota-
ble reflections, perhaps worthy of being taken into 
consideration even in non-emergency times.

Telemedicine and activities outside the 
experimental site
Travel restrictions adopted during the pandemic 
led to delays and in some cases the impossibility 
for many patients to reach the trial sites at sched-
uled visits and laboratory or instrumental tests. In 
order to minimize the risk for patients to withdraw 
from treatment, regulatory authorities granted the 
possibility to perform blood tests, imaging or other 
diagnostic tests at the nearest local facility, provid-
ed it be certified as per national requirements.
This experience may be continued and integrated 
into clinical trial procedures, especially for the benefit 
of patients living far from specialized centres, at least 
for procedures not correlated to the primary end-
point of the study. Obviously if this practice becomes 
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routine, valid mechanisms should be established to 
track and reimburse these extra institutional proce-
dures. In addition, the staff of the peripheral centres 
should be adequately trained, and a clear division of 
responsibilities must be put in place under the su-
pervision of the team, this being an objective easily 
achieved by strengthening the research networks 
(15). Efforts to protect the patient have gone so far 
as to enable direct dispatch of oral medication from 
the hospital pharmacy to the patient’s home, anoth-
er practice that, after careful planning and adequate 
workforce, may become standard procedure.
The need for physical distancing to protect patients 
and research staff also motivated Countries to rapid-
ly implement telemedicine programs (16). Telemedi-
cine has already been around for 20 years, however 
before the pandemic it was mostly underused and 
in many cases hampered by administrative and/or 
bureaucratic barriers, such as the need for costly 
nationwide standardized payment policies, that ul-
timately prevented this approach from being incor-
porated into clinical practice or clinical studies (17).
Having said that, many study-specific activities can be 
potentially provided through electronic tools: med-
ical history collection, evaluation of quality of life, 
informed consent discussion and signature, re-con-
sent and follow up visits are just some examples.

Decentralization and remote oversight
Another consequence of the restrictions imposed 
by the pandemic concerned the impossibility of 
carrying out on-site monitoring visits by CRA or 
Sponsor delegates, forcing replacement with alter-
native forms of oversight and monitoring.
Despite the fact that some forms of monitoring and 
especially of source data verification (e.g., use of 
Skype or Zoom) have currently been prohibited in  
many European Countries by local data protection  
policies, alternative ways such as mixed and risk-
based systems, should not be excluded and could 
make way for large economic savings, all the while 
guaranteeing patient safety. This is especially true 
for studies promoted by non-profit organizations 
(18). There is no doubt that this evolution cannot 
occur without a general technological advance-
ment of healthcare, especially in Italy, starting from 
electronic medical records, that are still far from 
being successfully or uniformly implemented.
Furthermore, remote work should become stand-
ard practice at least partially for audits and inspec-
tions, albeit maintaining certain activities that can-
not be deferred on site.

A single ethical evaluation
The process adopted to quick start COVID-19 trials in 
Italy, which requires the approval by the Agenzia Ital-
iana del Farmaco (AIFA) and that of only one Ethics 
Committee (EC), instead of every EC of each exper-
imental centre involved, has significantly shrinked 
the timeline for authorization (14.1 ± 9.8 days rather 
than a mean of about 150 days). This was the big-
gest novelty for Italy, for a long time accustomed to 
a multitude of Ethics Committees and a redundancy 
of start-up procedures, often suffocating studies.
Considering the success of this approval process 
during the pandemic, it would be desirable to 
maintain it, also considering that this would finally 
bring us in line with the provisions of the Europe-
an Regulation 536/2014 already fully implemented 
by other European Countries like Spain, and ulti-
mately slashing costs of submission. Moreover, 
this could be applied to different types of clinical 
research, observational studies included.
Some concerns regarding this approach regard the 
possible overload for the Ethics Committee and 
the risk that a single ethical opinion might reduce 
the strictness of the evaluations. This being said, 
the current number of Ethics Committees existing 
in Italy (around ninety) and the number required 
by the Law 3/2018 should allow a not so onerous 
distribution of the authorization procedures.
Intermediate solutions could be evaluated, such 
as the establishment of a few highly specialized 
committees in the various areas of research, or in 
specific pathologies, which could be called upon 
depending on their expertise and on the subject 
of the experimentation, all the while guaranteeing 
that a national opinion is expressed.

Bureaucracy give way to science
The administrative burden of clinical research is a 
problem that has been alarming stakeholders (18) 
and contract and budget negotiations have been 
identified as time-consuming procedures interfering 
with study participation, to the point that the Amer-
ican Society of Clinical Oncology recommended the 
adoption of standardized contract templates (19).
Although in Italy the National Coordination Centre 
of Ethics Committees recently released a standard 
contract template for profit interventional studies, 
the negotiation process is still excessively cen-
tre-dependent and delayed by additional proce-
dures imposed by the individual institutions and/
or ethical committees. In addition, there are still 
ongoing redundant procedures requiring periodic 
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collection of identical documents that could easily 
be shared  between study promoters (e.g., curric-
ula, trainings, certifications) and the reluctance to 
adopt simplifications that could save a lot of time 
and energy, trivially the use of the electronic sig-
nature.
On this subject, many exceptions have been grant-
ed during the pandemic thus enabling us to witness 
in Italy the kick-start of an academic study with the 
involvement of 600 centres in just 3 weeks. Note 
this was a prestigious study, evaluated by AIFA.
Finally, we ought to necessarily stop and consid-
er how much work we have done so far was really 
useful in order for bureaucracy to give way to sci-
ence once and for all.

No chance for research without professionals
The emergency period has emphasized how pro-
fessionals dedicated to the management of the 
clinical trials and data collection, such as the Study 
Coordinator and Study Nurses, play a crucial role 
for the success of a clinical study, particularly in 
support of Investigators.
The current legislation requires their mandatory 
presence for phase 1 centres, and the Law 3/2018 
imposes that “clinical trials of medicines make 
use of specific professionalism in the field of data 
management and research coordination”. How-
ever, these professional figures are substantial-
ly under-represented; adding to, a considerable 
heterogeneity in terms of education backgrounds, 
training and job descriptions, there is the of con-
tractual stabilization and the lack of professional 
recognition at an institutional level (20, 21).
Nevertheless, there is ample evidence in literature 
that the presence of research infrastructures in-
creases the performance of the centre and these 
are now mandatory, also given the whirling in-
crease in the complexity of the research (22-24). 
During the pandemic there was a deep gap be-
tween structures with strong infrastructures, 
which managed to keep their research projects 
going and even promote new ones, also thanks to 
the possibility of implementing smart working (25), 
and small research centres which, having no ade-
quate staff, were forced to stop clinical research 
activity all together.
Especially in view of at full application of European 
legislation, which will greatly increase the complex-
ity in the management of studies for non-profit 
organizations, the stabilization of these resources 
can no longer be postponed (26).

PREPARING FOR THE FUTURE
The COVID-19 pandemic has caused an unparal-
leled global emergency, but at the same time it 
has triggered a profound analysis of ethics and 
research organization. Above all, it has allowed to 
make a way for a new vision of clinical research.
Clinical trials are an essential tool for scientific pro-
gress but COVID-19 has exposed aspects regarding 
their design and conduct that could be improved 
and simplified. Most trial aspects could be stream-
lined and modernized, and bureaucracy lightened 
without dramatic consequences at the expenses of 
research quality and consistency.
The innovations introduced during the pandem-
ic by regulatory authorities have proved so suc-
cessful that many stakeholders are clamouring to 
keep them even when the pandemic will be finally 
over (27-30).
Primarily Italy, which has always been pointed out 
as a slow Country with excessively cumbersome 
bureaucracy, through the joint work of Institution, 
regulatory authorities and stakeholders could re-
cover its prestigious place in the world of research.
The important lessons learned during the pandem-
ic must not disappear at the end of the emergency.
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ABSTRACT
The “Researchers’ Pyramid” has represented the first 
main effort to formally recognize in Italy a specific 
category of professionals that, despite working in 
the healthcare field, has never been able to benefit 
from the stabilization options granted to the rest of 
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the medical and healthcare staff. Stabilization of re-
searchers by the Pyramid should in fact represent a 
chance to hire a large number of professionals that 
have been working in local public IRCCS and IZS for 
a long time, like the Clinical Research Coordinators.
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BACKGROUND
The research in Italy is characterized by profound 
contradictions: great minds working in a system 
lacking economic resources and completely based 
on precariousness, as well as the total nonexist-
ence the researcher as a profession in the National 
Health System. A scenario that clashes with the ap-
plication of the European Charter for Researchers 
principles (1): researchers as professionals; stim-
ulating and well-equipped research environment 
and training centers; flexibility required to conduct 
research activities; stability of working conditions; 
adequate salary and social security and profes-
sional growth; geographic mobility, both intra-sec-
torial and between public and private centers; in-
tellectual property right.
The only effort that in the recent years has been 
made in our country is a ministerial reform called 
”Researchers’ pyramid”, a long reform work addressed 
to public cancer research and treatment (IRCCS) and 
zoo prophylactic institutes (IZS). Started in June 2016 
with a mapping of all precarious staff (approximate-
ly 3800 people, 44 clinical research professional 

KEY WORDS
Pyramid; researchers; stabilization; skills; 
precariousness. 

profiles, divided into two different categories: re-
searcher and research supporting professionals) (2) 
culminated in  late 2019 with the approval, by the 
Council of Ministers,  of the contract template signed 
by the Agency for the Negotiation Representation of 
Public Administrations (ARAN) and by the involved 
labor unions (3). The reform process collectively 
known as the “Researchers’ Pyramid” (4-8) provides 
a 10 year working path: a 5-year, fixed-term subordi-
nate employment contract, renewable for a further 
5 years after a positive suitability assessment and in 
the presence of two types of conditions:

1. subjective: if the researcher is successfully evalu-
ated based on productivity modalities and criteria;

2. objective: if the Center has financial availability.

The positive evaluation after ten years would ena-
ble, after verification of compliance with regulato-
ry requirements, the inclusion of this new role in 
the National Health Service, in a way that still need 
to be defined.

Vol. 1(1), 13-23, 2021

During the last trimester of 2019, we decided to 
start an investigation on the impressions of re-
searchers about the new legislation, which in-
troduced the researchers’ Pyramid. This is a new 
path of 5 + 5 years thought to culminate with the 
stabilization of the researcher according to merit 
criteria, which should have ensured a big turning 
point compared to their working conditions. Three 
months later, in the midst of a national emergen-
cy, we verified how much the reform staff had 
really impacted the working life of people who at 
that time should be totally dedicated to research 
against the virus.
Over half of respondents is optimistic regarding 
the actual benefit of the reform for employment 
stability. Over half (63.4%) of the “not optimistic 
respondents” considers the Pyramid a false path 
towards stabilization. Concerns were expressed 

in relation to the evaluation criteria during the 
ten-year period, considered by a third of the inter-
viewed too exclusive and often not very suitable. 
Many individuals (41.5%) report the poor valoriza-
tion of personnel and much apprehension was re-
corded relating to the possibility of extending the 
reform to other institutes. Only 1412 of the over 
35,000 potential beneficiaries have been hired.
The reform overall seems like an important oppor-
tunity for entry level or inexperienced personnel, a 
watered-down compromise for expert profession-
als. The fear conveyed from the great majority of 
the interviewed is that the pyramid is only a trick. 
It talks about a stabilization process, although it 
hasn’t clarified how, after the ten-year period, this 
will take place. It also allows a partial solution of 
the problem in a very small share compared to the 
total number of clinical centers that do research. 

IMPACT STATEMENT
The paper provides an overview of the research-
ers’ impressions about the new legislation that 
should have ensured a big turning point compared 
to their working conditions. 
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In order to favor “veteran precarious”, the person-
nel that by 31/12/2017 had accrued at least 3 years 
of seniority in the last 5 years were granted access 
to the new contracts without having to pass a new 
examination.
The commitment of the ministry has divided pub-
lic opinion from the very beginning. On one hand, 
Institutions and the directors of institutes involved 
have always strongly defended it, describing it as a 
historical initiative that would have brought great 
advantages for the precarious personnel. On the 
other hand, researchers and the research person-
nel in time have become ever more hesitant in 
regards to its actual feasibility, denouncing major 
shortcomings in the contents of the reform (9-11). 
During the last trimester of 2019, unaware of how 
much the research scenario would have changed 
due to COVID-19, we decided to launch an investi-
gation on the impressions of potential beneficiaries 
of the Researchers’ Pyramid and to identify the crit-
ical elements of this reform. Three months later, in 
the midst of a national emergency, we verified how 
much the reform staff had really impacted on the 
professional life of people who at that time were 
completely dedicated to research on the virus.
During this period of deep emergency, in fact, pub-
lic opinion has restored a great deal of interest in 
clinical research and the key role of researchers. 
Particularly in Italy, deeply affected by the emer-
gency, people have regained their trust towards 
the  work of health professionals and have widely 
called upon the research field to make the ultimate 
effort. However, if on one hand this has prompted 
the competent authority to put in place a series of 
measures to try to speed up clinical trials and the 
use of effective drugs (12-14), on the other hand it 
has once again underlined the profound precari-
ousness of Italian research.

METHODS
In September 2019, the GIDM (Gruppo Italiano Data 
Manager) shared with its members an online sur-
vey that could be completed anonymously, meant 
for the biomedical research personnel in Italy.
The questionnaire comprised of a descriptive sec-
tion with a short summary of the main novelties 
introduced by the Researchers’ Pyramid and a link 
to another page for more information, followed by 
different questions (binary or multiple choice, short 
answer, scoring question), divided in two sections:

Vol. 1(1), 13-23, 2021

• general – respondent’s information: type of work-
place, knowledge on the Ministry’s initiative, gen-
eral impressions on the topic;

• specific – respondent’s evaluations on the single 
novelties introduces by the reform.

A copy of the survey is contained in available in ap-
pendix 1-survey.
Two semi-structured questionnaires were used as 
pilot to interview 10 researchers and 10 research 
assistants, coming from 5 institutes representing 
all the typologies foreseen by the questionnaire.
It is impossible to make a precise estimate of the 
study sample size, as GIDM members were given 
permission to spread the questionnaire among 
other colleagues. Considering the impossibility 
to define a priori a sample of respondents and 
considering the nature of the investigation, the 
decision was made to keep the survey open for 3 
months and analyze the data, once more than 50 
responses have been registered. Data were ana-
lyzed at the end of December.
In March 2020, a revision of the official documenta-
tion available was made to understand how many 
researchers and support staff had actually benefit-
ed from a stable contract, being able to “officially” 
work even during lockdown.

RESULTS
The questionnaire was completed by 147 respond-
ents; the majority (n = 109, 74%) has declared to be 
already familiar with the Ministry’s initiative. As for 
the direct seniors of the respondents, a large por-
tion (n = 64, 43.5%) seems unaware of the reform 
and in many cases (n = 53, 36.1%) their knowledge 
on the subject is not reported.
The origin of the respondents is diverse, the ma-
jority being employed at public IRCCS/IZP (n = 78, 
53.1%) or public Hospitals/University/Local Health 
Company (n = 50, 34.0%) (figure 1).
The respondent’s profession was not included in 
those listed in the Pyramid in the minority of cases 
(n = 28, 19%), while for the greater part it corre-
sponded to a profession included in the “Clinical 
Research Assistant” (n = 21, 55.1%) and “Clinical 
Researcher” categories (n = 38, 25.9%).
Regarding the actual benefit of the reform in terms 
of employment stability, over half of the respond-
ents declared to be optimistic (Group A: n = 101, 
68.7%). Of the remaining share (Group B), almost 
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all (Group C, n = 41, 89.1%) were willing to provide 
three main reasons why the Pyramid would not be 
an adequate solution (figure 2).
Over half of the sample of the Group C (n = 26, 
63.4%) considers the Pyramid a false path towards 
employment stabilization, leading to a prolonga-
tion of the precarious status, and, as highlighted 
by 15% of the interviewed (n = 7), without even 
providing real motivations on the process of inclu-
sion at the end of the ten-year period in the Pyra-
mid. Concerns were also expressed in relation to 
the evaluation criteria during the ten-year period, 
considered by a third of the interviewed (n = 11) 
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n = 78
(53.1%)n = 50

(34.0%)

n = 15
(10.2%)

n = 4 (2.7%)

Public IRCCS/IZP

Public Hospitals/University/Local Health Company

Private IRCCS/Hospitals

Other

Total respondents: 
n = 147

Figure 1. Workplace of respondents.

Total respondents:
n = 147

Question 2
Do you think the Pyramid is a useful stabilization

method for staff?

Question 3
If you answered no to the previous question, list

the three main reasons: (open answer, not
mandatory)

Group A
YES

n = 101
NO

n = 46

Reply given
n = 41

No reply
n = 5

Group C

Group B

Figure 2. Impressions regarding the real usefulness of the reform for staff stabilization.

to be too exclusive and often not very suitable 
for the assigned role. Many individuals report (n 
= 17, 41.5%) the poor personnel recognition, due 
to inadequate pay and lack of a managerial-pro-
cess. Much apprehension was recorded relating to 
the possibility of extending the reform to the non 
IRCCS/IZS public institutes (n = 4, 9.8%), the actual 
feasibility and sustainability of the system (n = 2, 
4.9%), and the accuracy of the established criteria 
to access the pyramidal course (n = 2, 4.9%).
Returning to the total sample, when called to give 
a vote between 1 (low) and 10 (high) on the extent 
of the pyramid as the solution, even if partially, 
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them (n = 88, 59.9%) considers it consistent with 
their educational and professional background, 
while the remaining portion holds an opposite 
position. Among the given reasons for the latter, 
the following stand out: a) the flattening of the 
background compared to that of the majority of 
potential beneficiaries (39% of respondents), b) 
the inadequate remuneration (33.9%), and c) the 
impossibility to pursue a managerial position. The 
question as to why the possibility to pursue a man-
agerial position was not included is shared among 
all respondents: 92.5% (n = 146) does not agree.
When having to say with a score from 1 (low) to 
10 (high), to what extent the contract suggested by 
the Pyramid elevates the professional figures in-
cluded, the respondents expressed an intermedi-
ate opinion with an average score of 5.5.
As for the remuneration, focusing on those re-
spondents working for public IRCCS/IZS that en-
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Figure 3. Reasons for not entering the pyramid.

to precariousness, the average vote was 5.5, with 
most respondents having an intermediate opinion 
(scored 5: n = 28, 19%; scored 6: n = 26, 17.7%).
Collected votes regarding the actual possibility to 
extend the reform to public institutes showed a 
similar average result (5.2), while more optimism 
emerged in relation to the potential implementa-
tion of the pyramid system in private IRCCS and 
hospitals (average score 6.6) (table I).
Of those working in public IRCCS/IZS, more than 
half (n = 45, 53.8%) was granted access to the py-
ramidal stabilization process, 29 (37.2%) were cut 
out, and a smaller portion denied having knowl-
edge in the matter (n = 7.9%). The most common 
reason for being excluded was the lack of neces-
sary prerequisites (n = 14, 48.3%) (figure 3).
In terms of the specific employment categories de-
scribed in the reform, the respondents have not 
expressed a clear-cut position: a little over half of 

POTENTIAL EXTENSION

SCORE N (%)

1 2 3 4 5 6 7 8 9 10

PUBLIC INSTITUTES 18
(12.4)

12
(8.3)

11
(7.6)

11
(7.6)

24
(16.6)

19
(13.1)

19
(13.1)

10
(6.9)

5
(3.4)

16
(11.0)

IRCCS/PRIVATE 
HOSPITALS

15
(10.2)

6
(4.1)

3
(2.0)

12
(8.2)

21
(14.3)

22
(15.0)

28
(19.0)

17
(11.6)

7
(4.8)

16
(10.9)

Table I. Possibility of extending the reform to other institutions.
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tered the stabilization process, the majority  (n = 
25,  59.5%)  considers  their  future  wage will de-
crease compared to their current one, a large por-
tion (n = 15, 35.7%) believe it will not be subject to 
substantial differences, while only two were confi-
dent on an increase in wage.
A wide range of responses was collected regarding 
to the degree of possibility that, following the ten-
year process outlined by the Pyramid, the personnel 
would be in fact stabilized, with only a minor portion 
of respondents (n = 23, 15.6%) convinced that chanc-
es for this to occur could be over 50% (figure 4).

With the first (and for now only) hiring phase, 1412 
professionals were hired (five-year contract), for a 
total of 31 institutions involved (figure 5). 

DISCUSSION
This reform program led by the Ministry, the “Re-
searchers’ Pyramid”, has represented the first 
main effort to formally recognize a specific cate-
gory of professionals that, despite working in the 
healthcare field, has never been able to benefit 

n = 23

n = 31
n = 28 n = 29

n = 36

<5% 5-15% 16-25% 26-50% >50%

Possibility of stabilization after 10 years

Total respondents: 
n = 147

Figure 4. Possibility of stabilization after 10 years.

660
651

101

Researchers

Research supporting professionals

Not specify

Figure 5. Number of professionals hired (five-year contract).
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very restricting prerequisites, particularly for the 
clinical researcher’s profile.
The investigation has also confirmed the inadequa-
cy of the professional status in respect to the edu-
cational and professional background of the poten-
tial beneficiaries. The two categories established by 
the reform, despite including seniority upgrades, 
will never equal those of current health managers. 
This aspect is in contrast with the curricula of the 
personnel identified by the Ministry that, often, in 
addition to the decennial experience acquired on 
the job, has been recognized with prestigious aca-
demic titles, such as specialization courses and/or 
PhDs. An understatement of abilities is a danger-
ous risk reported by the respondents and already 
highlighted in the past by several professionals. A 
decrease in salary is yet another risk for many of 
those who have access to the pyramidal system 
that will have to face a reduction of their salary 
compared to their current one, to the point that it’s 
preferable not to access the pyramidal system.
The professional classification also calls for atten-
tion that, in both categories envisioned by the Min-
istry, is very specific: in case of absence of an exec-
utive position in the pyramid, professionals would 
end up to with supervisors that could possibly be 
lacking necessary skills to supervise.
The reform, overall, seems like an important op-
portunity for entry level or inexperienced person-
nel, a watered-down compromise for expert pro-
fessionals.
The numbers regarding the implementation of the 
reform are also not very encouraging: 1412 people 
are undoubtedly a small group compared to the 
totality of professionals who have been waiting for 
a real contract, often for decades. 
Indeed, not less important, the fear conveyed from 
the great majority of the interviewed and already 
notified by groups of this field: Pyramid talks about 
a stabilization process, although it has not clarified 
how, after the ten-year period, this will take place. 
For this reason, for now, as most professionals put 
it, it is all a matter of procrastination of the issue, 
with most of them believing only a minimal por-
tion will be indeed stabilized. In fact, industry as-
sociations often remember 1412 people hired for 
now have only a five-year contract in their hands, 
very different from the chimera of the indetermi-
nate contract advertised by Institutions (15). It will 
be very interesting to investigate with future work 
on the percentage of actual reconfirmations in the 
10 years foreseen by the pyramid and above the 

from the stabilization options granted to the rest 
of the medical and healthcare staff. Stabilization of 
researchers has in fact always been a privilege for 
few, de facto unattainable for those research pro-
files considered “atypical”, like that of the Clinical 
Research Coordinators.
This process pictured by the Pyramid should rep-
resent, provided it is indeed achievable and finan-
cially sustainable, a chance to hire a large number 
of professionals that have been working in local 
public IRCCS and IZS for a long time.
However, despite the great emphasis given to this 
initiative by politics and some of institutes’ direc-
tors, most of the potential beneficiaries and trade 
unions have bitterly criticized it in terms of content, 
highlighting many critical points. A first major incon-
sistency are the criteria to access the Pyramid: the 
fact that in order to benefit from the reform it is re-
quired for the professional to have accrued 3 years 
of seniority in the last 5 years in the same work-
place, has de facto cut out many professionals that, 
despite being able to count up to decades of senior-
ity will not be recognized with the latter because ac-
crued under a different contract type that excludes 
a dependent relationship (VAT, scholarships) and/
or neutralized by several contract interruptions. 
This data is confirmed in our research, according to 
which the lack of the prerequisites is the most com-
mon reason for failed access to Pyramidal system.
Another critical aspect lies in the indicators that 
should be used for the periodical renewal accord-
ing to the pyramidal system. The first drafts of the 
decree necessary to clear out this aspect had from 
the start reflected very restrictive prerequisites, 
conflicting with the possibilities pyramidal profes-
sionals were offered, de facto seeming much more 
restrictive compared to those that were currently 
used to evaluate the existent executive directors 
(managerial profiles), who ultimately will remain 
greatly privileged both on a professional categori-
zation level and on a financial one, unlike the bene-
ficiaries of the reform. This reform would increase 
the despised 3 approach of “Publish or Perish”, so 
to speak, that already underlies clinical research. 
Moreover, the publication indicator is not appli-
cable with most profiles included in the Pyramid 
(clinical research coordinators, budget and con-
tracts office and library staff) who’s main focus is 
far from that of publishing scientific papers. The fi-
nal version of the decree, published while the sur-
vey was still available for completion online, has 
ultimately confirmed these concerns, by indicating 

Vol. 1(1), 13-23, 2021
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aly is a precarious worker; a reality that has greatly 
stirred public opinion coming to terms with a prob-
lem well known among experts, that had been 
pointed out for years. “Underpaid excellences”, 
3,500 precarious workers make Italian research 
great”, newspapers wrote (26). 
How can these “ghost professionals” contribute to 
the battle towards COVID, particularly now that as 
non-employees their access to the hospital / re-
search centers is denied? In full awareness of not 
being able to formally suggest a revision of the law, 
we would like to underline the most critical aspects  
being: i) the lack of a concrete career possibility for 
researchers, ii) the absence of salary adequate to 
the level of education and the skills acquired, iii) 
the total uncertainty about what can happen to the 
researcher at the end of the 10-year period fore-
seen by the pyramid.

