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A B S T R A C T  

Background : Tocilizumab, an IL - 6 re cep tor an tag o nist, was sug gested as a pos si ble treat ment of se vere or crit i - 
cal COVID - 19 pneu mo nia in a small Chi nese study. The TO CIVID - 19 trial eval u ates ef fi cacy and tol er a bil ity of 
tocilizumab in the treat ment of pa tients with se vere or crit i cal COVID - 19 pneu mo nia. 
Methods : TO CIVID - 19 is an aca d e mic mul ti cen ter, sin gle - arm, open - label, phase 2 study. All the pa tients are 
be ing of fered a sin gle shot of 8  mg/ kg of Tocilizumab (up to a max i mum of 800  mg), with an even tual sec ond 
ad min is tra tion at the dis cre tion of the In ves ti ga tor. A com pan ion prospec tive co hort, added to cor rob o rate in - 
ter nal va lid ity, in cludes ei ther pa tients not el i gi ble for phase 2 or sub jects el i gi ble for phase 2 but ex ceed ing 
the planned sam ple size. 14 - and 30 - days lethal ity rates are the two co - primary end points in the in ten tion - to - 
treat (ITT) pop u la tion. Sec ondary ob jec tives are to eval u ate mor tal ity and clin i cal im prove ment in the mod i - 
fied - ITT pop u la tion of sub jects who re ceived the drug. De tails of the method olog i cal and sta tis ti cal ap proaches 
are re ported here re flect ing the amend ments im pelled by the con tin u ously in creas ing knowl edge on COVID - 19 
pro gres sion and chal