ETHICS 

Fundings 

There were no institutional or private fundings for 
this article.

Conflict of interests 
The authors have declared no conflict of interests. 

Availability of data and material 
N/A

Authors’ contribution 
ST, CC: conceptualization; ST, CC, AF: methodology; 
CC, IF: formal analysis; ST, CC, SS: formal investiga-
tion; CC: data curation; ST, CC, RC: writing - original 
draft preparation; SS, ASEG, MM, SP, CT: writing - 
review & editing; ST, CC: supervision; ST, CC: pro-
ject administration. 

Ethical approval 
N/A

share, and modalities with which this staff will offi-
cially and permanently become an integral part of 
the National Health System.
A delicate issue remains unresolved: the reproduc-
ibility. 
Assuming that these issues will be resolved and 
that the permanent stabilization of public IRCCS 
and IZS will become reality, there is still great skep-
ticism in relation to the possibility of extending 
this initiative to private IRCCS/Institutes. Particu-
larly regarding to the extension to public hospi-
tals, universities and ASL that, despite not having 
been contemplated by the Ministry, keep on rep-
resenting an important research source, both ba-
sic and clinical, and that to this day are still subject 
to unsustainable employment loss. The number of 
centers involved in clinical research in Italy is close 
to two thousand, a much larger number than the 
share of institutions that can benefit from the re-
form. Does the staff in these centers have less of a 
right to consider research a job?
Meanwhile, the virus continues to circulate and 
there is more and more talk on research. Perhaps 
the time has become to consider it a real job, not 
just a passion.
By the  end of 2019, the rapid spread of the new 
severe acute respiratory syndrome (SARS) corona-
virus (CoV), named SARS- CoV-2 or 2019- nCoV (16-
18), made Italy one of the most affected countries: 
with 37 860 confirmed cases and 4032 deaths ac-
cording to the data of Istituto Superiore di Sanità 
on 20th of March 2020 (19). The arrival of the pan-
demic has put a strain on our nation, from many 
points of view. Firstly on our National Health Sys-
tem, already strongly weakened by years of con-
tinuous cuts, poor investments and little attention 
from politics to the point that  Nature denounced 
it on February 2018 (20). 
On an economic level, with a very long lockdown 
period and, no less important, on an organization-
al and psychological level, with the life of health 
workers completely out of whack (21-25). 
Even the biologist who first isolated the virus in It-
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APPENDIX 1-SURVEY 

Section one

1. Were you already aware of this Ministry initia-
tive?
a. Yes
b. No

2. Do you think it is a useful stabilization method 
for staff?
a. Yes
b. No

3. If you answered no to the previous question, list 
the three main reasons: (open answer).

4. To what extent do you think it may be a solution, 
albeit partial, for the problem of precariousness 
in the research sector?
(score from 1-low, to 10-high).

5. To what extent do you think this initiative can be 
transferred to private IRCCS or hospitals?
(score from 1-low, to 10-high).

6. To what extent do you think this initiative can be 
transferred to non-IRCCS institutions?
(score from 1-low, to 10-high).

7. Does your profession fall into one of the two 
profiles indicated in the   contract?
a. Yes, Researcher
b. Yes, Professional Health Research Collaborator
c. No

8. In what type of facility do you work?
a. Public IRCCS/IZS
b. Private IRCCS/Hospital
c. Public Hospital/University/ Local health Company

9. If you work in a Public IRCCS / IZP, have you entered 
the stabilization path envisaged by the Pyramid?
a. Yes
b. No

10. If you have not entered the stabilization path, 
can you indicate the reason? (open answer).

Section two

1. Based on your role and job description, do you 
consider the professional category foreseen in 
the contract (D special / D) to be appropriate?
a. Yes
b. No

2. If you answered no to the previous question, 
please indicate the 3 main reasons (open an-
swer).

3. How much do you think that the contract pro-
posed by the pyramid adequately enhances the 
professional figures it frames?
(score from 1-low, to 10-high).

4. In what percentage do you think that, at the end 
of the ten-year path envisaged by the contract, 
the staff will be effectively stabilized?
a. < 5%
b. 5-15%
c. 16-25%
d. 26-50%
e. > 50%

5. The Pyramid has 3 contribution brackets, but 
excludes a management path. Do you think it 
correct?
a. Yes
b. No

6. If you work in a public IRCCS / IZP and are part 
of the stabilization process, you believe that the 
new contract will be, on a salary basis:
a. Disadvantageous compared to the previous 

one
b. Similar to the previous one
c. Advantageous compared to the previous one

7. Are its managers aware of the innovations intro-
duced by the Pyramid?
a. Yes
b. No
c. I don’t know
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ABSTRACT 
Glioblastoma multiforme (GBM) is the deadliest hu-
man brain tumor with a median survival following 
diagnosis of 14–16 months. Innovative therapeutic 
approaches are urgently needed. Cancer stem cells 
(CSC) from GBM resist current chemo- and radio-
therapies and can generate recurrent and aggres-
sive tumors. To envisage innovative therapeutic 
approaches of potential clinical use, we engineered 
T cells with Fcγ-chimeric receptors (CRs) to elicit an-
tibody-dependent cellular cytotoxicity (ADCC) in the 
presence of mAbs specific for tumor associated an-
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EGFR+ GLIOBLASTOMA STEM CELLS TARGETING 
BY CD16158V-CHIMERIC RECEPTOR T CELLS AND 
CETUXIMAB

tigens (TAA). Indeed, in previous studies, we success-
fully redirected CD16158V-CR T cells against KRAS-mu-
tated colorectal carcinoma cells. Since surface 
overexpression of epidermal growth factor receptor 
(EGFR) is frequently detectable in GBM, we assessed, 
in vitro, the anti-GBM potential of polymorphic CD16-
CR T cells, in combination with anti-EGFR mAbs, on 
GBM-derived EGFR+ CSC. Our results indicate that 
CD16158V, but not CD16158F-CR engineered T cells in-
cubated with cetuximab, but not panitumumab, in-
duced the elimination of GBM-derived CSC through 
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INTRODUCTION  
Glioblastoma multiforme (GBM), high-grade glio-
ma, has an annual incidence of 3-4 and 7 cases per 
100,000 people in Europe and the USA, respective-
ly (1). Median onset age is of 63 years and median 
survival after clinical diagnosis is of 14–16 months.
In many cancer types, the bulk of tumor cells derive 
from small populations of cancer stem cells (CSC), 
also known as tumor-initiating cells (2). CSC are char-
acterized by their ability to successfully seed new tu-
mors when implanted in low numbers into experi-
mental animals. Such cells may persist in recurrent 
GBM due to their enhanced resistance to chemo- 
and radiotherapy (2-6). In previous studies, we iden-
tified two types of CSC in several human GBM clin-
ical specimens, hereafter referred to as core GBM 
(c-CSC) and peritumor tissue-derived CSC (p-CSC) (3-
5). C-CSC are characterized by a higher proliferative 
potential in vitro, correlating with a higher tumor-ini-
tiating ability in vivo, as compared to p-CSC (5).
WHO 2016 classification, highlighting a large num-
ber of genetic alterations associated with specific 
GBM phenotypes, has improved the classical histo-
logical classification (6, 7). The Cancer Genome Atlas 
(TCGA), subdivides these tumors into three subclass-
es based on the pattern of expression and genetic 
alterations: classical/EGFR+, proneural/PDGFR+ and 
mesenchymal/NF1+ classes (4). EGFR wild type (wt) 
is overexpressed in almost 50% of GBM, whilst its 

KEY WORDS
CD16-chimeric receptors; ADCC; cetuximab; 
panitumumab; EGFR; Glioblastoma; cancer stem cells.

IMPACT STATEMENT
We present an innovative therapeutic strategy in 
which anti-EGFR monoclonal antibody, cetuximab 
redirects CD16158V-chimeric receptor T cells against 
GMB stem cells, these findings may support a po-
tential role of CD16-CR T cell-based immunothera-
py in the management of EGFR+ GBM.

activating mutation (EGFRvIII) has an overall preva-
lence of almost 60% in patients whose tumors show 
amplification of EGFR wt. Enhanced EGFR activity 
leads to activation of downstream signaling path-
ways such as Raf/MEK/Erk and PI3K/Akt pathways, 
which are responsible for the malignant phenotype 
of glioma (8). Another subset of gliomas, the PDGFR 
subclass account for 25-30% of GBM, and is charac-
terized by dysregulation of PDGFR activity, which in 
some cases is due to amplification and rearrange-
ments of the PDGFRα gene locus, and in others to 
overexpression of the PDGF ligands (9). In previous 
studies, we showed that EGFR and PDGFR targeting 
decreases GBM invasiveness (3, 4) whereas shRNA 
inhibition of either PDGFRα or PDGFRβ signaling in-
duces apoptosis of GBM stem cells (3, 10).
In the last decade monoclonal antibodies (mAbs), 
targeting tumor markers and immunological check-
points inhibitors, have successfully entered clinical 
practice. As a consequence, they are now included 
in standard treatment protocols (6, 7). Moreover, 
adoptive transfer of chimeric antigen receptor (CAR) 
transduced T cells, recognizing markers expressed 
on tumor surfaces, is being increasingly utilized 
(11). Currently, CAR-T cell therapy is approved for 
B-cell lymphoma and leukemia treatment and its 
potential relevance for GBM is actively being inves-
tigated (12-14).

Vol. 1(1), 24-35 2021

ABBREVIATIONS
ADCC: antibody-dependent cellular cytotoxicity; 
CAR: chimeric antigen receptor; CR: chimeric re-
ceptor; CSC: cancer stem cells; EGFR: epidermal 
growth factor receptor; FcγR: IgG constant frag-
ment receptor; FGF2: fibroblast growth receptor 
2; FITC: Fluorescein isothiocyanate; GBM: glioblas-
toma multiforme; IL-7: interleukin-7; IL-15: inter-
leukin-15; INF: interferon-gamma; mAb: monoclo-
nal antibody; NK: natural killer; PBMC: peripheral 
blood mononuclear cells; PDGFR: platelet-derived 
growth factor receptor; PE: Phycoerythrin; TNFα: 
tumor necrosis factor-alpha.

a caspase-3 dependent mechanism, and produced 
high amounts of TNFα and IFNγ upon recognition 
of target cells. These data pave the way towards 

pre-clinical development of innovative GBM treat-
ments, taking advantage of CD16158V-CR engineered 
T cells and therapeutic antibodies.
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Fcγ-chimeric receptors (Fcγ-CRs) may share the 
same transmembrane (TM) and intracellular chi-
meric signaling domains of “conventional” CAR-T 
cells. However, while the latter express extracellular 
domains including a single-chain variable fragment 
(ScFv) specific for a marker located on the surface 
of tumor cells, Fcγ-CRs express the extracellular 
portion of the FcγRs (15, 16) Fcγ-CR T cell-based 
immunotherapy has been designed to transfer an-
tibody-dependent cellular cytotoxicity (ADCC) func-
tion of innate immune cells including NK cells to T 
lymphocytes (17-19). The rationale of using Fcg-CR T 
cells rather than NK cells is based on evidence indi-
cating that: 1) T cells can be easily expanded in vitro, 
and effectively infiltrate the tumor microenviron-
ment (TME); 2) tumor infiltration by T lymphocytes 
is usually associated with a favorable prognosis 
(20); and 3) upon conjugation with cancer cells, NK 
cells undergo apoptosis (21) and CD16 and NK cell 
activating receptor down-regulation (11, 22). In con-
trast, the role of NK cells in solid tumor is unclear 
since they barely infiltrate the TME and may not be 
directly associated with favorable prognosis (23).
FcγRs are classified into three major groups: FcγRI 
(CD64), FcγRII (CD32), and FcγRIII (CD16), wide-
ly distributed on the surface of innate immune 
cells. CD64 is the only high-affinity receptor bind-
ing monomeric IgG molecules, whereas CD32 and 
CD16 are low-affinity receptors that bind weakly 
to monomeric IgG. CD16 polymorphisms do influ-
ence their binding affinity to IgG (18, 19). Based on 
this background, here we assessed the ability of T 
cells expressing polymorphic CD16-CRs in combi-
nation with EGFR-specific therapeutic mAbs to pre-
vent the expansion of GBM-derived EGFR+ c-CSC.

MATERIALS AND METHODS

Antibodies and reagents

Fluorescein isothiocyanate (FITC)-conjugated 
mouse anti-human CD3, allophycocyanin (AP-
C)-conjugated mouse anti-human CD3, phyco-
erythrin (PE)-conjugated mouse anti-human CD16, 
FITC-conjugated mouse anti-human CD107a, 
PE-conjugated mouse anti-human EGFR, mouse 
anti-human CD3, and mouse anti-human CD28 
were purchased from BD Bioscience (San Jose, CA). 
Rabbit anti-EGFR and rabbit anti-caspase-3 were 
purchased from Cell Signaling Technology (Leid-
en, The Netherlands). Rabbit anti-PARP-1 was from 
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Santa Cruz Biotechnology (Santa Cruz, CA), and 
mouse anti-β-actin from SIGMA-Aldrich (Saint Lou-
is, MO). Rabbit anti-mouse and donkey-anti-rabbit 
peroxidase-conjugated secondary antibodies were 
purchased from Jackson Immunoresearch Labora-
tories (West Grove, PA). Cetuximab (Erbitux 5 mg/
mL, Merck, Darmstadt, Germany) and panitumum-
ab (Vectibix 20 mg/mL, Amgen, Thousand Oaks, 
CA) were commercially available. Chemilumines-
cence HRP substrate was purchased from Millipore 
(Burlington, MA), while Retronectin (Recombinant 
Human Fibronectin) was obtained from Takara Bio 
(Saint-Germain-en-Laye, France). Monensin sodi-
um salt was purchased from SIGMA-Aldrich (Saint 
Louis, MO). Human recombinant interleukin-7 (IL-
7), interleukin-15 (IL-15), epidermal growth factor 
(EGF), and fibroblast growth factor 2 (FGF2), were 
purchased from PeproTech (London, UK). Inter-
feron-gamma (INFγ) and tumor necrosis factor-al-
pha (TNFα) were obtained from Thermo Fisher 
Scientific (Waltham, MA) while 3-(4,5-Dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
was obtained from SIGMA-Aldrich (Saint Louis, MO). 
Bio-Rad Protein Assay was obtained from Bio-Rad 
(München, Germany), NuPAGEBis-Tris gels from 
Invitrogen, (Carlsbad CA), Hybond-P Extra mem-
brane from Amersham Biosciences (GE Healthcare 
Life Science-Buckinghamshire, UK), and Z-VAD-FMX 
(Biomol) from Enzo Life Science (Farmingdale NY). 
Nonidet-P40 (NP-40), sodium dodecyl sulfate (SDS), 
Tris–base, NaCl, EDTA, sodium orthovanadate (Na-

3VO4), and protease inhibitors cocktail, were all pur-
chased from SIGMA-Aldrich (Saint Louis MO). Iscove 
Modified Dulbecco Media (IMDM), Fetal Bovine Se-
rum (FBS), RPMI 1640 medium, L-glutamine, and 
penicillin/streptomycin were obtained from Thermo 
Fisher Scientific (Waltham, MA). A 1:1 mixture of 10X 
Dulbecco’s Modified Eagle Medium: Nutrient Mix-
ture F-12 (DMEM/F12) was obtained from Invitro-
gen (Carlsbad, CA) and matrigel from SIGMA-Aldrich 
(Saint Louis, MO). Mycoplasma detection kit was 
purchased from Minerva Biolabs (Berlin, Germany), 
and Accutase and GeneJuice Transfection Reagent 
from Millipore (Burlington, MA). 

Cell cultures
Primary T cells were expanded in RPMI 1640 sup-
plemented with 10% FBS, IL-7 (10 ng/mL), and IL-15 
(5 ng/mL). The generation and growth of GBM-de-
rived c-CSC cultures were described previously 
(3-5). Briefly, c-CSC were grown as floating tumor 
spheres in serum-free DMEM/F12 (1:1), supple-
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mented with 20 ng/mL EGF, 10 ng/mL FGF2 and 
containing L glutamine 2 mM, glucose 0.6%, pu-
trescine 9.6 µg/mL, progesterone 0.025 mg/mL, 
sodium selenite 5.2 ng/mL, insulin 0.025 mg/mL, 
apo-transferrin sodium salt 0.1 mg/mL, sodium 
bicarbonate 3 mM, Hepes  5 mM, BSA 4 mg/mL, 
heparin 4 ug/mL (all purchased by Sigma-Aldrich). 
For flow cytometry, cytotoxicity, MTT assays and 
Western blots, medium-sized tumor spheres were 
dissociated in single-cell suspensions by Accutase 
(Millipore, Burlington, MA) at 37 °C and plated onto 
matrigel pre-coated dishes. The GBM-derived c-CSC 
cultures (# 2, 3, 4) are primary cells with a limited 
life span. First, following 30 passages, the prolifera-
tion rate of the cells is increasingly reduced ending 
up to cell cycle arrest. Second, small tumor spheres 
display a necrotic phenotype. These cells are kept 
in culture only for the time necessary to perform 
the experiments. The HEK293T packaging cell line 
(RRID: CVCL_0063) grown in IMDM supplemented 
with 10% FBS, was used to produce helper-free 
retrovirus for T cell transduction. All experiments 
were performed with mycoplasma-free cells.

Retrovirus production and T cells transduction
The method of transfection of HEK293T cells was 
reported previously (18, 19). Briefly, HEK293T 
packaging cells were transfected using Gene-
Juice Transfection Reagent with a Peg-Pam vector 
containing the Moloney murine leukemia virus 
(MoMLV) gag-pol genes, the RDF vector carrying 
RD114 envelope, and the SFG retroviral vector har-
boring CD16158F-CR or CD16158V-CR. 
Peripheral blood mononuclear cells (PBMC) at a 
0.5 x 106 cells/mL concentration were activated in 
24-wells plates pre-coated with mouse anti-human 
CD3 and anti-CD28 mAbs. The viral supernatant was 
loaded on retronectin-coated 24-wells plates and 
activated PBMC were then seeded on the retrovirus 
loaded-plate for 72 hours at 37 °C under 5% CO2.

MTT viability assay
The MTT viability assay was performed as described 
previously (18, 19). Briefly, the viability of GBM-de-
rived c-CSC incubated with CD16158F-CR or CD16158V-
CR T cells and cetuximab (C) or panitumumab (P) 
was assessed at 48 hours. Non-transduced T cells 
(NT) were used as experimental control. c-CSC (104 
cells/well) were plated on matrigel pre-coated 96-
well flat-bottom plates the day before. CD16158F-CR T 
cells were added to target cells at a 4:1 effector/tar-
get (E/T) and CD16158V-CR T cells at a 2:1 E/T cell ratio, 

with or without mAbs (3 or 6 µg/ml). Five independ-
ent experiments were performed in quadruplicates.

Flow cytometry
CD16-CR transduction efficiency on T cells was as-
sessed by flow cytometry with PE-conjugated mouse 
anti-human CD16 and FITC-conjugated mouse 
anti-human CD3. Analysis of EGFR expression on 
c-CSC was carried out with PE-conjugated mouse 
anti-human EGFR. Cells were analyzed by a 2-laser 
BD FACSCalibur (Becton Dickinson, S. Jose, CA) flow 
cytometer, and results were analyzed by utilizing the 
Tree Star, Inc. (San Carlos CA) FlowJo software.

Cytotoxicity assay
To assess the cytotoxic potential of transduced lym-
phocytes, c-CSC (#3, 4) seeded as single cells (2 × 105) 
onto matrigel pre-coated 24-well dishes, were left 1 
day in proliferation medium before to be incubated 
for 4 hours at 37 °C under 5% CO2 in the presence 
or absence of CD16158V-CR T cell at a 2:1 E/T cell ratio, 
with or without cetuximab (3 μg/mL), while NT were 
used as control. Z-VAD-FMX pan-caspase inhibitor 
was used at 50 µM and added to target cells 1 hour 
before starting the cytotoxicity assay. After removal 
of supernatants and washing with PBS, c-CSC were 
detached with Trypsin-EDTA solution. Subsequent-
ly, cells were resuspended with Annexin V binding 
buffer (500 µL), for each tube, 500 µL solution was 
splitted in 250 µL for blank tube and 250 µL for the 
tube with FITC-conjugated-Annexin V, PI, APC-conju-
gated anti-human CD3. Finally, cells were incubated 
30 minutes at room temperature and analyzed us-
ing flow cytometry by gates posted on FSC-H high 
cells and CD3 negative. 

Cytotoxic degranulation assay
To assess the secretion of lytic granules following 
CD16158V-CR T cells cross-linking with target cells, 
CD107a expression was investigated on the mem-
brane of CD16-CR T cells by flow cytometry. c-CSC 
(#3,  4) were plated as single cells (5 × 104) onto 
matrigel pre-coated 96-well dishes, and CD16158V-CR 
T cells were added at 2:1 E/T cell ratio with or without 
cetuximab and 5 µL FITC-conjugated anti-CD107a. 
After 1 h incubation at 37 °C under 5% CO2, 2 µM 
Monensin was added for 4 h. After incubation, plates 
were centrifuged a 1.200 rpm for 5 min, supernatants 
gently discarded and 100 µL of PE-conjugated-an-
ti-CD16 added. After 30 min incubation, cells were 
washed and fixed with 150 µL of 1% paraformalde-
hyde (PFA)-PBS directly added on the dishes. As posi-
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tive control of secretion of lytic granules, CD16158V-CR 
T cells were cross-linked with plastic bound human 
anti-CD3. Finally, CD16158V-CR T cells were collected 
and transferred in tubes for assessing CD16 and 
CD107a expression by cytometric analyses.

ELISA
Cell culture supernatants of c-CSC (#2, 3, 4), incubat-
ed with CD16158F-CR T cells or CD16158V-CR T cells with 
or without cetuximab (C) or panitumumab (P) were 
collected at 48 hours, as described in MTT assay. 
INFγ and TNFα secretion levels were measured by 
ELISA according to the manufacturer’s instructions.

Western blots analysis
GBM-derived EGFR+ c-CSC seeded as single cells (5 
× 105) onto matrigel pre-coated well dishes were 
left 1 day in proliferation medium prior to a 4 hours 
incubation with CD16158V-CR T cells or NT at a 2:1 E/T 
cell ratio, with or without cetuximab. Afterwards, T 
cells were removed and c-CSC were collected in 200 
μl of lysis buffer (1% NP-40, 0.01% SDS, 20 mM Tris–
HCl pH 7.4, 300 mM NaCl, 1 mM EDTA,1 mM Na3VO4 
and a protease inhibitors cocktail, including AEBSF, 
Aprotinin, Bestatin, Leupeptin, and Pepstatin A. 
Cells were then sonicated with two pulses of 5 sec 
at 50% of amplitude (Sonics and Materials, New-
town, CT). Equal amounts (30 μg/lane) of total pro-
tein extracts, determined by Bio-Rad Protein Assay, 
were loaded on NuPAGE Bis-Tris gels and trans-
ferred on Hybond-P Extra membrane. Filters were 
immunoblotted using the following primary anti-
bodies: rabbit anti-EGFR, rabbit anti-caspase-3, rab-
bit anti-PARP-1, and mouse anti-β-actin. After three 
washings with TBS-Tween buffer, immuno-reactive 
proteins were detected using rabbit anti-mouse or 
donkey-anti-rabbit peroxidase-conjugated second-
ary antibodies directed to the appropriate primary 
antibodies. Proteins were then visualized using the 
chemiluminescence HRP substrate. Gels and Im-
ages acquisition was done by HP Photosmart Es-
sential Ver. 1.12 and Adobe Photoshop CS5 respec-
tively. The densitometric analyses of protein bands 
normalized against to β-actin protein levels were 
performed using the ImageJ software (NIH, USA).

Statistical analysis
Statistical analysis was performed with Prism5 
(Graph Pad) and Microsoft Office Excel 2019. Data 
shown are representative of results obtained from 
three or five independent experiments carried out 
in quadruplicates, as detailed in the specific sec-

tions. The results were analyzed by two-way ANO-
VA and Bonferroni’s post-tests. Data are expressed 
as mean ± standard deviation (SD) and P values ≤ 
0.05 were considered statistically significant.

RESULTS 
We first assessed T cell transduction efficiency of 
CD16158F- and CD16158V-CRs over time by flow cytome-
try. As reported in figure 1 a, 9.49%, 18.5%, and 23.0% 
of T cells were efficiently transduced with CD16158F-
CR at day 6, 9 and 16, respectively, as compared to 
20.7%, 30.5%, and 43.2% for CD16158V-CR transduc-
ed T cells. Cumulative data referred to transduced 
T lymphocytes derived from five different healthy 
donors are reported in figure 1 b. Considering the 
different transduction efficiency of the two viral vec-
tors, to reliably evaluate, in a comparative manner, 
the effector potential of either transduced T cell pop-
ulations, cytotoxicity assays were carried out using 
two effector/target (E/T) cell ratios: 4:1 and 2:1 for 
CD16158F- and CD16158V-CR T cells, respectively. 
The cell surface expression of the EGFR on the 
three c-CSC (# 2,  3,  and  4), under investigation, 
was analyzed by flow cytometry (figure 1 c). Al-
though all cells expressed EGFR, a lower MFI (26.0) 
was observed for c-CSC 2, as compared to c-CSC 3 
(56.6) and c-CSC 4 (44.5). These results are consist-
ent with previously reported gene expression and 
Western blot data (3). 
The anti-tumor potential of transduced T cells against 
c-CSC targets, in the presence or absence of thera-
peutic mAbs, was comparatively assessed following 
48 hours co-culture by using the MTT viability assay 
(figure 2 a-c). CD16158V-CR T cells significantly de-
creased the viability of all target c-CSC in the pres-
ence of IgG1 mAb cetuximab. In contrast, IgG2 mAb 
panitumumab was unable to mediate cytotoxic activ-
ity and CD16158F-CR T cells were similarly ineffective in 
the presence or absence of either anti EGFR reagent. 
In parallel experiments, we observed that amounts 
of IFNγ (figure 2 d-f) and TNFα (figure   2 g-i) re-
leased in culture supernatants, were significantly 
higher in cultures performed in the presence of 
CD16158V-CR T cells and cetuximab, as compared 
with those from cultures including CD16158F-CR and 
cetuximab, or NT cells. IgG2 mAb panitumumab 
was ineffective in triggering cytokines release by 
transduced T cells (figure 2 d-i). 
To corroborate these data, the induction of ap-
optosis in target cells, following four hours incu-
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Figure 1. Efficiency of CD16-CR expression on transduced T lymphocytes and EGFR surface expression on GBM-derived c-CSC. 
a. A representative experiment of CD16158F-CR (upper panel) and CD16158V-CR (lower panel) surface expression in transduced T cells, as 
observed in a time-course experiment at 6, 9, 16 days after PBMC activation. Percentages of CD3+/CD16+ T lymphocytes are reported 
in the upper right quadrants of the contour plots. The mean fluorescence intensity (MFI), indicating the average density of CD16 surface 
expression, is reported for each time point. Cells were-double stained with PE-conjugated mouse anti-human CD16 and FITC-conjugated 
mouse anti-human CD3. CD16 staining was carried out on transduced T cells at least three times with similar results. b. The histogram 
shows the cumulative percentage of positive T lymphocytes for CD16158F- and CD16158V-CR 16 days after viral infection of cells from five 
healthy donors; ***P value ≤ 0.001 is highly significant. c. EGFR surface expression on GBM-derived c-CSC. Data refer to a representative 
experiment assessing % of EGFR expression on c-CSC 2 (94.4%), c-CSC 3 (96.1%) and c-CSC 4 (99.0%) plated on pre-coated matrigel dishes. 
Cells are visualized with PE-conjugated mouse anti-human EGFR versus isotype-stained cells. EGFR staining was carried out at least three 
times with similar results. The MFI is displayed below the (%) EGFR positivity for each GBM-derived c-CSC.

bation in the presence of effector cells and mAbs, 
was also evaluated by flow-cytometry. Cultures 
including c-CSC 3 or c-CSC 4 target cells were har-
vested and stained with APC-anti-CD3, FITC-an-
nexin V, and Propidium Iodide (PI). Among c-CSC 3 
(figure 3 a) and c-CSC 4 (figure 3 b) we observed 
33.1% and 16.7% of Annexin V+ cells, respectively, 
following incubation with CD16158V-CR and cetux-
imab. ADCC was caspase-dependent since it was 
inhibited by the pan-caspase inhibitor Z-VAD-FMX 
(figure 3 a, b). Accordingly, Western blot experi-
ments documented caspase-3 and PARP1 cleavage 
in both c-CSC 3 and c-CSC 4 target cells (figures 3 
c, d), following incubation with CD16158V-CR T cells 
and cetuximab, whereas EGFR expression was not 
modified (figure 3 c, d). 

In order to estimate the levels of cleaved caspase-3 
and PARP1 proteins, a quantitative densitometric 
analysis of the proteins bands by using ImageJ soft-
ware was performed. We reported more than 10 
and 5 fold increase of caspase-3 and PARP1 cleav-
age relative to β-actin levels in c-CSC3, respectively 
(figure 3 d). Similar results were observed in c-CSC 
4 with 5 fold increase of caspase-3 and PARP1. No 
signal was quantified in the lanes with the applica-
tion of pan-caspase inhibitor Z-VAD-FMX (figure 3 
d). Variations observed in EGFR protein levels were 
not statistically significant.
To demonstrate that CD16158V-CR T cells induced tar-
get cells cytotoxicity by exocytosis of perforin and 
granzyme-containing granules, we assessed the 
expression of CD107a, a sensitive marker of CD8 
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This therapeutic approach was validated in pre-clin-
ical models for the treatment of ependymoma and 
primary, metastatic and recurrent medulloblasto-
ma. These results provided the basis for extending 
the same treatment modality in humans. Brown et 
al., evaluated the safety and efficacy of CAR-T di-
rected against IL13Ralpha2 for the treatment of 
recurrent GBM through a loco-regional intraven-
tricular administration (27). A primary goal for the 
success of CAR-T based-immunotherapy in brain 
tumors and in solid tumors should envisage strate-
gies for regulating T lymphocytes trafficking in the 
parenchyma. Baron et al. in the early 1993, have 
showed as T cells expressing alpha 4 integrin are 
able to leave blood and enter the brain parenchy-
ma, overcoming the blood-brain barrier (28). More 
recently, Zhu et al. reported that T cells infiltration 
into the brain parenchyma may occur in the pres-

positive T cell degranulation following activation. 
Flow cytometry analysis did not detect any CD107a 
surface expression by CD16158V-CR T cells upon con-
jugation with target cells and cetuximab (figure 4, 
middle and lower panel). In contrast, activation of 
CD16158V-CR T with plastic bound anti-CD3 antibody, 
promoted mobilization of CD107a on T cells surface 
membrane (figure 4, right upper panel).

DISCUSSION
Recent studies support the safety and effectiveness 
of intraventricular and intra-tumoral CAR-T admin-
istration for the treatment of CNS malignancies 
(24-26). Donovan et al., evaluated the efficacy of the 
loco-regional administration into the cerebrospinal 
fluid of EPHA2, HER2 and IL13Rα2 CAR-T cells (24). 
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Figure 2. Co-culture of CD16-CR engineered T cells and GBM-derived c-CSC in combination with cetuximab reduced c-CSC viability and 
induced significantly INFγ and TNFα secretion.
a, b, c. Histograms show viability, as measured by MTT assay, of c-CSC (#2, 3, 4) cells, following 48 hours incubation with CD16158F/V-CR 
T cells in the presence or absence of anti-EGFR mAbs at different concentrations (3, 6 µg/mL). No effect on c-CSC survival was recorded 
using non-transduced T cells (NT) in the presence or absence of cetuximab (C) or panitumumab (P). 4:1 and 2:1 E/T cell ratios were used 
for assays with CD16158F-CR and CD16158V-CR T cells, respectively. The figure reports cumulative data, with mean ± (SD) and ***P values ≤ 
0.001, **P values ≤ 0.01 related to c-CSC (#2, 3, 4) viability, as observed by using effector cells from five different donors in independent 
experiments. d, e, f. CD16158V-CR engineered T cells in combination with cetuximab induce significant IFNγ and TNFα secretion. Histograms 
refer to IFNγ release, as detected in the culture supernatants of c-CSC (#2, 3, 4) after 48 hours incubation with CD16158F-CR- and CD16158V-
CR T cells or NT in the presence or absence of cetuximab (C) or panitumumab (P) (3, 6 µg/mL). g, h, i Histograms refer to TNFα release in 
culture supernatants of c-CSC (#2, 3, 4) after 48 hours incubation with CD16158F-CR- and CD16158V-CR T cells or NT in the presence or absence 
of cetuximab (C) or panitumumab (P). 4:1 and 2:1 E/T cell ratios were used for assays with CD16158F-CR and CD16158V-CR T cells, respectively. 
The figure reports cumulative data, with mean ± (SD) and ***P values ≤ 0.001, from ELISA assays from experiments performed by using 
effector cells from five different donors in independent experiments.
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GBM-derived EGFR+ c-CSC by using CD16158F/V-CR 
engineered T cells and specific therapeutic mAbs. 
Cetuximab is a human-murine chimeric IgG1, in-
stead panitumumab is a fully human IgG2. Sev-
eral reports have described, both in vitro and in 
vivo, how these mAbs are able to elicit ADCC (17-
19). The effects of the ligation of the Fc portion 
of the mAbs with the Fc receptors on the cells 
depend on the specificity of the Fc receptors for 
a given IgG class (31). For instance, CD16-CR T 
cells bind cetuximab (IgG1) upon recognition of 
the ligand on target cells, but do not bind soluble 
mAbs (18, 19). Thus, GBM-derived c-CSC are tar-
geted by CD16158V-CR T cells and cetuximab treat-
ment, with timing and effectiveness comparable 
to those observed for long term-established tu-
mor cell lines (18). In contrast, panitumumab 
mAb (IgG2) preferably binds to CD32-CR rather 

ence of an altered TME such as the induction of the 
chemokine CXCL10 in the glioma site in IFN-α and 
IFNγ dependent manner. The blockade of CXCL10 
with a specific mAb abrogated the efficient glioma 
homing of cytotoxic T lymphocytes (CTL) (29).
Importantly, overexpression and/or enhanced 
activity of EGFR and its variant (EGFRvIII) have 
frequently been reported in human GBM (4, 26). 
Since high EGFR/EGFRvIII expression designates 
an aggressive GBM subtype, these markers do 
represent attractive targets for immunother-
apeutic approaches (30). In previous work, we 
have generated CD16158F/V-CR DNA constructs ex-
pressing phenylalanine (F) or valine (V) at posi-
tion 158, efficiently promoting effector functions 
upon transduction into T lymphocytes on breast 
cancer and colorectal carcinoma cells (18,19). 
Here, we have addressed the possibility to target 
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quadrants. Cell death is blocked by 50 µM of pan-caspase inhibitor Z-VAD. No effect was recorded using non-transduced cells (NT) in the 
presence or absence of cetuximab. A 2:1 E/T cell ratio was used. c. CD16158V-CR engineered T cells in combination with cetuximab (C) induce 
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caspase-3 activation and PARP-1 cleavage induced by CD16158V-CR T cells in the presence of cetuximab. The pan-caspase inhibitor Z-VAD 
blocks caspase-3 and PARP1 cleavages, but EGFR expression is not affected. No effect was recorded using NT in the presence or absence 
of cetuximab. A 2:1 E/T cell ratio was used. d. Histograms report a quantitative protein analysis of Caspase-3, PARP-1 and EGFR relative to 
β-actin protein levels in c-CSC 3 and c-CSC 4. Data shown are representative of three experiments independently performed. ****P value  
≤ 0.0001 is highly significant.
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than CD16-CR T cells, and therefore no target 
cells cytotoxicity was recorded in our context in 
presence of panitumumab. mAb subclasses criti-
cally impacted on the effectiveness of CD16-CR T 
cells mediated-ADCC (16, 18). Our results are in 
line with what it has been shown by other investi-
gators where Fcγ-CRs polymorphisms influenced 
the binding of engineered T cells to tumor cells 
coated with IgG (16, 18, 19).  
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Figure 4. Cross-linking of CD16158V-CR engineered T cells with c-CSC 
and cetuximab does not induce T cells degranulation.
The panel reports the mobilization of CD107a on engineered T cells 
surface assessed by flow cytometry. c-CSC3 and c-CSC4 target cells 
were incubated with CD16158V-CR T cells in presence or without 3 µg/
mL of cetuximab (C) and anti-CD107a-FITC. After 5 hours incubation, 
CD16158V-CR T cells were further incubated with anti-CD16-PE. The 
upper panel (right upper quadrant) reports the positive control as 
displayed by CD107a expression (19.1%) on CD16158V-CR engineered 
T cells activated with plastic bound anti-CD3 antibody. The middle 
and lower panel show the lacking of positivity for CD107a in the 
presence of cetuximab (C) after incubation of effector cells with 
c-CSC3 or c-CSC4 (right upper quadrants). A 2:1 E/T cell ratio 
was used. Data shown are representative of five experiments 
independently performed. 

Here, we demonstrate the lacking of CD107a expres-
sion accounting for defective degranulation, (32, 33) 
but CD16158V-CR T cells generate fully competent im-
mune response including INFγ and TNFα secretion 
and target cells cytotoxicity as reported here and 
elsewhere (17). This led us to assume the engage-
ment of cell death surface receptors such as Fas/Fas 
ligand and TRAIL-R/TRAIL in mediating target cells 
elimination (17). Therefore, in our future investiga-
tions we aim to clarify more thoroughly the mecha-
nisms underlying the GBM cancer stem cells elimina-
tion triggered by CD16158V-CR T cells with cetuximab.

CONCLUSIONS
GBM is characterized by dismal prognosis, and 
there is an urgent need for innovative therapeutic 
approaches. Current GBM treatment is based on 
the use of temozolomide, a DNA alkylating agent. 
However, resistant tumor cell subsets promoting 
recurrence, rapidly emerge. Although these cells, 
presenting CSC features, do frequently express 
EGFR, treatment with small molecules targeting 
the EGFR signal transduction pathway has proven 
largely disappointing, thus suggesting that direct 
immune-mediated targeting of this marker could 
be more effective (34). Our data indicate that, in-
deed, expansion of GBM-derived c-CSC may be 
prevented by ADCC mediated by CD16158V-CR T 
cells and anti-EGFR IgG1 mAb. 
While the in vitro nature of our study represents 
an obvious limitation, these findings nevertheless 
underline the high potential relevance of this ther-
apeutic approach and pave the way towards in vivo 
pre-clinical investigations.
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ABSTRACT
Recent studies have assessed the impact of the COV-
ID-19 pandemic and related control measures on the 
number of new cancer diagnoses. The aim of this 
work was to evaluate the impact of the lockdown on 
new cancer diagnoses. To compare the incidence of 
tumors in 2020 with that in 2019, we used the data 
from the pathology anatomy reports available until 
the 31st of August 2020 and collected by the Reggio 
Emilia Cancer Registry. Over 90% of all incident can-
cer cases have microscopic confirmation. We report-
ed the variations (number of cases and % values) of all 
tumors and of the main sites by sex, age and period. 
From the 1st of January to the 31st August 2020, we 
recorded 3, 548 new cancer diagnoses, 14% fewer 
than in the corresponding months of 2019. For all 
cancers, the pre-lockdown period (January-Febru-
ary) had a similar number compared to the same 
months in 2019; the lockdown period (March-May) 
showed a decrease (- 35%), but the post-lockdown 
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THE IMPACT OF COVID-19 
ON NEW CANCER DIAGNOSES

(June-August) period showed similar numbers to 
those observed in 2019 (- 2%). The difference is 
more evident in males and in the elderly. Breast 
cancer shows an increase in the first months (24%), 
a decrease during the lockdown (- 35%), but a rapid 
recovery of the diagnosis after the lockdown (11%). 
Lung cancer showed a decrease in incidence in all 
three periods (- 18%, - 22%, and 21%, respective-
ly). Colorectal cancers shows similar value during 
the first two months (- 4%), a large decrease dur-
ing lockdown (- 53%), but an immediate return to 
normality after lockdown (- 4%). Prostate cancer 
declined sharply during lockdown (- 32%), as well 
as haematological cancers (- 49%).
We observed a sharp decrease in cancers diag-
nosed during lockdown compared to the same 
period in 2019 particularly evident for the two can-
cers of organized screening programs (breast and 
colorectal cancer) and in the older people. 
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INTRODUCTION
The SARS-CoV-2 virus first appeared in Italy at the 
end of January 2020, with an outbreak of infections 
detected in Codogno, Lombardy, after the first di-
agnosis of a COVID-19 in Italy case without any link 
to travel exposure on the 21st February 2020. The 
initial 16 confirmed cases increased to 60 the fol-
lowing day, with the first deaths reported in those 
same days (1). The Prime Minister Decree of the 
9th of March 2020 (I stay at home) closed all non-es-
sential businesses; this decree was in force until 16 
May, when restrictions were gradually lifted; the 
ban on inter-regional travel was lifted on the 3rd of 
June. The three-month lockdown saw a slowdown 
in many diagnostic activities and a stop to the three 
organized screening programs in Italy, i.e., cervical, 
colorectal, and breast cancer screening.
The aim of this work was to evaluate the impact 
that the COVID-19 pandemic and the resulting 
containment measures have had, in quantitative 
terms, on new cancer diagnoses.
The study was conducted in the Province of Reggio 
Emilia, a province in Northern Italy characterized 
both by a high incidence of tumors and by a high 
incidence of SARS-CoV-2 infections (2).

METHODS
The study presents preliminary data from the Reg-
gio Emilia Cancer Registry, whose primary task is to 
monitor temporal and spatial variations in cancer 
incidence. The Reggio Emilia Cancer Registry (CR) 
has been approved by the provincial Ethics Com-
mittee of Reggio Emilia (Protocol n. 2014/0019740 
of 04/08/2014). 

Data source
The Reggio Emilia CR registers all new cancer di-
agnoses occurring in people residing in the Reg-
gio Emilia province. The main information sources 
of the CR are the anatomic pathology reports, the 
hospital discharge records, and mortality data. The 
CR has been active since 2000 and has registered 
all incident cases since 1996 (3).
To compare cancer incidence in 2020 with that 

in 2019, we used data from the most complete 
among the cancer registry data sources, the only 
one that was already complete up to end of August 
2020, i.e., the anatomic pathology reports from the 
only Local Histopathology and Cytopathology Net-
work active in the province. Cancer Registry op-
erators conducted the initial case assessment for 
eligibility for incidence (excluding prevalent cases, 
non-residents, and non-invasive cancer diagnoses) 
according to international registration rules (4). 

Analyses 
We analyzed all tumor sites and the principal sites: 
breast, prostate, colorectal, lung, and haematolog-
ic cancers. For all sites we also report analyses by 
sex and age group (0-64, 65-79, 80 +).
We first compared absolute numbers of new diagno-
ses per month occurring in 2019 and in 2020 for the 
period January-August. We also present the percent-
age change of 2020 compared to 2019 per month. 
Data are also grouped as follows: pre-lockdown 
(January-February), full lockdown (March-May), and 
post-lockdown (June-August). We also report per-
centage differences between 2020 and 2019 in the 
three periods, with relative 95% confidence inter-
vals (95%CI) estimated on Poisson distribution as-
suming equal denominator. 
The study has an estimated power to identify a one 
third reduction in incidence comparing the three 
month period of the lockdown in 2020 with 2019 of 
90% with alpha 5% for breast cancer, and approx-
imately 70% for lung, colorectal and prostate can-
cer. Therefore we did not explore changes in inci-
dence for cancer sites or subgroups with incidence 
lower than that of colorectal cancer, i.e., about 
yearly crude incidence rate of cyto/histologically 
confirmed cases of about 60/100,000 inhabitants.

RESULTS 
From the 1st of January to the 31st of August 2020, 
3,548 new cancer diagnoses in the province of Reg-
gio Emilia were recovered from  the pathology re-
cords, 14% less than in the corresponding months 
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of 2019 (table I), more evident in males (- 15%) than 
in females (- 13%) (figure 1). Concerning age, the 
difference is minimal for the age group 0-64 years 
(- 8%), more marked for the age 65-74 (- 17%), and 
80 + (- 17%) (figure 2). Looking at specific cancer 
sites, 423 diagnoses of breast cancer were made 
(- 1%), 188 of lung cancer (- 21%), 167 of colorectal 
cancer (- 24%), 179 of prostate cancers (- 19%), and 
234 haematologic cancers (- 8%) (table I). 
Regarding the period trend in 2020 (table II), Jan-
uary and February (pre-lockdown) had a similar 
number of diagnoses for all cancers compared 
to the same months in 2019 (0%, 95%CI - 8% to + 
8%), while March, April, and May (full lockdown) 
showed a decrease in the number of diagnoses  
(- 35%, 95%CI - 40% to - 30%). However, June, July, and 
August (post-lockdown) showed numbers of diagno-
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ses that were slightly lower than those observed in 
2019 (- 14%, 95%CI - 20% to - 6%). For breast cancer, 
there were more diagnoses during pre-lockdown 
than in the same period in 2019 (+ 24%, 95%CI 0% to + 
55%). Incidence, however, dropped during lockdown 
(- 35%, 95%CI - 50% to - 16%) but increased slightly 
in the post-lockdown period (+ 11%, 95%CI -13% to 
+ 43%). Lung cancer showed a decline in incidence 
throughout lockdown (- 22%, 95%CI - 44% to + 7%), 
but a decrease was also observed in pre-lockdown 
(- 18%, 95%CI - 44% to + 19%) and in post-lockdown (- 
21%, 95%CI - 44% to + 11%). The number of colorectal 
cancer diagnoses during pre-lockdown was similar to 
that of 2019 (-4%, 95%CI - 32% to + 35%); the large de-
crease in numbers seen during lockdown (- 53%, 95%CI 
- 68% to - 32%) immediately returned in post-lock-
down to the numbers observed in 2019 (- 4%; 95%CI 

MONTH ALL SITES BREAST LUNG COLORECTAL PROSTATE HAEMATOLOGIC

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

January 664 637 95 108 32 27 39 36 29 41 34 41

February 560 589 54 77 34 27 32 32 36 27 25 35
PRE-
LOCKDOWN 1224 1226 149 185 66 54 71 68 65 68 59 76

March 564 382 52 39 26 35 45 20 28 30 33 17

April 458 293 42 27 26 18 21 5 29 16 32 23

May 558 346 59 33 38 17 27 19 34 16 45 16

LOCKDOWN 1580 1021 153 99 90 70 93 44 91 62 110 56

June 441 470 44 42 29 22 20 22 16 18 28 38

July 497 502 50 52 26 25 20 18 33 17 33 43

August 386 329 31 45 26 17 17 15 17 14 24 21

POST-
LOCKDOWN 1324 1301 125 139 81 64 57 55 66 49 85 102

TOTAL 4128 3548 427 423 237 188 221 167 222 179 254 234

Table I. Number of new cancer diagnoses reported by the Reggio Emilia pathology network for all cancer sites and for the most frequent 
cancer sites, by month and period, 2019 and 2020, Reggio Emilia, Italy.

   
Figure 1. Number of cyto/histologically confirmed cases by  month in 2020 and in 2019, for all sites by sex. Reggio Emilia, Italy. 
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- 29%). For all tumor sites and for individual sites, per-
centage changes are shown in figure 3.

DISCUSSION
We observed a sharp decrease in the number of 
cancers diagnosed in Italy during the March-May 
2020 lockdown in contrast to the spread of pan-

- 35% to + 42%). There was a sharp decline in prostate 
cancer diagnoses during lockdown (- 32%, 95%CI - 
51% to - 5%), which persisted through post-lockdown  
(- 26%, 95%CI - 50% to + 9%). Haematologic cancer 
diagnoses had higher numbers both in the pre- 
and post-lockdown periods than in 2019, (+ 29%, 
95%CI - 10% to + 84% and + 20%, 95%CI - 11% to 
+ 62%, respectively), but registered a notable de-
crease during lockdown (- 49%, 95%CI - 64% to  

Vol. 1(1), 36-42, 2021

PRE
LOCKDOWN 95% CI LOCKDOWN 95% CI POST

LOCKDOWN 95% CI

All sites 0% - 8% to 
+ 8% -  35% -  40% to 

-  30% - 14% - 20% to 
- 6%

Colorectal - 4% - 32% to 
+ 35% -  53% - 68% to 

- 32% - 4% - 35% to 
+ 42%

Lung - 18% - 44% to 
+ 19% -  22% - 44% to 

+ 7% - 21% - 44% to 
+ 11%

Breast 24% 0% to 
+ 55% - 35% - 50% to 

- 16% 11% - 13% to 
+ 43%

Prostate 5% - 27% to 
+ 49% - 32% - 51% to 

- 5% - 26% - 50% to 
+ 9%

Haematologic 29% - 10% to 
+ 84% - 49% - 64% to 

- 29% 20% - 11% to 
+ 62%

Table II. Percentage change for the three periods, pre-lockdown (January, February), lockdown (March, April, May), post-lockdown (June, 
July, August) in 2020 compared to the same periods in 2019, for all cancers and by cancer site, Reggio Emilia, Italy.

   

Figure 2. Number of cyto/histologically confirmed cases by month in 2020 and in 2019, for all sites by age group, Reggio Emilia, Italy.
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Two major studies have evaluated the reduction in 
the number of new cancer diagnoses during the ini-
tial period of the COVID-19 pandemic. The first study 
(9) reported data from the US and the UK to compare 
the number of cancer diagnoses in January-April 
2020 with the number in the same months of 2019. 
The number of new cases identified in January and 
February 2020 was slightly higher than that in Janu-
ary-February 2019 (+ 11.5% and + 4.3 %, respectively). 
Cancer cases in March and April 2020 versus March 
and April 2019 decreased by - 22.3% and - 65.2%, re-
spectively.  Identified patients with melanoma, pros-
tate cancer, or breast cancer displayed the largest 
decrease, with - 51.8%, - 49.1%, and - 47.7% cases, 
respectively. The second major study, conducted in 
the Netherlands (10), also showed a decline in the 
incidence of cancer, more marked in the age group 
80+ years and for breast cancer.
Our study confirms that the situation in our prov-
ince in January and February 2020 was comparable 
to that in the same period in 2019. This is consist-
ent with the data from the UK: - 1.9% and + 4.4% 
in January and in February 2020, respectively (9). 
In the three months of lockdown we observed a 
more marked but also a more homogenous reduc-
tion in cancer diagnoses in our province (- 32%,  
- 36%, and - 38% in March, April, and May, respec-
tively) compared to that in other countries: in the 
USA the reduction was - 10.9% and - 65.2% for the 
months of March and April, respectively, and in the 
UK it was - 10.9% and - 64.6% (9). 

demic, compared to the same period in 2019. 
While new diagnoses of cancer increased after 
lockdown, the number remained slightly low-
er than in the previous year. The decrease was 
stronger in over 65 and in females. This trend is 
appreciable for all cancer sites analyzed, except for 
lung cancer, where an anomalous peak in diagno-
ses in March 2020 partially compensated for the 
drop observed during the following two months 
of full lockdown. Instead, the drop was particular-
ly evident for the two cancers that are the target 
of organized screening programs, i.e., breast and 
colorectal cancers, and for haematologic cancers.
Recent studies indicate how much the COVID-19 
pandemic has impacted the management of pa-
tients with cancer and how the treatment modali-
ty has also changed (5-7). Certainly, balancing the 
harms and benefits of exposing patients at risk of 
infection and of a worse prognosis due to diagnos-
tic delay has been a daily challenge in these last 
months (8). The decrease in diagnoses during lock-
down was larger for people over 65 and this is con-
sistent with decision making based on the balance 
of risk of SARS-CoV-2 infection and the benefit of 
timely diagnosis. In fact, the role of age as risk factor 
for SARS-CoV-2 infection and COVID-19 severity was 
clear since the very beginning of pandemic spread 
in western countries, thus it is not surprising that 
older people renounced undergoing testing and as-
sessment during lockdown, by their own decision or 
advised by their physicians. 
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Figure 3. Percentage change for each month in 2020 compared to the same month in 2019, for all cancers and by cancer site: 2020 vs 
2019, Reggio Emilia, Italy.
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This greater homogeneity probably reflects the du-
ration and the strictness of the lockdown in Italy, 
which has been recognized as one of the most re-
strictive and long lasting among the Western world. 
An interesting feature of our study is that we were 
able to also examine what happened after the end 
of lockdown. As soon as lockdown ended, there was 
a rapid resumption of new diagnoses of cancer (+ 
7% in June, + 1% in July). In August 2020, in addi-
tion to the usual decrease in diagnoses during this 
summer month (also observed in 2019), there was a 
further decrease of 15%. This may have been due to 
the backlog of vacation time taken by those health 
workers who could not take time off during the in-
itial phase of the COVID-19 emergency but also to 
the fact that the patients themselves may have pre-
ferred to postpone surgery for a few weeks.
Our study confirms a decline in diagnoses of prostate, 
breast, and haematologic cancers and an even more 
considerable decline in colon cancer diagnosis (- 53%), 
certainly due to the strong impact of the suspension 
of the organized screening program. It is worth not-
ing that the number of diagnoses of colorectal and 
breast cancer in the post-lockdown period reached 
the same numbers observed in 2019, once the 
screening programs resumed, despite slightly fewer 
monthly invitations compared to the pre-COVID-19 
era. It will be interesting to see whether the tempo-
rary suspension of the screening programs had any 
impact on the stage at diagnosis (11, 12).
A delay in tumor diagnosis is also indirectly doc-
umented by the lengthening of waiting times for 
a biopsy (13) and by the delay in receiving histo-
pathological or clinical reports (14). However, while 
this decrease in diagnoses was unavoidable in the 
earlier months of the pandemic, it is very important 
to resume diagnostic pathways as soon as possible; 
any further delay could result in a large number of 
excess deaths and of years of life lost (15, 16). This 
is especially true for those cancer sites that progress 
rapidly and for which no screening is available; time-
ly diagnosis at symptom onset may make the differ-
ence for cancers such as lung and pancreas cancer.
This study includes only the anatomy pathology re-
ports, the most informative source in terms of the 
specificity of the diagnosis as well as the one with 
highest sensitivity, considering that over 95% (3) 
of all incident cancer cases in the Reggio Emilia CR 

has a microscopic confirmation. A limitation of our 
study is that the numbers are small because they 
refer to a small geographical area. Counterweigh-
ing this, however, is the fact that ours are popula-
tion-based data covering an interval of 8 months, 
including the 3 months following lockdown, when 
economic and healthcare activities in Italy resumed.
The complete suspension of some clinical activities 
during the early months of the COVID-19 emergency 
was the result of many hospital departments being 
converted into COVID-19 wards to cope with the high 
numbers of cases. However, while urgent oncologi-
cal examinations and therapies were never suspend-
ed, there was still a drastic decline in new cancer di-
agnoses, particularly in older people. Indeed, general 
practitioners referred to the oncologist only those 
cases that could not be postponed. It is important 
now to resume diagnostic pathways to limit as much 
as possible the impact of diagnostic delay on the 
prognosis of these patients.
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ABSTRACT
Oxaliplatin-induced peripheral neuropathy (OIPN) 
is a common side effect in patients receiving chemo-
therapy for colorectal cancer (CRC) and it remains 
the most frequent dose-limiting toxicity, affecting 
especially quality of life (QoL) of patients. The best 
known pathogenetic mechanisms is the production 
of reactive oxygen species (ROS) and their negative 
activity at the axonal level. Consequently, medical 
research focused on the hypothesis that antioxi-
dant substances may be efficacious in preventing 
OIPN. The purpose of our work is to report the 
experience of the PLANET trial (Oxaliplatin Neuro-
toxicity Prevention Trial) and provide a constructive 
discussion on one of the oncological toxicities still 
today little controlled by medical therapies.
The PLANET trial was a monocentric, prospective, 
randomized, placebo-controlled, double blind, 
phase II clinical study designed to investigate if the 
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PREVENTION OF OXALIPLATIN-INDUCED 
PERIPHERAL NEUROPATHY IN COLORECTAL 
CANCER: THE PLANET TRIAL EXPERIENCE

association of vitamin E and super oxide dismutase 
(SOD) is able to prevent OIPN in colorectal cancer 
patients receiving oxaliplatin-based chemotherapy 
regimens. Primary endpoint was the assessment of 
OIPN incidence and severity in the two treatment 
arms. Secondary endpoints were the correlation 
between the OIPN and the oxaliplatin dose in terms 
of symptoms intensity, type of neuropathy and 
quality of life; finally the OIPN duration along the 
follow-up checks. 47 patients with CRC, operated or 
in advance stage, candidates for oxaliplatin-based 
chemotherapy, were enrolled from January 2014 to 
October 2015 in our Center and randomized into 
the two groups, the experimental arm (24 patients) 
and the placebo arm (23 patients). The study includ-
ed an analysis of at least 18 months, 6 of treatment 
and 12 of follow-up. In the global cohort analyzed, 
32.5% of patients reported development of pares-
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INTRODUCTION
Colorectal cancer (CRC) represents the third most 
frequent oncological disease in men and women. 
Despite this high incidence, the mortality is low 
with a greater than 60% 5-years overall survival.
Over the few last decades there is an increase in 
survival, related to early diagnosis and treatment 
improvements (1). One of the most widely used 
treatment regimens, in both early and advanced pa-
tients, is oxaliplatin-based chemotherapy. Oxalipla-
tin is a third-generation platinum compound with a 
significant antineoplastic activity. It forms an essen-
tial part of colorectal cancer neoadjuvant, adjuvant 
and even in palliative chemotherapy regimens, par-
ticularly in combination with 5-FU and leucovorin 
in FOLFOX or in XELOX regimens. Its mechanism of 
action involves the cross-linking with the strands of 
DNA, inhibiting DNA replication and transcription 
(2-4). Like all drugs, especially oncological ones, ox-
aliplatin also has side effects. The main one is the 
peripheral neuropathy (5). Oxaliplatin-Induced Pe-
ripheral Neuropathy (OIPN) occurs in two distinct 
forms. Firstly, it appears as an acute cold-triggered 
sensory neuropathy which affects 85-90% of pa-

tients and which develops shortly after infusion of 
the drug with symptoms like paresthesias and/or 
disesthesias in the distal extremities, in the perio-
ral region and rarely in the throat. Symptoms reach 
their peak three days after administration, then 
tend to subside over the next 7 days. The second 
form of OIPN is a chronic neuropathy which affect 
10-15% of patients and which is correlated with 
the cumulative dose of oxaliplatin administered; 
it involves sensory loss, sensory ataxia and chang-
es in proprioception. Common symptoms include 
numbness, tingling and/or burning pain. This type 
of neurotoxicity persists throughout treatment 
and increases in intensity with cumulative dose; 
symptoms resolve within 6-12 months of cessation 
of therapy, but in a small group of patients, symp-
toms persist for more than one year (6-8).
This oncological toxicity, both in the acute and in the 
chronic form, interferes with the patient’s daily ac-
tivities, negatively affecting his quality of life (9, 10).
Regarding the pathogenetic mechanisms of OIPN, 
the best known is certainly the oxidative stress 
and the consequent axonal damage (11). Medical 
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thesias during chemotherapy treatment, with an 
increase of symptoms intensity in cycles progres-
sion of active treatment and a reduction during fol-
low-up. After 12 months of follow-up, 50% of partic-
ipants experienced complete relief of paresthesias 
while 50% had persistent symptoms. But the most 
important finding was the lack of statistical differ-
ences between the two arms in terms of neuropa-
thy incidence, toxicity and variations in QoL. 
OIPN represents a still poorly understood oncolog-
ical toxicity. In addition to oxidative stress, there 
are other pathogenetic mechanisms, partly clear 
and partly unknown. Scientific research is trying to 
better study them and to develop efficacious treat-
ment strategies against this toxicity. Over the years 
there have been many attempts to use various 

drugs but with unsatisfactory results. Our PLANET 
experience leads us to conclude that the associa-
tion of vitamin E and SOD has not proved effica-
cious in preventing the OIPN. The main reasons 
are due to the smallness of the sample analyzed 
and the pathogenetic complexity of the phenom-
enon in which oxidative stress represents, accord-
ing to medical literature, only a part of the mecha-
nisms responsible for the OIPN. The positive note 
is that the treatment has a good tolerance. OIPN 
remains an open chapter of oncology for which 
more information is needed in order to identify an 
efficacious treatment strategy. The prevention of 
this toxicity would allow a better management of 
platinum-based chemotherapy and an improve-
ment in the quality of life of patients.

IMPACT STATEMENT
With our work, mainly addressed to oncologist col-
leagues dealing with gastrointestinal malignancies, 
we wish to provide our monocentric experience on 
one of the still unresolved chemotherapy toxicities.
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research has therefore focused on the hypothesis 
that antioxidant substances may be efficacious in 
preventing this problem (12).
The purpose of our work is to report the experi-
ence of the PLANET trial (Oxaliplatin Neurotoxicity 
Prevention Trial) and provide a constructive dis-
cussion on one of the oncological toxicities still to-
day little controlled by medical therapies. 

MATERIALS AND METHODS

Study design, endpoints and evaluation 
systems

The PLANET trial was a monocentric, prospective, 
randomized, placebo-controlled, double-bind, phase 
II clinical study which evaluated the efficacy of a 
combination of vitamin E in the form of tocotrienols 
(Tocomax™) and super oxide dismutase (SOD) in 
preventing peripheral neuropathy in colorectal can-
cer patients. The study therefore had two arms: the 
experimental one consisting of the pharmacological 
combination and the control one based on placebo. 
The primary endpoint was the assessment of OIPN 
incidence and severity between the two treatment 
arms. The secondary endpoints were the correla-
tion between the OIPN and the oxaliplatin dose in 
terms of symptoms intensity, type of neuropathy 
and quality of life; finally, the OIPN duration along 
the follow-up checks.
The primary endpoint was assessed through the 
functional medical evaluation which attested the 
appearance of OIPN and its preliminary grada-
tion according to the NCI-CTCAE (National Cancer 
Institute - Common Toxicity Criteria for Adverse 
Events). Oncologist assigned a score as follows: 0 
= normal; 1 = weakness on physical exam and/or 
loss of reflexes or paresthesias not interfering with 
daily function; 2 = weakness and sensory altera-
tions interfering with daily function; 3 = weakness 
and sensory alterations interfering with activities 
of daily living or requiring bracing or assistive de-
vices; 4 = life threatening, paralysis, disabling (13).
For the assessment of the secondary endpoints, 
the patient questionnaires were added to the func-
tional medical evaluation. These were completed 
at baseline, prior to the start of treatment, at 3 and 
6 months and every three months after treatment 
cessation during the 12 months of follow-up. 
We selected two questionnaires validated and pro-
moted by the EORTC (European Organization for 

Vol. 1(1), 43-55, 2021

Research and Treatment of Cancer). The first was 
the QLQ-CIPN20 (Quality of Life Questionnaire - 
Chemotherapy Induced Peripheral Neuropathy) 
which evaluated the link between the cumulative 
exposure to oxaliplatin and each aspect of the 
OIPN such as the type of neuropathy, the intensi-
ty of symptoms and the implications on quality of 
life. This tool included 20 items measurable through 
a Likert scale ranging from 1 (not at all) to 4 (very 
much); scores were linearly transformed to 0-100 
scale (14).
The second questionnaire was the QLQ-C30 (Qual-
ity of Life Questionnaire - Cancer) which assessed 
the quality of life of patients in relation to a large 
spectrum of physical, psychological and cognitive 
symptoms, not necessarily due to OIPN; each item 
was scored from 1 (not at all) to 4 (very much), ex-
cept for the global QoL perception which ranged 
from 1 (very poor) to 7 (excellent). Similarly, to the 
first, also in this questionnaire the scores obtained 
were transformed into a 0-100 scale (15).
Finally, the same tools were used to define the 
OIPN duration after 3, 6, 9, 12, 15 and 18 months 
from the start of treatment. 

Pharmacological rationale
In our experience we decided to use the combina-
tion of vitamin E and superoxide dismutase. These 
are two antioxidant substances that play a central 
role in fighting free radicals. Vitamin E is a powerful 
antioxidant which neutralizes reactive oxygen spe-
cies (ROS) and actively protects cells from oxidative 
stress and in particular from lipid peroxidation. Su-
peroxide dismutase, on the other hand, is an en-
dogenous enzyme present in most human tissues 
which converts ROS into hydrogen peroxide, thus 
contributing to the reduction of oxidative stress. 
We chose to use this drug combination for two 
main reasons: first of all, the best known and stud-
ied pathological mechanism of oxaliplatin-induced 
neuropathy is just the peripheral axonal damage 
due to oxidative stress. Secondly, we exploited the 
positive results of some preliminary studies which 
demonstrated the efficacy in the use of these mol-
ecules to prevent oxaliplatin neuropathy (12).

Patients population, analysis time and 
treatment plan
Colorectal cancer patients aged 18 years or more, 
with a good performance status (ECOG 0,1) were 
assigned to adjuvant or palliative chemotherapy 
with oxaliplatin after obtaining informed consent. 
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Preexisting or actual neuropathy from any other 
cause - mellitus diabetes, chronic alcoholism, mal-
nutrition or vitamin B deficiency, prior exposure to 
chemotherapy, pregnancy, and gluten intolerance 
were exclusion criteria. Forty-seven patients were 
enrolled from January 2014 to October 2015 in our 
Center, from a total of 80 expected patients. Due to 
a slowdown in enrollment, the study was closed ear-
ly. The diagram in figure 1 illustrates patients’ flow-
chart. Baseline characteristics were equivalent for 
the two treatment arms and are reported in table 
I. Thirty-eight patients were operated and received 
adjuvant chemotherapy while nine patients were in 
advanced stage and received palliative chemother-
apy. Of the total 47 patients, 24 were assigned to 
the experimental arm and 23 to the control arm.
The study included 18 months of analysis with a mini-
mum of 6 months of active therapy and 12 months of 
follow-up. Treatment interruption before 6 months, 
because of toxicity or early chemotherapy discontin-
uation, was considered in the statistical analysis.
The drug combination was registered as Reclex® 
but, for the purpose of our study, it was made 
clearly unrecognizable. Reclex® retard enteric-coat-
ed controlled-release pills were administered daily 
during the whole chemotherapy treatment period 
(6 months).  Even if one or more cycles of oxalip-
latin were not administered the antioxidant drug 
was maintained. Drug administration was inter-
rupted only in cases of severe oxaliplatin side ef-
fects. Patients were dropped from the trial if treat-
ment was interrupted for more than seven days.  

STATISTICAL ANALYSIS
All patients were recruited, treated and followed-up 
at the Medical Oncology Unit of IRCCS San Matteo 
Hospital of Pavia, in Italy. Patients were randomly 
assigned to Reclex® or placebo groups.  The sam-
ple size required (40 patients for each group) was 
calculated from the hypothesized difference of 
40% (control group) versus 10% (Reclex® group) in 
the neurotoxicity rate when power is set at 80%. 
Calculations used two-sided t tests with alpha er-
ror set at 0.05. Expecting a 10% of drop out, a total 
of 80 patients were considered for recruitment. 
Efficacy assessment is primarily conducted on an 
“intention-to-treat” approach. All randomized pa-
tients have been included in the data analysis: in 
cases of drop out and interrupted follow-up, pa-
tients were considered as not having achieved 
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47 patients enrolled

SOD + Vitamin E Arm

24 patients enrolled

22 patients completed
study treatment per

protocol

22 patients included in
intenion to treat

analysis
21 patients included in

intenion to treat
analysis

2 patients who did not
complete:

- 1 PD

- 1 retired consent

3 patients who did not
complete due to:

- 1 PD

- 1 drop out

- 1 adverse effect:
neurotoxicity

20 patients completed
study treatment per

protocol

Placebo Arm

23 patients enrolled

Figure 1. Patients flow-chart.

endpoint. Frequencies and percentages were cal-
culated for qualitative data and comparisons were 
analyzed using chi-square test or Fisher exact test, 
as appropriate. Mean and standard deviation were 
used for describe quantitative variables, if normal-
ly distributed, otherwise median and interquar-
tile range (IQR) were used. A t test for independ-
ent data (or equivalent non parametric test) was 
used to compare quantitative variables between 
two group. Linear regression models for repeat-
ed measures were used to analysis the changes 
over time of EORTC-CIPN20 and QLQ-C30 scores. 
Data were express as monthly change means with 
theirs Standard Errors (SE). A value of p < 0.05 was 
considered statistically significant. All tests were 
two-sided. The data analysis was performed using 
the STATA statistical package (version 15.0, 2017, 
Stata Corporation, College Station, Texas, USA).

RESULTS
Of the total 47 patients, 43 were analyzed as in-
tention to treat population. Regarding the prima-
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ly, there were no differences between the two arms 
in terms of non-neurological toxicities evaluated us-
ing the second questionnaire (figure 5). Reported 
side effects can be attributed to known toxicity asso-
ciated with chemotherapy and not to experimental 
compound or placebo. Therefore, SOD/tocotrienols 
association with chemotherapy was well tolerated. 
After 12 months of follow-up, 50% of participants 
experienced complete relief of paresthestias, 
while 50% had persistent symptoms, in most cases 
with grade 1, although 2 patients still had grade 
2. Our results partially reflect literature data on 
the incidence of paresthesias. The trial showed 
neurotoxicity in 32,5% of patients, a percentage 
slightly lower compared to the values present in 

ry endpoint of the study, the incidence rates and 
grades of neurotoxicity were assessed during 
treatment, at the end of treatment and after 12 
months of follow-up. During chemotherapy, 14 
patients (32,5% of total) reported development 
of paresthesias. Incidence of NCI-CTCAE grades is 
described in figure 2. We observed an increase of 
symptoms intensity during active treatment and a 
reduction during follow-up (figure 3).
For the secondary endpoints, the QLQ-CIPN20 ques-
tionnaire showed no significant difference between 
treatment arms in terms of OIPN incidence, evolu-
tion, type of neuropathy, symptoms intensity and 
quality of life (figure 4). The average monthly change 
of the QLQ-C30 scores is reported in table II. Similar-

Figure 2. a. Distribution of NCI-CTCAE grading of paresthesia at appearance; b. at the end of chemotherapy; c. after 12 months follow-up.

RECLEX® RETARD 
(NO 24) PLACEBO (NO 23) ALL P

Median Age (IQR) 59.0 (53.1 – 65.5) 64.6 (60.9 – 68.4) 62 0.0370

Female (%) 6 (25.0) 5 (21.7) 11 0.792

STAGE

C1/C2
D

18 (47)
6 (67)

20 (53)
3 (33)

38
9 0.461

PLANNED CHEMOTHERAPY REGIMEN (%)

XELOX
FOLFOX4
FOLFOX6 (± bevacizumab or 
panitumumab)

4 (16.7)
14 (58.3)
6 (25.0)

9 (39.1)
11 (47.8)
3 (13.0)

13
25
9

0.211

COMPLETED TREATMENT

XELOX
FOLFOX4
FOLFOX6 (± bevacizumab or 
panitumumab)

3 (12.5)
14 (58.3)
5 (20.8)

9 (39.1)
9 (39.1)
2 (8.7)

12
23
7

0.075

Table I. Baseline patient characteristics.
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Figure 3. Duration of paresthesias; in majority of cases paresthesias resolved within 4 months. Some patients still have experience of 
symptoms after 7, 10 months or after termination of follow-up period (12 months).

Figure 4. Results of QLQ-CIPN20.



49

Vol. 1(1), 43-55, 2021

QLQ C30 - Global health status

Physical functioning

Role functioning

Emotional functioning

Cognitive functioning

Social functioning

Months

Reclex®retard Placebo

Figure 5. Results of QLQ-C30.

literature (40-50% as mean value). However, grade 
3 incidence is similar (9,3% in PLANET trial vs 10-
20% in literature). In the literature, symptoms are 
reported to be reversible within 6-12 months after 
treatment conclusion. Similarly, in the PLANET tri-
al, relief occurred in 6-12 months with a median of 
4 months (6-8).

DISCUSSION
The exact mechanisms underlying the OIPN are 
unclear.  It has been proposed that the acute form 
is a result of increased excitability of peripheral 
neurons caused by functional impairment of cur-

rents through Na+ voltage-gated ion channels in 
nerve membranes after the chelation of calcium 
by oxalate, a metabolite of oxaliplatin. Chronic 
neuropathy results instead from the accumula-
tion of platinum in dorsal root ganglion cells. A 
well-known pathological mechanism at the base of 
OIPN is the production of free radicals; these affect 
the integrity of the axonal membranes altering the 
correct conduction of nerve impulses (5-8, 11).
In the literature there is much evidence that sev-
eral classes of chemotherapy agents, including 
Oxaliplatin, can lead to the formation of ROS (16). 
This is the reason why medical research promoted 
the use of antioxidants in the prevention of OIPN. 
The most varied molecules with antioxidant activi-
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however obtaining a subsequent confirmation in 
the randomized and controlled clinical trials (23-
30).
The role of cannabinoids was studied in a small 
randomized trial which, however, was negative 
(31). Some researchers focused on cryotherapy 
and compression techniques, often combined, ob-
taining discordant results; in some trials it would 
seem that the techniques have a positive result 
in the management of OIPN in others they do not 
(32-40). 
One substance which seemed promising is met-
formin which in a small randomized trial it shown 
to reduce the severity of oxaliplatin-induced neu-
ropathy compared with the control arm. Clearly, 
more studies are needed to confirm its efficacy 
(41).
Many studies focused on the antiepileptic and an-
tidepressant drugs. Gabapentin and pregabalin 
appear to produce positive effects on OIPN but 
without evidence confirmed by large-scale clin-
ical studies (42-44). In the EFFOX trial, Durand et 
al. demonstrated a clear efficacy of venlafaxine 
in preventing OIPN; in contrast, Zimmerman and 
colleagues failed to confirm any benefit using this 
drug (45, 46). The only drug in this class that has 
been shown to be efficacious in the management 
of chemotherapy-induced neuropathy is duloxe-
tine. But its efficacy, as can be easily imagined, still 
needs to be validated (47-49).
Afterwards the research focus shifted to mole-
cules with neuroprotective activity. Mangafodipir 
is a chelate of manganese which seemed to reduce 
OIPN-related symptoms but its systematic use is 
not recommended due to the neurological toxicity 
resulting from the compound (50). Other neuro-
protective molecules like amfostine, N3-polyun-
saturated fatty acids, xaliproden, analgecine have 
been studied with promising effects in a few small 
trials (51-54).
Given the lack of real efficacy of global results, tra-
ditional oriental medicine has even been applied 
and in particular the role of herbs with a detoxify-
ing action or the acupuncture. Again, the final re-
sults are negative (55-58).
Despite positive results obtained in several trials, 
there are no recommendations for any of these 
substances. Further prospective, randomized, con-
trolled trials with larger sample sizes are needed 
to confirm these findings and to verify the clinical 
value of these agents in the management of OIPN.
But most of all, what is now evident is that the 

ty were tested, the main ones being vitamin E and 
glutathione. Overall, no specific molecule has been 
shown to be efficacious in preventing neurotoxici-
ty; the best and most encouraging results were ob-
tained with the use of glutathione (12, 17-20).
The following are the most significant studies on 
the other substances most frequently used in the 
management of oxaliplatin-induced neuropathy. 
Let’s start from the Acetyl-L-carnitine; this is an 
enzyme which transports fatty acids into the mi-
tochondria and appears to have an antioxidant 
action in the nervous system. Nevertheless, its effi-
cacy in preventing OIPN has not been proven (21).
Another substance put under the magnifying glass 
of scientific research is the Alpha-lipoic acid; it is an 
antioxidant molecule particularly active in the liver 
and nervous system. The only randomized study 
on its use concluded that it is unable to prevent 
OIPN and is also poorly tolerated (22).
A positive glimmer seemed to come from the intra-
venous administration of calcium and magnesium; 
several studies documented its efficacy without 

MEAN SE P

GLOBAL HEALTH 
STATUS   0.97 0.19 < 0.001

PHYSICAL 
FUNCTIONING   0.3 0.13    0.024

ROLE FUNCTIONING   0.71 0.14 < 0.001

EMOTIONAL 
FUNCTIONING   0.73 0.13 < 0.001

COGNITIVE 
FUNCTIONING - 0.16 0.17    0.356

SOCIAL FUNCTIONING   0.66 0.17 < 0.001

FATIGUE - 0.61 0.17    0.001

NAUSEA AND 
VOMITING - 0.20 0.06    0.002

PAIN - 0.38 0.15    0.012

DYSPNEA   0.02 0.16    0.879

INSOMNIA - 0.53 0.19    0.008

APPETITE LOSS - 0.34 0.14    0.022

CONSTIPATION - 0.29 0.25    0.246

DIARRHEA   0.04 0.15    0.795

FINANCIAL 
DIFFICULTIES - 0.26 0.25    0.303

Table II. Average monthly change of QLQ-C30.
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positive result on the pharmacological activity and 
on the clinical benefit of the substances used. The 
most important review we have today expresses 
a negative opinion on antioxidant substances, in-
cluding vitamin E and superoxide dismutase, in the 
management of OIPN, which is consistent with our 
small experience (61).
A methodological limitation is represented by 
the use of questionnaires for patients to assess 
the intensity of neuropathy, which, however well 
compiled, remain absolutely subjective tools. The 
choice of this system, nevertheless, is due just to 
the fact that the symptoms of neuropathy, from 
paresthesia to pain, are subjective experiences for 
which there are no validated tools able to change 
the symptom in a clinical sign perfectly objectiva-
ble; to do this, it is necessary to use specialized 
tests, such as electroneuromyography, which on 
the whole are expensive, require specialized staff 
and do not represent ideal and flexible methods 
to be used frequently as in our study (62). Finally, 
we can say that the antidote for this toxicity may 
not be a single drug but maybe a combination of 
several active molecules which reflects the multi-
factorial nature of problem. 
OIPN remains an open chapter of oncology for 
which more information is needed in order to 
identify an efficacious treatment strategy. The pre-
vention of this toxicity would allow a better man-
agement of platinum-based chemotherapy and an 
improvement in the quality of life of patients.
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pathogenesis of this problem is multifactorial, 
with partly still unknown mechanisms. Scientific 
research is trying to better study them and to de-
velop efficacious treatment strategies against this 
toxicity. 
The only useful approach that remains to oncol-
ogists is the management of oxaliplatin-based 
chemotherapy and more specifically the applica-
tion of strategies such as dose reduction, slowing 
the infusion rate or the “stop and go” strategy. OP-
TIMOX and CONcePT are two of the trials which 
have supported these OIPN prevention and treat-
ment strategies (59-60).
The American Society of Clinical Oncology (ASCO) 
recently published the guidelines for the preven-
tion and management of chemotherapy-induced 
peripheral neuropathy; it is a monumental review 
of the literature on the subject that rigorously ana-
lyzes nearly 40 substances, classifying them by 
strength of recommendation, evidence and clinical 
benefit. The innovative purpose of this work is the 
revision of randomized studies on the use of the 
analyzed substances in order to draw general and 
non-anecdotal conclusions. The ASCO expert pan-
el confirms the appropriateness of clinical strate-
gies for reducing or discontinuing chemotherapy 
and recognizes, with a moderate level of benefit, 
the treatment of OIPN with duloxetine reserving 
to obtain further data from subsequent and more 
targeted studies (61).

CONCLUSIONS
Our PLANET experience leads us to conclude that the 
association of vitamin E and SOD has not proved ef-
ficacious in preventing the OIPN. The main reasons 
are due to the smallness of the sample analyzed 
and the pathogenetic complexity of the phenome-
non in which oxidative stress represents, according 
to medical literature, only a part of the mechanisms 
responsible for the OIPN. The positive note is that 
the treatment has a good tolerance. 
As happens in most monocentric studies, a lim-
it to be dealt with is just the small sample of pa-
tients studied which understandably affects the 
non-generalizability of the results obtained. Nev-
ertheless, given the lack of solid data on this topic, 
we decided to publish our experience anyway, net 
of the final results. When we realized our work the 
ASCO guidelines had not yet been published so we 
based on preliminary studies which showed some 
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ABSTRACT
With the emergence of COVID-19, Oncologists have 
had to face up to the challenge of continuing active 
treatments without compromising patients and 
healthcare personnel’s safety. We introduced a 
double-step triage strategy (by phone and on site) 
for cancer patients in order to identify patients at 
risk of COVID-19 and to avoid their admission to 
our Oncology Unit.
From February 24th to April 7th 2020, we performed 
819 phone calls, leading to the authorization of 
788 accesses (312 patients) to the outpatient clinic. 
26 patients were kept at home, 23 managed with 
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symptomatic treatments and 3 hospitalized for 
suspected COVID-19. At the second triage level, 5 
patients weren’t admitted to the Outpatient clinic 
for respiratory distress. None of the 58 healthcare 
workers were infected by SARS-CoV-2.
The surveillance strategy was carried on according to 
hospital indications which opted to do the screening 
only of people reporting symptoms because an ac-
tive strategy was not feasible at that time. Our prac-
tical approach allows the identification of patients at 
risk of COVID-19 infection and appears effective in 
maintaining cancer care with high levels of safety.
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IMPACT STATEMENT
A simple double-step triage strategy has been use-
ful in maintaining cancer patient and health care 
worker safety during COVID-19 emergency in Italy.
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INTRODUCTION
Italy’s COVID-19 outbreak originated in Southwest 
Lombardy, on February 21st, 2020. The Fondazione 
IRCCS Policlinico San Matteo in Pavia, the near-
est and largest teaching hospital near Codogno, 
was involved in the management of the outbreak 
from the start, undergoing a rapid and thorough 
reorganization (1, 2). In this emergency, the behav-
ior of health care workers had to follow the risk 
management strategy of “resilience”, a term used 
to define the ability to face a new situation by im-
proving management skills (3). Also the oncologist 
community suggested to adapt the patient man-
agement in order to assist cancer patients in the 
safest way by introducing methods to improve a 
careful evaluation of every single patient to opti-
mize oncological treatment (4). Practically, the on-
cologists needed to perform a substantial quality 
improvement focused to avoid nosocomial COVID 
19 spread. According to these suggestions, and 
moving from a Deming cycle (Plan – Do – Check – 
Act), we planned (P) and put into practice a simple 
and safe triage protocol (D) aimed to screen each 
patient before his admission into Day Hospital or 
Ward spaces which had to remain COVID-19 free. 
This paper describes the obtained results (Check) 
to verify which improvements are needed (A). 

MATERIALS AND METHODS
The outbreak of COVID-19 required an immedi-
ate reorganization of our workflow to minimize 
the risk of contamination. Before this emergency, 
there were no specific procedures to evaluate pa-
tients before admission for active treatment and 
there were no epidemiological checks.
From February 24th, we chose to start a protocol 
based on a double-step triage strategy for cancer 
patients, already under treatment or newly diag-
nosed, consisting of:
• first step: a phone call the day before active 

therapy or admission;
• second step: a clinical evaluation before the ad-

mission to the outpatient and inpatient wards 
on the day of the treatment.

The phone call was done by an experienced cli-
nician the morning before the scheduled access 
in order to evaluate the clinical conditions of the 
patient and of the members of his/her family by 
asking information about the presence of signs/

symptoms as detailed in table I.
Every call lasted about 15 minutes and was pref-
erably directed to the patient and not to the car-
egiver or to a member of the family to make sure 
that the symptoms were really reported and not 
missed.
This assessment took account of signs and symp-
toms potentially related to the underlying disease 
or treatment toxicity.
Moreover, the clinician asked each patient if, within 
the previous 72 hours, he/she had been into known 
outbreak areas (for the first period of epidemic), 
or had had direct contact with people known to 
have been affected by COVID-19 or with people 
currently in quarantine. The same questions were 
addressed also to the patient’s relatives, to identify 
potentially infectious close contacts.
The questionnaire was modified according to rel-
evant information on COVID-19 published in the 
medical literature (e.g., after the alert on anosmia 
and dysgeusia as consequence of COVID-19 (5)) 
and to the local protocol management (6).
In the presence of symptoms potentially related to 
COVID-19 infection, the patient was invited to stay 
at home, and a symptomatic treatment was sug-
gested. Daily phone monitoring was implemented 
and, in cases of worsening of clinical status, the pa-
tient was signaled to the general practitioner for 
clinical evaluation at home and eventually referred 
to the regional Emergency Medical System (EMS) 
for evaluation for hospital admission (7), according 
to standard protocols of outpatient management.
The second triage level was performed before the 
patient entered either the day hospital or the inpa-
tient ward by the nurse case manager and a physi-
cian, both wearing personal protection equipment 
(PPE) as suggested by WHO guidelines (8). This tri-
age consisted of a new evaluation of clinical state 
by measuring body temperature and evaluating 
possible signs and symptoms of respiratory infec-
tions. This procedure aimed at a more careful ex-
amination of patients to reinforce what emerged 
at the first triage level. Both in the triage area and 
in the therapy rooms, a security distance of at least 
120 cm was rigorously observed, and every patient 
was trained to wear a surgical mask and shoe cov-
ers, and to disinfect, at least at admission and be-
fore discharge, the hands with an hydro-alcoholic 
gel. Patients who were hospital admitted, in case 
of fever or other suspicious symptoms, underwent 
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a nasopharyngeal swab for SARS-CoV 2, an X-ray of 
the thorax and blood exams. In case the swab was 
negative, but X-ray was doubtful for a diagnosis of 
interstitial pneumonia, patients were not allowed 
to entry in the ward. With the aim of reducing so-
cial interaction, patient’s relatives were not allowed 
to enter the hospital area.
Healthcare workers at the second level triage posi-
tion and involved in the direct care of patients used 
the WHO-suggested PPE: eye protection (goggles), 
liquid-repelling gowns, double gloves, a class-2 fil-
tering face-piece respirator (FFP2). Workers inside 
the Day Hospital room were equipped with surgical 
mask, goggles, not waterproof gowns and, obvious-
ly, gloves. The aim was to supply each worker with 
standard protective equipment for each work-shift.
Cleaning procedures have been also implemented 
and standardized; in particular, ward surfaces were 
cleaned every day with sodium hypochlorite in ter-
minal sanitation (9, 10). Every day, a careful check of 
the procedure was made, with the aim of revealing 
any deviation from the protocol. Furthermore, the 
people wearing PPE followed refresher-training ses-
sions on their use. The study was approved by the 
local Ethics Committee (Comitato Etico Area Pavia) 
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and Institutional Review Board (P-20200038244), in 
accordance with the ethical standards  established 
in the Declaration of Helsinki of 1946. All the sub-
jects signed an informed written consent before 
the enrollment in the study. This brief report has 
been written following SQUIRE 2.0 framework as 
suggested by quality improvement guidelines.

RESULTS
From February 24th to April 7th 2020, we have per-
formed 819 phone calls, leading to the author-
ization of 788 accesses (312 patients) to the out-
patient clinic for active treatments. In the same 
period, one year ago, without any specific triage 
procedure, we recorded 820 Day hospital access-
es. Twenty-six patients (8.3%) with fever (> 37.3 °C) 
and/or other symptoms were kept at home and 
managed by repeated telephone calls; 3 patients 
were subsequently hospitalized for suspected 
COVID-19, while 23 were managed at home with 
symptomatic treatments and antibiotics.
At the second triage level, 5 patients presented 
persistent fever or respiratory distress before be-

SIGNS & SYMPTOMS PRESENT AT THE TIME OF THE CALL  
OR 2 WEEKS BEFORE YES NO

Temperature ≥ 37.3 °C � �

Gastrointestinal Symptoms (nausea/vomiting/diarrhea) � �

Respiratory symptoms
(cough/nasal discharge, dyspnea) � �

Anosmia � �

Ageusia � �

Asthenia � �

Conjunctivitis � �

Headache � �

Myalgia/arthralgia � �

Patients’ relatives with same symptoms � �

NUMBER OF PATIENTS REPORTING SIGNS/SYMPTOMS

Patients with 1 sign/symptom n. 15 

Patients with 2-3 signs/symptoms n. 10 

Patients with > 3 signs/symptoms n. 1 (Fever, Cough, Anosmia) 

Symptomatic patients’ relatives n. 1 (Fever)

Table I. First step triage questions asked by phone to patients the day before admission and number of patients reporting signs/symptoms.
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Some very frail patients were hospitalized to re-
ceive active oncological treatments or invasive di-
agnostic procedures and to avoid to expose them 
to COVID-19 infection during their stay in various 
areas of the hospital.
This study has main limitations, consisting in the 

ing admitted to the Outpatient clinic, 2 of them 
were tested PCR-positive. 
Overall, 5 triaged patients (3 at the first step and 2 at 
the second one) were hospitalized and proved posi-
tive for SARS-CoV-2 by nasal swab. All patients experi-
enced a course of hospital stay, treated with steroids, 
heparin and antibiotics, and were discharged alive.
In the same period 177 patients were admitted to 
the inpatient ward: 89 for cancer treatments, in-
cluding 5 with germ cell tumors undergoing stem 
cell transplantation programs, 88 for diagnostic 
procedures or for supportive measures. As of April 
7th, none was found to be COVID-19-positive and 
both outpatient and inpatient areas were still COV-
ID-19 free. Moreover, no healthcare workers be-
came infected by SARS-CoV-2. 
The healthcare staff consisted of 20 doctors and 38 
nurses and other people dedicated to patient assis-
tance. The surveillance strategy was carried on ac-
cording to hospital indications which opted to do the 
screening of people reporting symptoms because 
an active strategy was not feasible at that time.
The main characteristics of the patients stopped at 
the two triage levels are shown in the table II.

DISCUSSION
During the COVID-19 pandemic, oncologists were 
between Scylla and Charybdis (11): they had to 
protect both patients and themselves against the 
risk of infection and, at the same time, allow their 
patients to receive appropriate diagnostic work-
ups and curative therapies (12). 
So far many authors have reported the importance 
of organizing patient flow, including adopting the 
strategy of telemedicine, to minimize the contact 
between them (13-15). The approach described in 
the present single-institution experience, based 
on a simple double-step triage strategy, allows the 
identification of patients at risk for active COVID-19 
infection, and avoids their admission to the outpa-
tient clinic and inpatient ward. As compared with 
the pre-screening protocol, we arranged our activity 
without substantially reducing the normal “pre-COV-
ID” level, and without the need of extra resources. 
During this emergency some health activities were 
suspended or drastically reduced, such as the fol-
low-up visits which represent a significant commit-
ment “in peacetime” in terms of time worked. Also 
first contact visits diminished as consequence of the 
reduction of surgical and diagnostic procedures. 
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TYPE OF TUMOR NUM PATIENTS %
Lung Cancer 11 36
Breast cancer 6 20
Colon cancer 6 20
Melanoma 2 6
Gastric cancer 1 3
Pancreatic cancer 1 3
Prostate cancer 1 3
Thymic carcinoma 1 3
Ovaric cancer 1 3
Renal cancer 1 3
TYPE OF ONCOLOGICAL 

TREATMENT NUM PATIENTS %

Chemotherapy 24 78
Immunotherapy 5 16
Targeted therapy 2 6
SETTING OF TREATMENT NUM PATIENTS %

Neoadjuvant 0 0
Adjuvant 5 16
Metastatic 26 84

COMORBIDITIES NUM PATIENTS %
Hypertension 16 52
Type 2 Diabetes 6 19
BPCO/Asthma 4 13
Coronaric heart disease 4 13
Obesity 3 10
HCV/HBC 2 6
HIV 0 0
No comorbitidies 10 32
 ≥ 1 comorbidity 21 68

SEX NUM PATIENTS %
Male 18 58
Female 13 42

AGE (YEARS) NUM PATIENTS %
18-29 0 0
30-39 1 3
40-49 5 16
50-59 9 29
60-69 8 26
70-79 7 23
≥ 80 1 3

Table II. Patients’ characteristics not admitted in Day Hospital (first 
step and second step).
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lack of a control and of the possibility to compare 
it with the approach of other Hospitals in the same 
area: some Hospitals became COVID at all and 
the Hospitals that remained COVID free adopted 
completely different protocols. Moreover, we did 
not put in place protocols like telemedicine; in fact 
they were reserved to the management of patients 
remaining at home and were not enough to screen 
patients needing a hospital access.

CONCLUSIONS
Our approach put successfully into practice the ca-
pacity to adapt our management to a global health 
emergency (“resilience”) and to maintain high lev-
els of safety for patients and health care workers 
as demonstrated by the absence of COVID-19 in-
fections among patients and health care workers.
According to the guidelines of improving quality in 
healthcare, this kind of strategy is fully sustaina-
ble even in a setting where the availability of swab 
and serologic tests is limited. Moreover, even 
where diagnostic methods are available, combin-
ing a clinical and virologic approach may be useful 
in case of other pandemic waves when the capac-
ity of the healthcare services may be once again 
overcrowded. 
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ABSTRACT
Nivolumab is approved and reimbursed by Italian 
Drug Agency (AIFA) in several tumors, including 
non-small cell lung cancer, head & neck cancer and 
renal cell cancer. In May 2018, the original sched-
ule (3 mg/kg every 2 weeks) - used in pivotal clinical 
trials demonstrating treatment efficacy - was re-
placed by a flat dose (240 mg every 2 weeks). Aim 
of this study was to identify the most cost-effec-
tive dosing strategy of nivolumab in a real-world 
setting. The primary endpoint of this analysis was 
the difference of nivolumab costs between the real 
scenario based on data from our hospital, and the 
hypothetical expenditure according to different 
simulated strategies of nivolumab dosing. The sec-
ondary endpoint was to report the economic sav-
ings associated with “drug day” and dose rounding 
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strategies in the same scenario.
We collected data from patients treated with 
nivolumab at Mauriziano Umberto I Hospital in 
Turin, from January 2019 to August 2020. We ana-
lysed different dosing strategies (flat dose, weight-
based-dose and hybrid), computed the cost of each 
one and compared them to the real expense. In ad-
dition, we performed sensitivity analysis modifying 
nivolumab price and mean patients’ body weight.
Among different dosing strategies, hybrid strategy 
was the most cost-effective approach, with a 11.7% 
saving compared to the real expense. Dose round-
ing and vial sharing minimized the drug waste. 
Applying our data to a hypothetical population of 
1000 patients, savings associated with hybrid strat-
egy could have covered 1423 additional treatment 
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INTRODUCTION
Nivolumab is a fully humanized IgG4 antibody that 
enhances antitumor immune responses by blocking 
immune checkpoint and diminishing inhibitory signa-
ling through the programmed death receptor-1 (PD-
1) pathway (1). Randomized phase III trials CheckMate 
017, 057, 025 and 141, testing nivolumab at the dose 
of 3 mg per kilogram of body weight (mg/kg) every 2 
weeks (Q2W), had shown a better overall survival (OS) 
versus docetaxel in squamous and non-squamous 
metastatic non-small cell lung cancer (NSCLC) (2, 3), 
versus everolimus in advanced renal cell carcinoma 
(RCC) (4), and versus standard single-agent at inves-
tigator’s choice in platinum-refractory squamous cell 
carcinoma of the head and neck (SCCHN) (5). Based 
on these results, as well as the results of other piv-
otal trials, nivolumab has been approved in many 
countries for treatment of several types of cancers, 
including previously-treated patients with metastatic 
NSCLC, RCC and SCCHN and patients with advanced 
melanoma. In Italy, nivolumab is reimbursed by Ital-
ian Medicines Agency (Agenzia Italiana del Farmaco, 
AIFA) for the aforementioned indications (6).
The drug had received the first approval for ad-
vanced melanoma in December 2014 by Food and 
Drug Administration (FDA) at a dose of 3 mg/kg 
Q2W, based on the results of the CheckMate-037 
study (7). The dose of 3 mg/kg was originally se-
lected based on nivolumab anti-tumor activity 
and safety data from a large phase Ib open-label 
dose-escalation study, conducted in patients with 
different advanced or recurrent malignancies. 
The drug showed a wide therapeutic index from 
0.1 to 10 mg/kg, without a maximum tolerated 
dose (MTD) (8, 9). Clinical and pharmacodynamic 
data identified 3 mg/kg of nivolumab as the opti-

mal regimen to guarantee the maximum efficacy 
and tolerability in different malignancies and to be 
tested in the following clinical trials. The use of a 
body-weight based schedule was justified by the 
intention of reducing variability in both drug distri-
bution and elimination between patients.
In September 2016, US Food and Drug Administra-
tion (FDA) has modified the dosage regimen to the 
flat-dose of 240 mg Q2W (which is the equivalent 
dose for patients weighing 80 kg), followed by Eu-
ropean Medicines Agency (EMA) in 2018. The transi-
tion to a fixed dose of nivolumab took place to allow 
a shorter drug preparation time, an easier adminis-
tration and easier medical prescription of treatment 
regimens, and led to a waiting time reduction for 
patients (10). Following EMA decision, in May 2018 
adoption of fixed dose was recommended by Italian 
Drug Agency. Consequently, all patients who start-
ed treatment after May 2018 received fixed dose, 
while patients already on treatment continued with 
the previous dosing strategy (3 mg/kg). 
Several PD1/PD-L1 inhibitors, such as nivolumab, 
pembrolizumab and avelumab, were initially ap-
proved by regulatory agencies with a body weight-
based dose, according to the standard practice of 
correlating drug clearance to body surface area. 
Nevertheless, several dose-findings studies have 
shown similar efficacy and safety between different 
dosing regimens through the assessment of phar-
macokinetics data, exposure-response relationships 
and tolerability results (11, 12). Flat dose and body 
weight-based dose provide similar distribution and 
drug exposure, within a similar range of pharma-
cokinetic variability, ensuring additional support 
for switching dosing regimen (13). With regard to 
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IMPACT STATEMENT
This analysis compared the economic impact of 
different dosing strategies of nivolumab, based on 
the results obtained in a single Italian center, and 
showing hybrid dose strategy as the most cost-ef-
fective one.

cycles. Hybrid strategy was confirmed the most-
cost effective in all sensitivity analyses.
Hybrid strategy was the most cost-effective strat-
egy compared to the other dosing strategies (and 

compared to the real scenario, mainly based on 
fixed dose). Furthermore, this analysis demon-
strated the importance of waste minimization poli-
cies, decreasing oncologic therapies costs.
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nivolumab, previous dose-response and expo-
sure-response analyses showed overlapping safety 
and efficacy results, from either 3 mg/kg Q2W or 
240 mg Q2W flat dose, which allows the use of flat 
dose as an effective therapeutic dosage for > 80 kg 
patients (8, 14-16). On the other side, pharmacody-
namic trials has identified body weight-based dos-
ing as the optimal regimen to provide the maximum 
efficacy and tolerability for several malignant dis-
ease (8, 9, 17) and subsequently in nivolumab pivotal 
trials (2-5), justify this schedule for < 80 kg patients.
However, several European and American studies 
have highlighted an increase in health expenditure 
with the adoption of flat dose. This discrepancy could 
be mainly attributed to the average weight of can-
cer patients in clinical practice, which is generally 
less than 80 kg (18-21). Several strategies have been 
proposed to reduce costs. Differently from flat dose, 
dose per kg of body weight, with different dose for 
each patient, is associated with a potential waste of 
drug. Waste minimization systems, such as the so-
called “drug day”, in which the drug is administered 
only on certain days of the week, allow the reuse of 
drug residues in vials. Furthermore, the dose round-
ing allows to round off the theoretical calculated dose 
using the available vial sizes and avoiding to open an-
other vial for a minimal amount of drug. Among the 
strategies proposed to reduce costs, the hybrid dos-
ing strategy (using 3 mg/kg in patients below 80 kg 
and flat dose with 80 kg and above) allows to use the 
more convenient dosing in each patient (22).
This analysis was conducted to compare the eco-
nomic impact of different nivolumab dosing strat-
egies: the flat dose adopted in May 2018 as the 
“official” dosing strategy (240 mg Q2W), versus the 
body weight-based dose, used for previous pa-
tients and adopted in the pivotal trials (3 mg/Kg 
Q2W), versus the “hybrid” dosing strategy (consist-
ing in the adoption of the 3 mg/Kg Q2W in patients 
with body weight < 80 kg and of the fixed dose 240 
mg Q2W in patients with body weight ≥ 80 kg).
The aim of this study was to identify the most 
cost-effective dosing strategy and quantifying the 
potential economic savings in a real-world setting.

MATERIALS AND METHODS
In this single-center retrospective analysis, we col-
lected expense and clinical data from patients with 
3 different tumor types (metastatic NSCLC, ad-
vanced RCC, platinum-refractory SCCHN) treated 
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with nivolumab at Mauriziano Umberto I Hospital 
in Turin, from January 2019 to August 2020.
The primary endpoint of this analysis was to de-
scribe the difference, in terms of nivolumab con-
sumption and nivolumab costs, between the real 
expense data based on data of our hospital, and 
the hypothetical expenditure according to differ-
ent simulated strategies of nivolumab dosing, in 
order to identify the most cost-effective approach.
The secondary endpoint was to report the eco-
nomic savings allowed by “drug day” and dose 
rounding strategies in the same scenario.
The analysis is based on the real expense data of 
nivolumab at Mauriziano Umberto I Hospital. In addi-
tion, we estimated the hypothetical consumption and 
expenditure of nivolumab in a population of 1000 pa-
tients, using three different dosing strategies:
• body weight-based dose: 3 mg per kilogram of 

patient body weight, every 2 weeks;
• flat dose strategy: 240 mg for every administra-

tion, regardless of weight, every 2 weeks;
• hybrid strategy: body weight-based dose for pa-

tients with body weight below 80 kg, and flat dose 
for patients with body weight 80 kg and above.

For the simulated scenarios, we assumed that the 
distribution of patients’ characteristics (in particular, 
in terms of body weight) in the hypothetical popula-
tion of 1000 patients is the same we observed in the 
series of patients treated at Mauriziano Umberto I 
Hospital. In addition, we assumed for our model the 
same proportion of patients still receiving the mg/kg 
dose in the period considered for the analysis, hav-
ing started treatment before the regulatory change 
in the drug schedule. Finally, we assumed that the 
impact of pharmacological characteristics (available 
size vials, “drug day”, amount of dose rounding and 
drug wastes) is the same in our Institution and in 
the whole simulated population.

Pharmaceutical characteristics
Three different sizes of nivolumab vials were avail-
able: 4 ml, 10 ml and 24 ml. Each ml of solution 
contains 10 mg of drug, and each vial contains an 
overfill. Consequently, vials of 4 mL, 10 mL and 24 
mL contain 45 mg, 110 mg and 247 mg of nivolum-
ab respectively. While in the fixed dose strategy the 
total dose is coincident with the whole content of 
vials, in body weight-based dose and hybrid strate-
gies, a variable amount of nivolumab wastage may 
occur, because more than one vial may be required 
to reach the total dose for patients and the amount 
of drug in vials may not exactly match the required 
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had metastatic disease and 9 a locally advanced dis-
ease not amenable for curative treatment.
The mean weight of patients included in the anal-
ysis was 69,5 kg. Only 6 patients (18%) had a body 
weight greater than or equal to 80 kg, and most of 
the patients (53%) had a body weight between 60 
and 80 kg.
In the study population, treatment with nivolum-
ab was always administered as a subsequent line 
after the failure of previous therapy: 25 patients 
(76%) as second line, 7 (21%) as third line and one 
(3%) as fourth line.
Regarding the nivolumab dose, about 70% of pa-
tients received flat dose and 30% received body 
weight-based dose. In fact, patients who had be-
gun nivolumab before the regulatory recommen-
dation of flat dose continued to receive nivolum-
ab 3 mg/kg. Furthermore, from April 2020, new 
patients received the body weight dose due the 
approval of hybrid strategy by the Internal Phar-
maceutical Commission of our Hospital.
We analysed the different alternative therapeutic 
strategies, computed the cost of each one and ap-
plied them to a hypothetical population of 1000 
patients receiving nivolumab.
In the cost analysis, we estimated the potential ex-
penditure for nivolumab for solid tumor treatment 
in the simulated population of 1000 patients using 
three different strategies (table II). This cost analysis 

dose. In clinical practice, it is allowed to round up 
dosages (dose rounding strategy) to reduce the 
drug waste, assuming that the minimal reduction in 
the dose does not impact treatment efficacy. Our 
hospital Pharmacy allows a rounding of nivolumab 
dosage within the 5% of the theoretical dose.
While flat dose strategy does not produce drug 
waste, drug residuals and correlated costs were 
calculated for weight-based dose and hybrid strat-
egies. Drug day system is used in our center to 
handle and minimize wastes.

SENSITIVITY ANALYSIS
Univariate sensitivity analysis was performed to 
control uncertainty of economic evaluation and to 
allow the generalizability in a larger population. Af-
ter base-cost analysis of nivolumab, we re-calculat-
ed the results of different dosing strategies holding 
all parameters but modifying 2 variables, in 4 alter-
native scenarios. In this economic model, two main 
variables were identified: the price of nivolumab and 
the body weight of patient. The nivolumab price has 
been reduced by 30% from January 2020 in Italy. Un-
til December 2019, the price of 1 mg of nivolumab 
was € 11,1 and the cost of one flat dose was € 2.664. 
From January 2020, the price of 1 mg has been re-
duced to € 7,69, with a total amount of € 1.845,6 for 
flat dose. Thus, we hypothesized two future scenar-
ios with further 30% decreasing price compared to 
the current price: reduction of the current price from 
€ 7,69 to € 5,39 (scenario I) and further reduction of 
30% from € 5,39 to € 3,77 (scenario II). Regarding pa-
tient’s body weight, in the study population we ob-
served a large variety of weight-based dosages, from 
a minimal value of 130 mg to a maximum dose of 
255 mg. The average weight-based dose was 192,9 
mg corresponding to a price of € 2.026,3 in 2019 and 
€ 1.403,8 in 2020. We then assumed two additional 
scenarios: scenario III considering a 5% increase in 
mean body weight and scenario IV considering a 5% 
decrease in mean body weight.

RESULTS

Baseline patient characteristics

33 patients were included in the study: 6 with RCC, 
8 patients with SCCHN and 19 with NSCLC (table I). 
Nearly all patients had advanced disease: 24 patients 
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PATIENTS 
CHARACTERISTICS N PTS (%)

MEAN AGE 68,3 y

SEX Male
Female

24 (73)
9 (27)

PERFORMANCE 
STATUS

ECOG 0
ECOG 1
ECOG 2

8 (24)
20 (60)
4 (12)

HISTOLOGY
NSCLC
RCC
SCCHN

19 (58)
6 (18)
8 (24)

STAGE Locally advanced
Metastatic disease

9 (27)
24 (73)

WEIGHT

Average weight
≥ 80 kg
< 80 - > 60 kg
≤ 60 kg

69,5 kg
6 (18)
17 (53)
10 (30)

NIVOLUMAB As 2nd line
As 3rd line

25 (76)
7 (21)

Table I. Baseline patients’ characteristics.
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weight-based strategies would be larger than the 
real scenario by 105%, corresponding to an abso-
lute increase of € 249.365,72. Flat dose would not 
create any drug waste, because of the administra-
tion of an entire vial per patient.
Transposing this result into a population of 1000 pa-
tients, the expenditure (excluding waste minimiza-
tion policies, in order to estimate the waste impact) 
would have been € 21.908.343,94 (table III). There 
was no difference in drug waste between the hybrid 
and the body weight-based strategies. Indeed, the 
consumption and waste of nivolumab were the same 
in both strategies in patients with body weight less 
than 80 kg. In patients ≥ 80 kg, dosages of nivolumab 
were different, but the waste was similar due the us-
ing of dose rounding in body weight-based strategy.
In the economic model of nivolumab expense data 
in a population of 1000 patients, hybrid strategy 
was the most cost-effective approach regardless 
wastage cost, saving € 2.409.917,83.
Although hybrid and body weight-based strategies 
were the most economic, they produced the largest 
amount of drug waste. However, the use of dose 
rounding and vial sharing minimized the drug left un-
utilized, thus drug waste could be considered close 
to zero. Therefore, hybrid strategy with cost minimi-
zation systems could save € 2.549.044,15 in 1000 pa-

included waste minimization system: drug day vial 
sharing and dose rounding. For flat dose strategy, 
the potential expenditure would be € 22.788.890,42, 
increasing the total spending by 4,6% compared to 
the real scenario (+ € 1.002.188,30). For body weight-
based dose, the potential expenditure would be € 
19.825.898,93, with a saving of 9% (- € 1.960.803,19) 
compared to the real scenario. For hybrid strategy, 
the potential expenditure would be € 19.237.657,97, 
with a saving of 11.7% (- € 2.549.044,15).
Consequently, hybrid strategy could reduce the 
amount of nivolumab consumed causing cost sav-
ings by about 3% compared to the weight-based 
strategy. According to the cost analysis, hybrid strat-
egy was the most cost-effective in every comparison.
If we hypothesize that, differently from our Hospi-
tal, all 1000 patients actually received the flat dose, 
the adoption of body-weight based strategy would 
allow a 13% saving (€ 2.962.991,49), and the adop-
tion of hybrid strategy would allow a 15.6% saving 
(€ 3.551.232,45).
We quantified the nivolumab waste and the cor-
responding cost during the observation period 
at Mauriziano Umberto I Hospital of Turin. Pro-
jecting these results into scenario population of 
1000 patients, the cost of waste corresponded to € 
121.641,82. The drug waste in the hybrid and body 
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Δ %
(VS REAL SCENARIO)

Δ N
(VS REAL SCENARIO)

NIVOLUMAB EXPENSE 
DATA IN 1000 PATIENTS

REAL SCENARIO - - € 21.786.702,12

FLAT DOSE STRATEGY + 4,6 + € 1.002.188,30 € 22.788.890,42

BODY WEIGHT-BASED 
STRATEGY - 9 - € 1.960.803,19 € 19.825.898,93

HYBRID STRATEGY - 11,7 - € 2.549.044,15 € 19.237.657,97

Table II. Nivolumab expense data.

Δ %
(VS REAL SCENARIO)

Δ N
(VS REAL SCENARIO)

NIVOLUMAB EXPENSE 
DATA + WASTE COST

IN 1000 PATIENTS

REAL SCENARIO - - € 21.908.343,94

FLAT DOSE STRATEGY + 4 % + € 876.333,76 € 22.784.677,70

BODY WEIGHT-BASED 
STRATEGY - 8,3 % - € 1.818.392,55 € 20.089.951,39

HYBRID STRATEGY - 11 % - € 2.409.917,83 € 19.498.426,11

Table III. Nivolumab expense data (without waste optimization).
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tients, confirming the aforementioned result (table 
II). Considering that the current price of nivolumab 
in Italy is € 7.69/mg, the total amount saved with the 
hybrid strategy could allow purchasing 331.475,18 
mg of additional drug. Considering the median ad-
ministration dose reported in our analysis at Um-
berto I Hospital, this amount of nivolumab could 
cover 1423 additional cycles (table IV).
A further reduction in the price of nivolumab would 
not change the results of our study. Assuming the hy-
pothesis of a 30% price reduction of nivolumab from 
€ 7,69 to € 5,39 per mg (scenario I, table V), the re-
sults would not differ from the baseline analysis. Con-
sidering an expense data of € 15.270.523,33 for real 
scenario, hybrid strategy could save € 1.771.380,71, 
which was about 3% less than the expense with the 
body weight-based dose.  In the scenario II (€ 3,77 per 
mg of nivolumab), flat dose strategy was the most ex-
pensive one and the other two strategies were more 
advantageous with few differences (table V). Thus, 
we can assume that the results observed in our anal-
ysis are valid and stable even if the price of nivolumab 
changes. Hybrid strategy was the most-cost effective 
in every alternative scenario of sensitivity analysis, 
giving robust and reproducible finding.

The second sensitivity analysis evaluated the var-
iability of patients’ body weight. We hypothesized 
a reduction of 5% of patient’s weight in scenario 
III and an increase of 5% in scenario IV (table VI). 
In both scenarios III and IV, hybrid strategy was 
the most convenient. For instance, it reduced the 
spending of 8,9% in scenario III, which correspond-
ed to a saving of € 1.957.225,94 in 1000 patients. In 
flat-dose strategy, the total cost did not change be-
cause the amount of drug administered did not de-
pend on body weight. These data were consistent 
with the results of our analysis, showing also an in-
crease in savings with lower patients’ body weight.
Therefore, the results of our study are robust 
even when the nivolumab price and patient’s body 
weight change, and the hybrid strategy is con-
firmed the most cost-effective.

DISCUSSION
According to our analysis, the highest savings us-
ing different nivolumab schedules can be achieved 
with the hybrid strategy, and secondly with the body 
weight-based strategy. These approaches could allow 

HYBRID STRATEGY SAVING 
IN 1000 PATIENTS

CURRENT PRICE 
OF NIVOLUMAB ADDITIONAL DRUG ADDITIONAL CYCLES

€ 2.549.044,15 € 7.69/mg 331.475,18 mg 1423 cycles

Table IV. Additional amount and cycles of Nivolumab using the savings obtained with hybrid strategy.

€ 5,39/MG € 3,77 /MG

Δ %
(COMPARED 

TO REAL 
SCENARIO)

Δ N
(COMPARED TO 
REAL SCENARIO)

NIVOLUMAB 
EXPENSE DATA 
(SCENARIO I)

IN 1000 PATIENTS

Δ %
(COMPARED 

TO REAL 
SCENARIO)

Δ N
(COMPARED 

TO REAL 
SCENARIO)

NIVOLUMAB 
EXPENSE DATA 
(SCENARIO II)

IN 1000 
PATIENTS

REAL 
SCENARIO - - € 15.270.523,33 - - € 10.680.866,97

FLAT 
DOSE 

STRATEGY
+ 4,5 % + € 687.173,55 € 15.957.696,88 + 4,5 % + € 480.639,01 € 11.161.505,98

BODY 
WEIGHT-
BASED 

STRATEGY

- 9 % - € 1.374.347,10 € 13.896.176,23 - 9 % - € 961.278,03 € 9.719.588,94

HYBRID 
STRATEGY - 11,6 % - € 1.771.380,71 € 13.499.142,63 - 11,6 % - € 

1.238.980,57 € 9.441.886,40

Table V. Nivolumab expense data, with 2 different hypotheses of reduction in the drug price.
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an absolute reduction of required amount of drug 
(mg), and consequently an absolute reduction of costs 
compared to the real scenario. Our results showed a 
potentially remarkable cost saving in our centre dur-
ing the period examined. Nevertheless, our simula-
tions showed an absolute saving of € 2.549.044,15 per 
1000 patients (11,7% less than the cost of nivolumab 
in the real scenario) adopting a hypothetical hybrid 
strategy and an absolute saving of € 1.960.803,19 
(9,0% less than the real scenario) by the hypothetical 
use of a body weight-based dose strategy during the 
observation period. Whereby, the flat-dose strategy 
led to an increased cost. These findings are consistent 
with the results of the few studies available nowadays 
in literature about the impact of drug dosing on the 
costs in the immunotherapy setting (20-23). In particu-
lar, a pharmacoeconomic analysis conducted in the 
US in 2017 pointed out that the body weight-based 
strategy ensured a significant cost saving compared 
to flat-dose strategy, with similar safety and efficacy 
(24). In the European setting, a retrospective obser-
vation on small Italian population in 2019 came to 
the same conclusions (19). The results achieved are 
also supported by the inclusion of drug wastes into 
the calculations. We observed that even considering 
the costs of drug waste per each administration, the 
hybrid strategy remained the most cost-effective ap-
proach, with an absolute saving of € 2.409.917,83 per 
1000 patients (11,0% less than the real scenario).
Furthermore, our study showed that minimizing 
costs with drug day, vial sharing and dose rounding 
strategies allows a reduction of the drug waste and a 
further increase of the economic saving ensured by 

the hybrid strategy. These strategies minimized the 
drug left unutilized, thus drug waste could be consid-
ered close to zero. Our results corroborate the find-
ings of similar experiences of other centres (25-27). 
In particular, an Italian multicentre study published 
in 2018 highlighted that the costs of immunothera-
py treatments were inferior in the hospitals where 
a drug day strategy was been routinely applied (27).
Therefore, if we regard that hybrid strategy with cost 
minimization systems could save € 2.549.044,15 
per 1000 patients, considering the current price 
of nivolumab in Italy, we could purchase about 
331.475,18 mg of additional drug. These data are 
very meaningful, because, assuming this magnitude 
of costs saving and the mean dose administered in 
our center, we could have administered 1423 further 
cycles of nivolumab during the observed period.
Another strong point of the present analysis is the 
consistence of results, confirmed by the sensitivity 
analyses. The hybrid strategy was the most advanta-
geous approach regardless of patient’s body weight 
and decreasing in nivolumab price. This last issue 
could be a very probable eventuality for the com-
ing years, due the many therapeutic indications of 
nivolumab. These results were consistent in all the 
hypothesized scenarios, considering either gross 
costs and waste-adjusted costs, and even modifying 
all the variables included in sensitivity analyses. Con-
versely, flat-dose was reconfirmed the most disad-
vantageous even varying those parameters. There-
fore, the results are robust and the hybrid scenario is 
confirmed the most cost-effective. Definitely, the de-
creasing cost, waste-minimizing and sensitivity anal-

+ 5% OF BODY WEIGHT - 5% OF BODY WEIGHT

Δ %
(COMPARED 

TO REAL 
SCENARIO)

Δ N
(COMPARED TO 
REAL SCENARIO)

NIVOLUMAB 
EXPENSE DATA 
(SCENARIO III)

IN 1000 
PATIENTS

Δ %
(COMPARED 

TO REAL 
SCENARIO)

Δ N
(COMPARED TO 
REAL SCENARIO)

NIVOLUMAB 
EXPENSE DATA 
(SCENARIO IV)

IN 1000 
PATIENTS

REAL 
SCENARIO - - € 21.991.302,73 - - € 21.641.058,18

FLAT DOSE 
STRATEGY + 3,7 % + € 813.678,20 € 22.804.980,93 + 5,4 % + € 

1.168.617,14 € 22.809.675,32

BODY 
WEIGHT-
BASED 

STRATEGY

- 5 % - € 1.099.565,14 € 20.891.737,59 - 12,8 % - € 2.770.055,45 € 18.871.002,73

HYBRID 
STRATEGY - 8,9 % - € 1.957.225,94 € 20.034.076,78 -  14,8% - € 3.202.876,61 € 18.438.181,57

Table VI. Nivolumab expense data, with 2 different hypotheses of mean patients’ body weight.
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yses mentioned above strengthen the validity and 
robustness of the economic evaluations presented.
Nevertheless, the analysis has some weaknesses. The 
main limitation of the present study lies in the exigu-
ity of the sample size. We selected a small sample, 
that not necessarily is representative of larger pop-
ulations. Instead, only three cancer types were con-
sidered in the analyses of Mauriziano Umberto I Hos-
pital. This restriction leads to several consequences.
First of all, the small numerosity prevent us from 
drawing conclusions concerning safety and efficacy 
outcomes of the different schedules and strategies 
mentioned, and concerning a comparison between 
them. Nevertheless, the plenty of evidences regard-
ing this topic available in the literature partially obvi-
ate this issue: several trials have shown the compara-
ble efficacy and safety profile between the flat-dose 
and the body weight-based dose of nivolumab in 
advanced RCC, NSCLC and HNSCC (14, 15, 28). So, 
every consideration in our analysis rely on this as-
sumption. Moreover, it is critical to highlight that the 
present study was not designed with the purpose of 
investigate efficacy and safety outcomes.
Furthermore, because of the small sample size it is 
hard to evaluate appropriately a significant econom-
ic impact of these strategies in a large-scale. Howev-
er, a study conducted in the US in 2018 showed the 
efficacy of dose rounding strategy even in medical 
centres caring less than 100 patients per year (29). 
Therefore, despite these limitations, the economic 
savings observed could be considered significant.
Then, our evaluation did not include variations in 
the real cost of nivolumab for single Italian regions 
and single hospitals, beyond the official price, 
and did not include the whole spectrum of direct 
charges for the National health service (including 
the costs of clinical visit and follow-up, and the 
time for drug preparation and administration) and 
of indirect charges burdening on the patients (in-
cluding the travel costs and the economic implica-
tions of lost working days). A more complete and 
exhaustive analysis should include the evaluation 
of all these factors, but nonetheless this issue does 
not affect the validity of the results, because the 
number of visits is the same for the different dos-
es considered in the models, and the extra costs 
mentioned above can be considered relatively 
negligible when compared to nivolumab price.
Definitely, the present study shows impressive re-
sults, even if the analysis was restricted to few cancer 
types. These findings must impel us to explore these 
strategies in the widest possible setting. It is impor-

tant to emphasize that even if the validity of these re-
sults could be potentially extended to other Europe-
an healthcare systems, further analyses are required 
regarding to different contexts. Actually, there is a re-
markably huge variability between different health-
care systems in terms of economic factors: different 
treatment setting of day hospital or hospitalization 
regimen, different organization of the healthcare fa-
cilities, availability of different size of vials, different 
number of patients treated (30). By the way, there is 
a clear advantage in exploring the above-mentioned 
strategies in all the European healthcare systems.

CONCLUSIONS
The present study highlights the relevant econom-
ic savings potentially associated with the introduc-
tion of hybrid strategy in the setting of nivolumab 
therapy compared to the current standard flat-dose 
schedule. Furthermore, the study shows the re-
markable economic impact in terms of oncologic 
therapies cost reduction through the use of waste 
minimization policies, such as dose rounding and 
drug day strategies. The present analysis provides 
also a possible perspective of economic implications 
and impact of a similar strategy on a larger scale.
In a landscape of rising costs of health care and of 
new anti-cancer drug discovery, especially concern-
ing to future implementation of nivolumab and other 
immune-checkpoint inhibitors, it will be essential to 
identify and adopt strategies of costs minimization. 
In accordance with the results of the present analysis, 
the whole system would benefit if the hybrid strategy 
replaces the flat dose for all cancer patients in treat-
ment with nivolumab. Moreover, vial sharing and dose 
rounding should be implemented whenever possible.
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ABSTRACT 
Pharmacogenetics investigates the molecular basis 
of inter-individual differences in drug metabolism 
and response. Sequence variations in genes encod-
ing for metabolic enzymes may influence drug’s phar-
macokinetics and/or pharmacodynamics, resulting 
in reduced efficacy and/or adverse drug reactions. 
The dihydropyrimidine dehydrogenase (DPD) defi-
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ciency is a clear example of how gene variants may 
affect fluoropyrimidines metabolism, and its evalua-
tion has been recently recommended from regulato-
ry agencies for its implementations in clinical routine. 
This review provides a summary of pharmacogenetic 
research on DPD and fluoropyrimidines metabolism, 
and its involvement in adverse drug reactions. 
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INTRODUCTION
Fluoropyrimidines, including 5-fluorouracil (5-FU) 
and its prodrug capecitabine (1), are the backbone 
of chemotherapy regimens for treatment of solid 
tumors, such as breast (2), colorectal (3), head and 
neck (4), gastrointestinal (5) and pancreatic can-
cers (6). They can be used either alone or in combi-
nation with irinotecan, platin derivates, cyclophos-
phamide, epirubicin and monoclonal antibodies 
(e.g., cetuximab and bevacizumab) (7-10). 
Owing to the widespread use of these drugs, severe 
fluoropyrimidine-associated toxicity have been re-
ported, including gastrointestinal toxicity (stoma-
titis, nausea/vomiting, diarrhea), skin toxicity (pig-
mentary abnormalities, conjunctivitis, hand–foot 
syndrome [HFS], skin rashes and hair loss in severe 
cases), haematological toxicity (neutropenia, leuco-
penia, anemia), and cardiac toxicity (arrhythmias 
and cardiac ischemia) (11). Neurologic abnormali-
ties (cerebellar ataxia and changes in cognitive func-
tion) have also been reported in less than 1% of the 
population (11, 12). These toxicities may be the re-
sponsible of delays in drug administration or even 
treatment discontinuation, compromising its thera-
peutic benefit. Of note, capecitabine seems to dis-
play a different profile of toxicity compared to 5-FU, 
being characterized by a better tolerability, but high-
er incidence of HFS (13). Its oral administration has 
some advantages, particularly in patient’s quality of 
life, and for this reason its use is becoming more dif-
fuse in USA and Europe (14). Despite this, a number 
of patients develop severe, life-threatening toxicity 
due to fluoropyrimidine-related adverse events. It is 
well known that dihydropyrimidine dehydrogenase 

(DPD) deficiency is at the basis of this toxicity (15), 
therefore, over the past years a growing number 
of research addressed the clinical effects of genet-
ic variants in the DPD gene (DPYD), claiming their 
screening as pre-emptive strategy in patients can-
didate to fluoropyrimidines treatment. This review 
provides a summary of pharmacogenetic research 
on DPD and fluoropyrimidines metabolism and its 
involvement in adverse drug reactions, including 
relevant information about clinical implementation 
of DPD testing.

Fluoropyrimidines: metabolism and 
mechanism of action
Over 80% of 5-FU is transformed to inactive me-
tabolites into the liver, and about 5%  is the respon-
sible for the therapeutic effect (16). The DPD en-
zyme catabolizes the first step of 5-FU metabolism, 
transforming the drug into the dihydrofuorouracil 
(5-FDHU) metabolite. The 5-FDHU is converted to 
fluoro-β-alanine (FBAL) by two additional enzymes, 
the dihydropyrimidinease (DPYS) and the beta-urei-
dopropionase (UPB1) (17), to be lastly excreted by 
the kidneys. The remaining 5-FU is converted direct-
ly or indirectly into fluorouridine monophosphate 
(FUMP). The phosphorylation of FUMP leads to the 
formation of FUTP or FdUDP, which is subsequently 
phosphorylated or dephosphorylated into the active 
metabolites FdUTP and FdUMP, respectively. FdUMP 
inhibits the thymidylate synthase (TS), leading to the 
inhibition of DNA replication (18) (figure 1). 
Fluoropyrimidines, by acting as analogues of ura-
cil, are able to interfere with the DNA synthesis at 

Vol. 1(1), 72-85, 2021

IMPACT STATEMENT
Dihydropyrimidine dehydrogenase (DPD) is the ma-
jor responsible for fluoropyrimidines metabolism 
and its deficiency may led to life-threatening tox-
icities. Although the frequency of DPD deleterious 
variants is low, their screening is clinically relevant 
to avoid severe toxicities or death in patients treat-
ed with fluoropyrimidine-based chemotherapy. 
While for the most studied variants the dose reduc-
tion to apply is already well know, future researches 
are necessary to understand the role of other DPD 
mutations, including the c.2194G > A variant, for 
which interest data have been recently published.
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different levels: 1) the antifolate 5-fluorodeoxyuri-
dine monophosphate (5-FdUMP) covalently binds 
and inhibits TS, leading to a reduction of thymidine 
synthesis and of the DNA molecule; 2) the 5-fluo-
rodeoxyuridine triphosphate (5-FdUTP) metabolite 
can be directly incorporated into genomic DNA 
causing damage; 3) the 5-fluorouridine triphos-

Vol. 1(1), 72-85, 2021

phate (5-FUTP) can be directly incorporated into 
genomic RNA causing damage (19).

DPYD variants conferring high risk for 
fluoropyrimidines toxicity
There is a link between a DPD deficiency and the 
occurrence of severe or life-threatening toxicity 

5-FU

DPD

5-FDHU

DHP

UPB

FBAL

Metabolism of 5-fluorouracil (5-FU)

RNA incorporation DNA incorporation 

TS

dUMPdTMP

Inhibition of DNA 
synthesis and repair

5-FU inactivation

5-FUDR
5-FUMP

5-FUDP

5-FUTP

5-FdUMP

5-FdUDP

5-FdUTP

Figure 1. Metabolic pathway of 5-fluorouracil (5-FU).
DPD, dihydropyrimidine dehydrogenase; 5-FDHU, dihydrofuorouracil; DHP,dihydropyrimidinease; UPB beta-ureidopropionase; F-b-AL, fluoro-b-alanine, 
FdUDP, fluorodeoxyuridine diphosphate; FdUMP, fluorodeoxyuridine monophosphate; FdUTP, fluorodeoxyuridine triphosphate; FUDP, fluorouridine 
diphosphate; FUDR, fluorodeoxyuridine; FUMP, fluoro-b-ureidopropionate; FUTP, fluorouridine triphosphate; TS, thymidylate synthase; dTMP, deoxythymidine 
monophosphate; dUMP, deoxyuridine monophosphate. 

DPYD (c.1236GG or IVS14+1GG 
or c.1679TT or c.2846AA)

DPYD (c.1236GA or IVS14+1GA or 
c.1679TG or c.2846AT)

DPYD (c.1236AA or IVS14+1AA 
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Figure 2. a. Schematic overview of fluoropyrimidine metabolisms and treatment related-toxicity in patients carrying wild-type; b. 
heterozygous or c. homozygous clinically relevant variants for DPYD gene.
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due to fluoropyrimidines treatment. Patients with 
a significant DPD deficiency, receiving standard 
dose of fluoropyrimidine result in overexposure 
of 5-FU, with development of severe haematolog-
ical and gastrointestinal toxicities (20) (figure 2). In 
these cases, the toxicity often occurs early after the 
first cycles of chemotherapy and it is characterized 
by grade 4 (WHO) symptoms and potentially death. 
High-grade of diarrhoea, mucositis and neutrope-
nia are the most frequent reported side effects (21). 
DPD enzyme is encoded by the DPYD gene (22), 
which is located on the human chromosomal re-
gion 1p22, and is composed of 23 exons, spanning 
950 Kbs (23). Over 90 among single nucleotide 
polymorphisms (SNPs) and mutations, including 
also deletion/insertion, have been described in the 
DPYD gene, with relevant functional consequences 
on enzymatic activity for some of them (20). The 
most clinically relevant DPYD variants reported with 
statistically significant association with severe toxic-
ity include: c.1236G > A (E412E; rs56038477, haplo-
type B3), DPYD*13 (rs55886062, c.1679T > G, I560S), 
DPYD*2A (rs3918290, c.1905 + 1G > A, IVS14 + 1G 
> A), c.2846A > T (rs67376798, D949V) (24-26). Of 
these variants, DPYD*13, DPYD*2A and c.2846A > 
T have the most deleterious impact on DPD activity, 
whereas c.1236G > A results in moderate reduction 
of DPD activity and consequent toxicity (26, 27). 
The frequency of reduced DPD activity in the 
healthy population is estimated between 3-5% (28, 
29). Indeed, a significant variability between ethnic 
subgroups was observed, and data obtained from 
phenotype and genotype analyses showed that 
Asian (30-32), African (33), and Caucasian (34) pop-
ulation present DPD deficiency at variable rates. 
DPYD*2A is the most studied mutation of the DPYD 
gene. It is associated with a significantly reduced 
enzyme activity of 50% in heterozygous patients, 
and a complete deficiency of enzyme activity in 
homozygous subjects, causing a life-threatening 
toxicity due to 5-FU accumulation (35). This splice 
site mutation in intron 14 changes the invariant 
junction donor site from G to A. As a result, a dele-
tion of the entire exon 14 occurs and the truncated 
protein is catalytically inactive (36).  Allele frequen-
cies of DPYD*2A have been described to differ 
between ~ 0.1 and 1.0% in African-American and 
Caucasian population, respectively (37-39). Simi-
larly, DPYD *13 and c.2846A > T substitution have 
been reported to be associated with partial or total 
loss enzyme activity, in heterozygous or homozy-
gous patients, respectively (24, 34, 40). DPYD*13 is 

characterised by an Ile560Ser amino acid change 
in the DPD binding domain, which lead to the dest-
abilization of the protein (22, 41). In vitro study by 
Offer et al. showed that the homozygous expres-
sion of this variant resulted in a 75% reduction in 
enzyme activity respect to the wild-type (36). Allele 
frequencies of DPYD*13 were found to vary from 
0.07 to 0.2% in the Caucasian population (38, 42). 
DPYD c.2846A > T results in an Asp949Val amino 
acid change localized near an iron-sulfur motif 
(41). Homozygous expression of the c.2846A > T 
variant results in 59% of activity compared to wild-
type (37). Reported allele frequencies of c.2846A > 
T vary from 0.1 to 1.1% in African-Americans and 
Caucasians, respectively (34, 37, 38, 42). The syn-
onymous variant c.1236G > A occurs in exon 11 
and it is in complete linkage with haplotype B3 var-
iants (c.483 + 18G > A, c.680 + 139G > A, c.959-51T 
> G and c.1129-5923C > G), resulting in a partial 
non-functional transcript, ranging from 44 to 50% 
of DPD activity for homozygous carriers (43, 44). 
The frequency of heterozygous patients in Cau-
casian population was reported to vary between 
2.6 and 6.3% (44-47). Recently, a new variant, the 
DPYD*6 (rs1801160, c.2194G > A, p.V732I), has 
been associated with 5-FU related toxicity (27). 
Allele frequencies of DPYD*6 was found to vary 
from 1 to 7% in Caucasians, Asians and African 
Americans population (22, 48-50). However, con-
flicting results concerning the reduction of enzyme 
activity of this DPD variant have been published 
(36, 51, 52). Several studies published in literature 
highlighted the correlation between 5-FU toxicities 
and the above reported DPD variants (24, 38, 40, 
53-57). A comprehensive pharmacogenetic analy-
sis on 5-FU toxicity was conducted by Rosmarin et 
al. in 927 colorectal cancer patients enrolled in the 
QUASAR2 trial (55). The authors tested candidate 
polymorphisms for their associations with capecit-
abine-dependent toxicity, including diarrhea, nau-
sea/vomiting, stomatitis, neutropenia, thrombocy-
topenia, and HFS. DPYD c.2846T > A and DPYD*2A 
mutations were associated with capecitabine-re-
lated overall (≥  grade 3) toxicity with a significant 
odds ratio of 5.51 (p = 0.0013) (55). Similarly, a me-
ta-analysis by Terrazzino et al. highlighted a strong 
correlation between DPYD*2A and c.2846A > T 
variants and the development of high-grade tox-
icities (odds ratio 5.42, p < 0.001) (40), confirming 
the clinical validity of these SNPs as risk factors of 
5-FU-related toxicities. A recent meta-analysis in-
volving 7365 cancer patients with severe toxicity 
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related to 5-FU treatment (fluorouracil, capecit-
abine, or tegafur-uracil as single agents, in com-
bination with other anticancer drugs or radio-
therapy) showed that DPYD*13 and c.1236G > A/
HapB3 DPYD variants, in addition to DPYD*2A, and 
c.2846A > T, were independent predictors of se-
vere gastrointestinal and haematological fluoropy-
rimidine-associated toxicity (24). Patients carrying 
the DPYD*2A, c.1236G > A/HapB3, DPYD*13 and 
c.2846A > T had a relative risk for toxicity of 2.9 
(95%CI: 1.8–4.6), 1.6 (95%CI: 1.3–2.0), 4.4 (95%CI: 
2.1–9.3) and 3.0 (95%CI: 2.2–4.1), respectively (24).
In contrast, in a study conducted on 603 cancer 
patients treated with fluoropyrimidine-based 
chemotherapy as neo-adjuvant/adjuvant or as 
first-line setting, retrospectively tested for 8 DPYD 
polymorphisms (c.496A > G, *2A, *4, *5, *6, *13, 
c.1896 T > C, c.2846A > T), showed that the associa-
tion between DPYD*13 variant and severe toxicity 
was not statistically significant, probably because 
of the low frequency of the mutation (0.3%) (58).  
However, the study found DPYD*2A and c.2846A > 
T significantly associated to grade ≥ 3 toxicity (p = 
0.003, p = 0.048), including neutropenia, diarrhea, 
leukopenia, stomatitis and nausea/vomiting (58). 
The retrospective DPYD analysis of the pharma-
cogenetic study of the TOSCA trial, evaluated 10 
DPYD variants for their associations with high-
grade fluoropyrimidine-related adverse events in 
colorectal cancer patients, undergoing adjuvant 
fluoropyrimidine/oxaliplatin combination chemo-
therapy. The time-to-toxicity analysis highlight-
ed the contribution of the DPYD*6 (rs1801160, 
c.2194G > A) variant to 5-FU toxicities, in particular, 
neutropenia (59). Similarly, in a secondary analy-
sis of the PETACC-8 trial, the DPYD*6 was signifi-
cantly associated with high-grade adverse events 
(60). Recently, also evaluated the role of 8 DPYD 
variants (c.496A > G, c.1236G > A/HapB3, c.1601G 
> A, c.1627A > G, DPYD*13, c.1896T > C, DPYD*2A, 
DPYD*6, c.2846A > T) in a cohort of 1254 patients, 
treated with fluoropyrimidine-containing regi-
mens. A significant association between DPYD*6 
variant, in addition to DPYD*2A and c.2846A > T, 
with gastrointestinal and hematological toxicities 
was found. Moreover, the study compared the 
DPYD variants found in the cohort of 982 patients 
with toxicity, to a control group of 272 patients re-
ceiving standard doses of fluoropyrimidine-based 
therapies, who had no dose reduction, delay or 
discontinuation of therapy due to toxicity. The 
association between the most frequent DPYD 

polymorphisms c.496A > G, c.1601G > A, c.1627A 
> G, c.1896T > C and toxicity was not statistically 
significant, since those SNPs were also found in 
the control group (27). However, several studies 
highlighted the importance of other DPYD vari-
ants, including DPYD*9A, *3, and *4. DPYD*9A 
(rs1801265, c.85T > C) results in a Cys29Arg con-
version in the crystal structure of the protein. Con-
troversial results have been reported concerning 
the effect of this variant (61-64), as well as differ-
ent effects in individuals of different ethnic back-
ground have been described. A study on Asian pa-
tients receiving fluorouracil-based chemotherapy, 
showed an association of the variant allele with 
treatment-related toxicity (65), however a reduced 
DPD activity was not observed when DPD activity 
was measured in blood samples (50). Indeed, stud-
ies in Caucasian patients did not find any effect of 
this variant on 5-FU clearance and toxicity (61, 66, 
67). The DPYD*3 variant was reported at very low 
frequency (68), and has not been identified in any 
of the key studies of fluoropyrimidine toxicity or 
population studies (33, 48, 50, 69). The DPYD*4 
(c.1601G > A, p.Ser534Asn) variant has been found 
at low frequencies of < 2% in Caucasians, Asians 
and African Americans (22, 48, 50). Controversial 
results have been published for this variant phe-
notype, with no correlation with DPD activity (48) 
or with case series where the variant was associat-
ed with severe fluorouracil-related toxicity (61, 70). 
Additional polymorphisms have been described 
in non-Caucasian population.  Among African and 
American individuals, the common variant c.557A 
> G (rs115232898, p.Y186C) has been identified as 
a potential risk factor for 5-FU-related toxicity (71). 
DPYD*5 (rs1801159, c.1627A > G, p.Ile543Val) var-
iant, located in exon 13, is reported in the Asian 
population with the highest frequency rate (72). 
Researches identified DPYD*5 and DPYD*9A, to-
gether with DPYD*2A as the common frequent 
SNPs in the Chinese population (73, 74).  Several 
other variants have been frequently associated 
with fluoropyrimidine toxicities, including, c.257C 
> T, c.496A > G (p.M166V), c.680G > A, c.1801G > C, 
c.1850C > T, c.1896T > C, and c.2509-2510insC (21, 
75-78). Falvella et al. investigated the association 
between DPYD variants c.496A > G, c.1129-5923C > 
G, c.1896T > C and capecitabine-related toxicity in 
64 metastatic colorectal cancer patients enrolled 
in phase II trials, showing a significant association 
between DPYD c.496A > G and high grade (> 3) ad-
verse events, including diarrhoea and neutropenia 
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(79). However, no association between c.1129-
5923C > G and toxicity was found. Accordingly, the 
multivariate analysis reported by Lee et al., failed 
to show a significant association of this DPYD vari-
ant with 5-FU related toxicity, suggesting a limited 
predictive value for severe toxicity to 5-FU-based 
chemotherapy (80). Similarly, Zhang et al. inves-
tigated the association between 4 DPYD SNPs 
(c.496A > G, c.1627A > G, c.2194G > A, c.*274T > C) 
and clinical outcomes of 362 Chinese gastric cancer 
patients treated with fluorouracil-based adjuvant 
chemotherapy. The authors found a significant 
association between c.1627A > G and clinical out-
come after 5-FU-based regimens. However, no as-
sociation between the occurrence of toxicities and 
the evaluated SNPs was found (81). Several stud-
ies identified novel rare DPYD variants associated 
with fluoropyrimidine toxicity (75, 77, 82-85). Three 
novel DPYD variants (c.2509-2510insC, c.1801G > 
C, and c.680G > A), together with other known se-
quence variants, were detected in patients experi-
encing unexpected life-threatening toxicities after 
treatment with 5-FU or capecitabine. The non-syn-
onymous nature of these variants result in a con-
formational changes of the enzyme affecting DPD 
activity (76). Similarly, a treatment-related death 
case regarding a breast cancer patient treated 
with capecitabine and trastuzumab was reported 
(75). Four DPYD variants after sequencing analy-
sis were identified: the above-mentioned c.496A > 
G and c.2194G > A, c.257C > T, causing deficient 
enzyme activity, and the c.1805C > T, leading to 
threonine-methionine amino acid change asso-
ciated with reduced DPD activity (75). This report 
highlighted the dangerous effect of the combina-
tion of new DPYD variants as a possible cause of 
death in a patient treated with fluoropyrimidines. 
Likewise, van Kuilenburg et al. showed the effect 
of 2 DPYD variants (c.61C > T and *2A), located 
on different alleles, as responsible of lethal toxic-
ity after the administration of 5-FU. The 2 DPYD 
mutations, presented in heterozygous manner, 
caused a complete deficiency of enzyme activity 
(86). Recently, Ly et al. reported a case of a pa-
tient with a rare variant of unknown significance in 
DPYD (rs755416212, c.704G.A, p.R235Q) who had 
a life-threatening toxicity capecitabine-related. An 
in silico tool (DPYD-Varifier (87)) confirmed the del-
eterious impact on the enzyme activity, and in vitro 
analysis confirmed the significantly reduced DPD 
activity by 88% compared to the wild-type DPD 
(88). Interestingly, the effect of the DPYD p.R235Q 

variant was similar to the p.R235W (37), previously 
detected in a patient with DPD deficiency (62), and 
CPIC’s guidelines for DPYD genotype-guided dos-
ing incorporated this variant as a non-functional 
allele (26). DPYD-Varifier was also used by Shrest-
ha et al. to predict the deleterious impact of DPYD 
c.394A > G (p.T132A) variant, discovered in a rec-
tal cancer patient who experienced severe FU-as-
sociated toxicity during neoadjuvant therapy with 
capecitabine. In vitro and ex vivo approaches have 
been used to validate the deleterious function of 
this new variant. Based on these results the au-
thors determined an activity score for the patient 
that was used to calculate a safe adjusted dose 
of FU for adjuvant therapy (83).  Nevertheless, no 
confirmatory studies have been reported and their 
association with toxicity remains unclear. 

Different approaches for DPD screening
DPD deficiency can be tested out by using different 
techniques, including the phenotype test (direct or 
indirect measurement of enzymatic activity) or by 
genotype testing (searching for the main functional 
polymorphisms of the DPYD gene). The phenotypic 
approach evaluates the activity of the enzyme (89). 
Several DPD activity measurement have been test-
ed, including dosage in peripheral mononuclear 
blood cells (28, 90), and dosage by physiological ra-
tio dihydrouracil/uracil (UH2/U) in plasma, serum, 
saliva, or urine (66, 91-94).  Nevertheless, the appli-
cation of these methods in clinical practice is com-
plex, due to the special technical equipment and 
expertise required (95, 96). Indeed, DPD activity in 
peripheral blood mononuclear cells (PBMCs) may 
be influenced by several factors, including sam-
pling and storage and cell heterogeneity (97).
Conversely, the genotyping approach is more reli-
able, fast and there are fewer factors that can in-
fluence the result. The advantages of a genotyping 
test include that only a small blood sample is re-
quired for DNA extraction, and particular precau-
tions (such as storage condition) are not necessary. 
The detection of DPYD genetic variants may be car-
ried out by multiple technologies, usually available 
in laboratories involved in molecular analysis, such 
as Sanger Sequencing, Real Time PCR, Pyrose-
quencing, High Resolution Melting PCR. 
Several reports comparing the phenotyping and 
genotyping approach to predict DPD deficiency, 
reported conflicting results (89, 98-101). Coenen et 
al. provided an overview of 8 years of DPD testing 
in a single center (99), by using different methods, 
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based on DPYD genotype (50% for *2A or *13, 25% 
for c.2846A > T or c.1236G > A), improving patient 
safety with fluoropyrimidine treatment, and sug-
gesting its genetic test implementation in routine 
clinical practice. As a result, the relative risk for 
severe fluoropyrimidine-related toxicity was low-
er in the cohort with the genotype-guided dosage 
compared to the historical cohort with no geno-
type-guided dosing. The authors also demonstrat-
ed a higher fluoropyrimidine-related severe toxici-
ty in those patients carrying DPYD variants, than in 
wild-type patients (39% vs. 23%, p = 0.0013) (25). A 
small retrospective study successfully reported the 
implementation of routine pre-treatment DPYD ge-
netic testing in patients with metastatic breast can-
cer treated with capecitabine (104). Seventy-two 
patients were eligible for capecitabine therapy and 
were tested for 4 DPYD genetic variants (DPYD*2A, 
DPYD*4, DPYD*13, c.2846A > T), based on their fre-
quency in the British population, resulting associat-
ed with severe capecitabine-related toxicities. Five 
(8.4%) patients were found to carry a DPYD variant 
(*2A, *4 or c.2846A > T) associated with reduced 
DPD activity; of these, two received a 50% dose-re-
duction of capecitabine during their first cycle of 
treatment with no complications (104). A cohort of 
patients treated with fluoropyrimidine were tested 
for DPYD variants (DPYD*2A, DPYD*13, c.2846A > 
T, c.1236G > A) as part of routine practice. Two hun-
dred and seventy-three (89.6%) out of 314 patients 
had a pre-treatment DPYD test result. Fourteen pa-
tients (5.1%) carried one or more DPYD gene vari-
ant and an initial dose reduction was recommend-
ed based on their genotype. None of these patients 
experienced severe toxicity (grade ≥ 3) (105).
The above-mentioned systematic meta-analyses 
(24, 40, 55) led researchers to evaluate the effec-
tive role of DPYD variants and their possibility to be 
screened as pre-treatment test in clinical routine. 
The Royal Dutch Association for the Advancement 
of Pharmacy’s ‘Pharmacogenetics Working Group’ 
published a guideline supporting fluoropyrimi-
dine-dose reduction for 14 DPYD variants (106). This 
guideline has been updated in a recent expert con-
sensus guideline, by the Clinical Pharmacogenomics 
Implementation Consortium (CPIC), which reduced 
the number of variants to only those with robust 
supporting data (26). Accordingly, the Group of Clin-
ical Pharmacology in Oncology (GPCO)-UNICANCER 
and the French Network of Pharmacogenetics (RN-
PGx) (107), the German Society for Haematology 
and Medical Oncology (108), the Italian Association 

including radiochemical and non-radiochemical 
assay by ultra HPLC-MS in PBMCs with uracil, and 
a combined enzymatic and genetic test by Sanger 
sequence analysis of 4 DPYD variants. The analysis 
showed that 18% of patients with a genetic variant 
had decreased enzyme activity (p < 0.001), suggest-
ing a combination of the genetic and the enzymatic 
test for diagnostic use. Similarly, Pallet et al., com-
paring the phenotype and genotype in a prethera-
peutic screening of DPD deficiency, observed that 
the use of UH2/U might better reflect the impact of 
genetic variants on DPD activity (101). A multicenter 
prospective cohort study assessed the clinical ben-
efit of pretherapeutic screening for DPD deficiency 
using a multiparametric approach by the calcula-
tor 5-FUODPM Tox™ (89, 102). The pre-therapeu-
tic DPD assessment reduced the incidence of early 
severe toxicities associated with 5-FU, and avoid-
ed early toxic death (100). Accordingly, Capitain et 
al. showed a comparison of 4 screening methods 
(genotyping, phenotyping via plasma U and plasma 
UH2/U, and a multi-parametric approach) for de-
tecting 5-FU toxicity risk in 472 cancer patients. A 
lower false negative rate (4.7%) resulted from the 
multi-parametric methods (p < 0.001), compared to 
genotype (59,8%) and phenotype (36.1% and 21.3% 
for U and UH2/U, respectively), resulting as the most 
effective method for limiting G4-5 toxicity. Recently, 
Etienne-Grimaldi et al. showed that the combined 
phenotyping and genotyping approach increased 
sensitivity to both grade 3-4 toxicity (16.7% for gen-
otyping versus 20.8% for the combined approach) 
and grade 4 toxicity (20% for genotyping versus 
66.7% for the combined approach) (100).

Pre-treatment DPYD genotyping and clinical 
implementations
DPYD genotyping pre-treatment screening, and a 
dose reduction in patients carrying a deleterious 
variant, is a useful strategy to prevent severe and 
potentially lethal fluoropyrimidine-related toxic-
ity, without diminishing the treatment efficacy. 
A reduced fluoropyrimidine dose of 50% in DPY-
D*2A carriers is the necessary strategy to prevent 
the risk of severe toxicity, as reported by Deenen 
et al. (103). Infact, fluoropyrimidine-induced mor-
tality rate is reported as reduced from 10% to 0% 
by genotype-guided dose assessment (103). In a 
prospective, multicentre, safety analysis, 1.103 pa-
tients were screened for 4 different DPYD variants 
(DPYD*2A, DPYD*13, c.2846A > T, c.1236G > A), 
with a genotype-guided dose reduction of 25-50% 
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of Medical Oncology and the Italian Society of Phar-
macology (AIOM-SIF working group) (109), and the 
Dutch Pharmacogenetics Working Group (DPWG) 

DPYD-GENOTYPING 
GUIDELINES DPYD GENOTYPE 5-FU DOSE-REDUCTION 

SUGGESTED

CLINICAL PHARMACOGENOMICS 
IMPLEMENTATION 
CONSORTIUM (CPIC)

Two normal function alleles (*1/*1) 0%

One normal function allele plus one no 
function allele or one decreased function 
allele (*1/2A; *1/13, *1/c.2846A > T, 
*1/c.1236G > A) or two decreased function 
allele (c.2846A > T/ c.2846A > T, c.1236G > 
A/ c.1236G > A)

25-50%

Two decreased function alleles (*2A/*2A, 
*13/13) or one no function allele plus one 
decreased function allele (*2A/c.1236G > A, 
*2A/ c.2846A > T)

100%

GROUP OF CLINICAL 
PHARMACOLOGY IN 
ONCOLOGY (GPCO)-
UNICANCER AND THE 
FRENCH NETWORK OF 
PHARMACOGENETICS 
(RNPGX)

Two normal function alleles (*1/*1) 0%

One normal function allele plus one 
decreased function allele (*1/c.1236G > A or 
*1/c.2846A > T)

25-50%

One normal function allele plus one no 
function allele (*1/*2A or *1/*13) 50%

Two decreased function allele (*1/c.1236G 
> A and *1/c.2846A > T) or one reduced 
function allele plus one no function allele 
(combination of c.1236G > A or *1/c.2846A 
> T with *2A or *13, c.2846A > T)

Strongly reduced initial doses with 
drug monitoring

Two no function alleles (*2A/*2A, *13/*13) 100%

ITALIAN ASSOCIATION OF 
MEDICAL ONCOLOGY AND 
THE ITALIAN SOCIETY OF 
PHARMACOLOGY (AIOM-SIF 
WORKING GROUP)

Two normal function alleles (*1/*1) 0%

One normal function allele plus one 
decreased function allele 
(*1/c.1236G > A)

Patients who developed toxicity carrying 
*1/c.2194G > A alleles

25%

15%

One normal function allele plus one no 
function allele
 (*1/*2A, *1/*13 or *1/c.2846A > T)

50%

Two decreased function alleles  
(c.1236G > A) 50%

Two no function alleles 
(*2A/*2A, *13/*13, c.2846A > T)

100%

Patients who developed toxicity carrying 
two decreased function alleles (c.2194G > A) 30%

DUTCH PHARMACOGENETICS 
WORKING GROUP (DPWG)

Two normal function alleles (*1/*1) 0%

One normal function allele plus one 
decreased function allele  
(*1/c.1236G > A or *1/c.2846A > T) 

25%

One normal function allele plus one no 
function allele (*1/*2A or *1/*13) 50%

Two decreased function alleles  
(*2A/*2A, *13/*13) 100%

Table I. DPYD-genotyping guidelines.

(110) published national recommendations or con-
sensus papers for DPYD screening (table I).  Recent-
ly, the European Medicines Agency (EMA) published 
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a recommendation on DPD testing for patients prior 
to treatment with fluorouracil, capecitabine, tegafur 
(111), highlighting the importance of DPYD screen-
ing. Interestingly, a practitioner-friendly guide for 
clinicians to decide about DPYD genotyping testing 
prior to starting fluoropyrimidine-based chemo-
therapy has been published (112). 

CONCLUSIONS 
DPD-deficiency is an important leading cause of 
fluoropyrimidine-associated severe toxicity. Be-
cause of the extensive use of these anticancer 
agents, and the availability of feasible genotyping 
methods (i.e., SNP genotyping by Real Time), the 
application of DPD variants screening has become 
easily accessible for clinical laboratories. To date, 
several consensuses have been published concern-
ing the clinical application of DPD screening in the 
population of patients candidates to fluoropyrimi-
dine therapy, since patients carrying the deleterious 
DPYD*2A, DPYD*13 and c.2846T > C variant alleles 
display severe toxicities, which may be life-threat-
ening in homozygous subjects. Although their fre-
quencies are low, the screening for DPD variants is 
clinically relevant to avoid severe toxicities or death 

in patients treated with fluoropyrimidine-based 
chemotherapy. Future studies are necessary to 
highlight the correlation with toxicity of other DPYD 
SNPs, including the c.2194G > A variant, for which 
interesting data have been recently reported. 
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ABSTRACT 
Various treatments have been considered as the 
cornerstone for the management of patients with 
metastatic renal cell carcinoma (mRCC) over the 
past two decades. Currently, immunotherapy is a 
promising clue in the landscape of frontline treat-
ment of mRCC. Immune checkpoint inhibitors 
(ICIs), which constitute a standard therapy in pre-
treated mRCC patients, are emerging as possible 
earlier treatment’s strategy in mRCC. Otherwise, 
antiangiogenetics are well established as a back-
bone therapy for mRCC, and research is now fo-
cused on development of innovative tyrosine ki-
nase inhibitors (TKIs). Frontline combination with 
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ICIs as well as strategies including both TKIs and 
immunotherapy demonstrated to significantly 
improve outcomes compared to single-agent an-
tiangiogenetics. Nonetheless, a considerable pro-
portion of patients shows primary resistance to 
ICIs and new approaches are currently emerging 
to resolve this important unmet need. Morover, 
several treatment strategies combining different 
mechanisms of action or targeting immune escape 
pathways are rising with the objective of improv-
ing response rates and patient’s outcomes. This 
review summarizes current immunotherapeutic 
agents approved for mRCC.
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INTRODUCTION
Kidney cancer has peculiar features that make it 
attractive for immunotherapeutic approaches: 
chemoresistance and immunogenicity (1). Angio-
genesis and immunosuppression play a relevant 
role in metastatic renal cell carcinoma (mRCC) car-
cinogenesis. Over the last two decades, different 
therapies including angiogenesis inhibitor mono-
clonal antibodies, multitarget molecules such as 
vascular endothelial growth factor receptor (VEG-
FR) inhibitors, and other tyrosine kinase inhibitors 
(TKIs), as well mammalian target of rapamycin 
(mTOR) inhibitors, have been considered the back-
bone for the treatment of mRCC (2-7). On the other 
hand, a new therapeutic approach has opened up 
in the frontline setting of treatment with immuno-
therapy (8, 9). 
Immune checkpoint inhibitors (ICI’s) already rep-
resent a well know treatment option in pretreated 
mRCC patients, and combination immunotherapy 
as well as combinations of immunotherapy with 
targeted agents shown to significantly improve 
the outcomes of treatment-naïve mRCC patients 
(10-16). In mRCC, immunotherapy enhances adap-
tive immunity, granting the possibility for the im-
mune system to recognize tumor antigens and 
to kill malignant cells (17). Activation of adaptive 
immunity against neoplastic antigens involves dif-
ferent receptors present on both malignant cells 
and immune cells, with inhibition or activation of 
signals (17). The tangled biological pathway un-
derlying the role of anticancer immunity and its 
manipulation with therapies is not yet fully estab-
lished. The immune compartment mainly includes 
T cells, natural-killer (NK) cells, B cells, macrophag-
es and dendritic cells with complex interactions.  
T-cells are probably the major factor for both cel-
lular and humoral immunological control of tu-
mor growth.  CD8+ T- cells are the main effectors 
of the anti-tumor immune response, recognizing 
antigens expressed by malignant cells and, once 
activated, killing neoplastic cells (18). CD4+ T-cells 
help in generating an immune response by stim-
ulating CD8+ T-cells, macrophages and B-lympho-
cytes. The activation of effector and memory CD8+ 
T-cells occurs by the interaction with antigen-pre-
senting cells (APC) via the T-cell receptor (TCR) and 
major histocompatibility complex (MHC)/peptide 
antigen (19). The most known ICIs are the cyto-
toxic T-lymphocyte-associated antigen 4 (CTLA-4) 
pathway and the Programmed death 1 (PD-1) with 
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its ligand (PD-L1) (17, 20). These two complexes 
are the targets of several drugs experimented in 
different clinical trials and now included in clini-
cal practice. Anti CTLA-4 agents modulate the ac-
tivation of T-cells binding to the CD80 and CD86 
ligands, compromising CD28 for greater affini-
ty (21). This results in a modulated activation of 
naїve T-cells and memory. The success achieved 
by ipilimumab, a CTLA-4 inhibitor, in metastatic 
melanoma demonstrated that the inhibition of 
this immuno-checkpoint might stimulate the host 
immune system against neoplastic antigens, with 
tumor cells’ death (22). However, in mRCC ipili-
mumab did not show a similar significative ben-
efit.  PD-1 is an inhibitory receptor expressed by 
activated T-cells, B-cells, monocytes, and natural 
killer (NK) cells. PD-L1 and PD-L2 are two well-
known ligands that activate PD-1. In particular, 
PD-L1 is expressed in different cells, including APC 
and malignant cells. The interplay of PD-1 with 
PD-L1 is responsible for the immunosuppressive 
effects of PD-1 (23) by inhibiting the proliferation, 
survival, and function of CD8+ lymphocytes, and 
promoting the differentiation of CD4+ T-cells into 
regulatory T lymphocytes (Tregs). This mechanism 
can induce apoptosis of infiltrating tumor cells. 
Nonetheless, PD-L2 is responsible for the inhibi-
tion of T-cell activation (23). Anti-PD1 agents, such 
as pembrolizumab and nivolumab, and anti-PD-L1 
drugs, such as durvalumab, atezolizumab and 
avelumab, led to a revolutionary approach in the 
therapeutic management of different solid neo-
plasms, including melanoma, non-small cell lung 
cancer, mRCC, urothelial carcinoma and Merkel 
cell carcinoma, but also in hematologic malignan-
cies such as lymphomas (10-15, 24). This review 
summarizes current immunotherapeutic agents 
approved for mRCC.

Combination therapy
The frontline treatment of mRCC has been trans-
formed since the approval of the immunothera-
peutic combination. The two regulatory agency 
Food and Drug Administration (FDA) and Europe-
an Medicines Agency (EMA) approved in 2018 the 
combination nivolumab plus ipilimumab in treat-
ment-naïve mRCC patients at intermediate-poor 
risk and two other combinations in 2019 regard-
less of the risk category group: avelumab plus ax-
itinib and pembrolizumab plus axitinib.
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Immune Checkpoint Inhibitors
In the Checkmate 214 phase III trial 1096 treat-
ment-naïve mRCC patients were randomly as-
signed to receive nivolumab 3 mg/kg plus ipilimum-
ab 1 mg/kg every 3 weeks, followed by nivolumab 
at the same dose every 2 weeks versus sunitinib 
50 mg daily schedule 4 weeks on and 2 weeks off.  
Primary endpoints were objective response rate 
(ORR), progression-free survival (PFS) and overall 
survival (OS) in International mRCC Database Con-
sortium (IMDC) intermediate-poor risk patients.  
Secondary endopoints were ORR, PFS and OS in 
any risk patients and safety in all treated patients. 
ORR, PFS and OS in IMDC favorable-risk were ex-
ploratory endpoints. At the first data cut-off, OS, 
PFS and ORR resulted significantly improved for 
the combination nivolumab plus ipilimumab versus 
sunitinib in intermediate-poor-risk patients (11). 
The significant superiority of the immunothera-
peutic combination over sunitinib for intermedi-
ate-poor risk patients with mRCC was confirmed at 
the median follow-up of 42 months. In summary, 
long-term results showed the maintained benefit 
for the combination over sunitinib in terms of OS 
(47.0 versus 26.6 months, HR = 0.66; 95% CI = 0.55-
0.80; P < 0.0001), PFS (12.0 versus 8.3 months, HR = 

0.76; 95% CI = 0.63-0.91; P < 0.01) and ORR (42.1% 
versus 26.3%, respectively; P = 0.0001) in intermedi-
ate-poor-risk mRCC patients. The exploratory anal-
ysis of the efficacy of the combination nivolumab 
plus ipilimumab compared to sunitinib in favora-
ble-risk patients showed no benefit in OS (HR 1.19, 
95% CI 0.77-1.85, P = 0.44) and as expected, the 
median OS was not reached in either group. Du-
ration of response was longer with nivolumab 
plus ipilimumab (HR, 0.46-0.54), and more pa-
tients achieved complete response (10.1%-12.8% 
vs 1.4%-5.6%) regardless of risk group (12). Certain 
histologic features, as sarcomatoid histology, are 
associated with worse clinical outcomes. Up to 
20% of mRCC patients present a sarcomatoid ded-
ifferentiation. Since this subtype express high level 
of PD-1 and PD-L1, immunotherapy represents a 
promising therapy for these patients. A post-hoc 
analyses of Checkmate 214 was conducted focus-
ing on intermediate-poor risk, advanced clear-cell 
RCC with sarcomatoid features. The descriptive 
analyses performed at a minimum follow-up of 30 
months, confirmed promising efficacy in terms of 
ORR (56.7% versus 19%) and complete response 
rate (18.3% versus 0), OS (31.2 versus 13.6, HR 0.55), 
and PFS (8.4 versus 4.9 months, HR = 0.61) with 

A.

First line

Good Risk

TKI

Nivolumab
Cabozantinib TKI

(cabozantinib, sunitinib)

ICI

Avelumab + Axitinib
Pembrolizumab + Axitinib

Avelumab + Axitinib
Pembrolizumab + Axitinib
Nivolumab + Ipilimumab

Alternatives:
Sunitinib

Pazopanib

Alternatives:
Cabozantinib

Sunitinib
pazopanib

Intermediate-Poor Risk

Second line

B.

Figure 1. a. Summary of immunotherapy combinations approved by EMA and FDA for the first line treatment of metastatic renal cell 
carcinoma according to risk category group. TKI could also be an option; b. Panel of options for the second lines after ICI or TKI.
Abbreviations: TKI, tyrosine kinase inhibitor; ICI, Immune checkpoint inhibitor.
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nivolumab plus ipilimumab compared to suninitib 
in previously untreated, intermediate-poor risk, 
advanced clear-cell RCC with sarcomatoid features 
(25). In the primary analysis treatment-related ad-
verse events (TRAE) occurred in 93% of patients 
treated with nivolumab plus ipilimumab and in 
97% of patients treated with sunitinib.  Grade 3 
or 4 events occurred 46% and 63% of patients, re-
spectively. TRAE events leading to discontinuation 
occurred in 22% and 12% of the patients in the re-
spective groups.  No new safety signals emerged 
to long-term follow-up. Concerning the issue of 
survival in patients who had to discontinue immu-
notherapy for TRAE, Tannir et al. conducted a post-
hoc analysis. The analysis showed that a benefit in 
OS persisted in patients despite having to discon-
tinue therapy due to adverse events (26).

Antiangiogenic and immunotherapy combinations
Immunotherapy was also combined with antian-
giogenic treatment due to their synergistic effect. 
Immunosuppresion and angiogenesis represent 
the key mechanism in mRCC pathogenesis. The 
two mechanisms interact with each other de-
termining changes in tumor microenvironment 
(TME). The complex interconnection between TME 
and immune system was exploited to enhance the 
immune responses obtained by ICIs alone. The 
VEGFR signal blockade, in fact, leads to a modula-
tion and recovery of TME and host immunity use-
ful to enhance the anti-tumor immune response. 

Combining immunotherapy with antiangiogenic 
treatment in fact, showed to improve outcomes 
in mRCC patients compared to TKI monotherapy. 
The KEYNOTE-426 trial is a large phase III trial that 
enrolled 861 patients to show a superiority of the 
combination of pembrolizumab (200 mg every 3 
weeks for up to 35 cycles) plus axitinib (5 mg oral-
ly twice daily) over sunitinib (50 mg for 4 weeks in 
6-week cycles) in untreated mRCC patients. Initial 
data showed an improvement in OS (90% versus 
78%, HR = 0.53; 95% CI = 0.38-0.74; P < 0.0001) and 
ORR (59% versus 36%, P < 0.001) with pembroli-
zumab plus axitinib across all the IMDC risk groups 
and regardless of PD-L1 expression (15). The up-
dated data presented at the 2020 annual ASCO 
congress confirmed the superiority of the combi-
nation over sunitinib at the median follow-up of 23 
months. Considering the intention-to-treat popu-
lation, median OS was not yet reached for the pa-
tients assigned to receive the combination versus 
35.7 months for the patients assigned to sunitinib 
(HR = 0.68; 95% CI = 0.55-0.85 P < 0.001). Median 
PFS was 15.4 months and 11.1 months in pem-
brolizumab plus axitinib arm and sunitinib arm re-
spectively (HR = 0.71; 95% CI = 0.60-0.84, P < 0.001). 
In addition, the ORR was 60.2% with the combina-
tion and 40% in the sunitinib arm, with a complete 
response rate of 9% versus 3%. Grouping patients 
by IMDC risk, significant differences in OS and PFS 
(HR of 0.63 for OS and 0.69 for PFS) were observed 
for patients with intermediate-poor risk disease, 
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TRIAL
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PHASE AND 
DESIGN TREATMENT ARM COMPARISON 

ARM SETTING PRIMARY 
ENDPOINT

CLEAR
NCT02811861

III, randomized, 
open label

Lenvatinib + 
Everolimus or 
Pembrolizumab

Sunitinib First line 
mRCC

PFS by 
independent 
review

COSMIC-313
NCT03937219

III, randomized, 
open label

Cabozantinib 
+ Nivolumab + 
Ipilimumab

Nivolumab + 
Ipilimumab

First line, 
intermediate- 
or poor-risk 
mRCC

PFS per blinded 
independent 
central review 

PDIGREE STUDY
NCT03793166

III, randomized, 
open label

Cabozantinib + 
Nivolumab

Nivolumab + 
Ipilimumab

First line 
mRCC OS

NCT03149822 I/II, open label, 
single arm

Pembrolizumab + 
Cabozantinib

First or 
second line
mRCC

ORR (CR + PR)

NCT03200587 Ib, open label Avelumab + 
Cabozantinib

First line
mRCC

DLTs, AEs, 
RP2D

Table II. Ongoing clinical trials evaluating antiangiogenics and immune checkpoint inhibitors combinations in metastatic renal cell carcinoma.
List of terms: AEs, adverse events; CR, complete response; DLT, dose limiting toxicity; mRCC, Metastatic Renal Cell Carcinoma; ORR, objective response rate; OS, 
overall survival; PFS, progression-free survival; PR partial response; RP2D, recommended Phase 2 dose.
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while no significant differences in OS or PFS were 
observed for patients with favorable-risk disease. 
However, the favorable-risk group had a better 
ORR (69.6 versus 50.4% and 55.8 versus 35.2%, re-
spectively) and a higher complete response rate 
(11% versus 6% and 8 versus 2%, respectively) with 
pembrolizumab plus axitinib versus sunitinib than 
did the intermediate-poor group (16).
In the JAVELIN phase III trial 442 treatment-naive 
mRCC patients were randomly assigned to receive 
a PD-L1 inhibitor, avelumab (10 mg/kg intravenous 
infusion every 2 weeks) and a multikinase inhib-
itor, axitinib (5 mg orally twice daily) or sunitinib 
(50 mg orally once daily schedule 4 weeks on and 
2 weeks off) (13). The two independent primary 
endpoints were PFS and OS among patients with 
PD-L1+ tumors (defined as ≥ 1% of immune cells 
staining positive within the tumor area of the test-
ed tissue sample) (13). Key secondary endpoints 
were OS and PFS in the overall population. At a 
minimum follow-up of 13 months, among the pa-
tients with PD-L1-positive median PFS was 13.8 
versus 7.0 months (HR = 0.62, 95% CI = 0.490-0.777; 
P < 0.0001) and ORR was 55.9% versus 27.2% with 
avelumab plus axitinib and sunitnib respectively 
(13). Considering the overall population, PFS was 
13.3 versus 8.0 months in the avelumab plus ax-
itinib and sunitinib arms, respectively (HR = 0.69, 
95% CI = 0.5740.825; one-sided P < 0.0001) (13). In 
conclusion, the combination showed to be superi-
or in terms of PFS irrespective of  IMDC risk group 
and PD-L1 expression. OS data were immature 
(13). TRAE occurred in 99.5% versus 99.3% pf pa-
tients treated with avelumab plus axitinib versus 
sunitinib respectively (13). Discussing safety data, 
the events were G3 or higher in 71.2% and 71.5% 
of the patients in the respective groups (13).
The combination nivolumab plus cabozantinib re-
cently demonstrated to be very promising. The 
CheckMate-9ER tested the combination and results 
were presented very recently at the ESMO 2020 annu-
al congress. The positive results support the increas-
ing number of data showing that TKIs may create a 
more immune-permissive tumor microenvironment 
that could enhance the response to checkpoint. The 
combination was recently approved by FDA. In de-
tail, CheckMate-9ER is the phase III trial, randomizing 
651 previously untreated mRCC patients to receive 
nivolumab 240 mg intravenous infusion every 2 
weeks plus cabozantinib 40 mg orally daily or su-
nitinib 50 mg daily (schedule 4 weeks on and 2 weeks 
off). Primary endpoint was PFS. Secondary endpoint 

were OS, ORR and safety. The study met its prima-
ry endpoint showing a consistent benefit in terms 
of PFS for the combination of nivolumab plus cabo-
zantinib over sunitinib (16.6 versus 8.3 months HR = 
0.51; 95% CI = 0.41-0.64, P = 0.0001). The superiority 
of nivolumab plus cabozantinib over sunitinib was 
observed also in terms of ORR (55.7% versus 27.1% 
p < 0.0001) with complete response rate of 8.0% ver-
sus 4.6%. The benefit in PFS and ORR was demon-
strated in numerous subgroups including age, sex, 
PD-L1 expression, bone metastases, and IMDC risk 
group. The combination was well tolered and reflect-
ed the known safety profiles of both nivolumab and 
cabozantinib. TRAE for any grade occurred in 97% 
versus 93% of patients treated with nivolumab plus 
cabozantinib versus sunitinib respectively. The events 
were G3 or higher in 61% versus 51% of patients in 
the respective groups. Moreover, patients treated 
with nivolumab plus cabozantinib reported signifi-
cantly better health-related quality of life than those 
treated with sunitinib at most time points, according 
to National Comprehensive Cancer Network-Func-
tional Assessment of Cancer Therapy (NCCN-FACT) 
Kidney Symptom Index 19 (FKSI-19) scores. Longer-
term data for OS are certainly needed because they 
are still immature (27).
All the studies mentioned above combining immu-
notherapeutic drugs or checkpoint inhibitors with 
a TKI included clear cells carcinoma and excluded 
rare histologies such as collecting duct carcinoma 
or papillary tumors.

DISCUSSION
The approval of therapeutic combos as treatment 
for mRCC is rapidly changing the clinical practice. 
The rationale for combining different therapies 
was rooted in cancer-immunity cycle. The cycle 
consists into a series of functional stepwise events 
involving stimulatory and inhibitory factors to ob-
tain an efficient control of cancer growth by the im-
mune system (19). The synergistic effect that can 
result from the combination of two different thera-
pies has been exploited to enhance the anti-tumor 
immune response obtained by ICIs monotherapy 
(28). In detail, the CTLA-4 inhibition, which leads 
to an active immune response at the level of T-cell 
proliferation has a synergistic effect with PD-1 inhi-
bition, which modulates the immune response at 
the level of the tumor bed (19). On the other hand, 
combining ICIs with VEGF- or VEGFR-directed ther-
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beginning (11, 15, 27). Safety issue for TKI-immuno 
combo unfortunately, tend to persist over time due 
to prolonged administration of both agents. The 
possibility of using a TKI just for a limited period 
according to a possible intermittent schedule are 
under investigation with the aim to avoid overtreat-
ment and reduce toxicity and costs. Ultimately, the 
quest for optimal methods to select patients may in-
volve refinement of tissue-based analysis, angiogen-
esis and inflammatory gene expression signatures 
and blood-based biomarkers, among others (31, 32).
The IMmotion150 trial investigating the combina-
tion with the angiogenesis inhibitor bevacizumab 
and the PD-L1 inhibitor atezolizumab showed dif-
ferent biologic subgroups based on gene expres-
sion (33). Effector T cells, interferon γ or angiogen-
esis gene expression signatures, could be used 
to select patients more responsive to the immu-
notherapy combinations over TKIs and viceversa. 
Moreover, favorable risk patients showed a more 
angiogenic phenotype, suggestsing that VEGF 
agents could remain a good treatment choice (33).
Question about the optimal sequencing remains 
open and prospective trial investigating innovative 
therapies are needed. Patients rapidly progress 
on therapy, so improved therapeutic option with 
superior efficacy are needed and enrollement into 
clinical trials investigating promising therapies 
with new mechanism of action is recommended.

CONCLUSIONS
The treatment landscape of mRCC is rapidly evolv-
ing, but several unmet needs remain. We are mov-
ing into a phase where different therapies are 
available, without knowing how to select patients. 
Certainly, the identification of predictive biomark-
er to guide therapeutic decisions is essential. Go-
ing forward, tissue-based analysis, whole genome 
sequencing and epigenetic analysis will probably 
help to understand the biology of RCC and to dis-
tinguish genomic signatures that can predict re-
sponse to different treatment strategies.
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apy significantly improved the outcomes of mRCC 
patients compared to TKI monotherapy. The VEG-
FR signal blockade, in fact, exert immunomodula-
tory activities, recovering TME and host immunity. 
This effect permitted to enhance the anti-tumor 
immune response obtained by ICIs alone (28).
We are moving into a phase where different and ef-
fective therapies will be available, without knowing 
how to select patients. For this purpose, having pre-
dictive biomarkers to guide therapeutic decisions 
will be critical. Direct comparison of studies leading 
to approval of the combinations should be avoided 
(11, 13, 15). However, we can derive useful informa-
tion. Treatment choices could in fact be based on 
different clinical insights deriving from the charac-
teristics of patients, of disease or drug activity. Con-
cerning drug activities, we know that safety profile 
or timing of action is different for TKI and immuno-
therapy. In detail, ICIs are associated with meaning-
ful long-lasting responses (11). The CheckMate 214 
trial confirmed the long-term benefit of the immu-
notherapy combination nivolumab plus ipilimum-
ab in intermediate-poor risk at 42 months mini-
mum follow-up. The study showed no separation 
in curves for the first months but a survival plateau 
occurs at 24-months, meaning that responses with 
the immune-combo are durable on the long-term 
compared to sunitinib, where response continues 
to decline (11). Compared to CheckMate 214, the 
follow-up with pembrolizumab plus axitinib is not 
so long yet. However, the OS curves separate since 
the beginning compared to sunitinib, meaning that 
the combination starts to work early. Therefore, 
we can derive that the combination ICIs-TKI could 
be preferred when shrinkage is needed for aggres-
sive or rapidly progressive disease or for sympto-
matic patients (15). On the other hand, ipilimumab 
plus nivolumab or the combo cabozantinib plus 
nivolumab could be preferred if complete response 
is the prefixed objective, However, a high percent-
age of progressive disease as best response were 
observed in CheckMate 214 (11, 27, 29, 30).
Safety profile could also be helpful in clinical prac-
tice. In the CheckMate 214, 25% of patients discon-
tinued treatment due to TRAEs, the most occurring 
during the induction phase. In the Keynote 426, G3 
or higher adverse events of any cause occurred in 
66% and 62.4% of patients in the pembrolizumab 
plus axitinib group and in the sunitinib group, re-
spectively. Moreover, axitinib is given full dose, dif-
ferent from the 9ER trial, where immunotherapy is 
combined to cabozantinib at reduced dose from the 
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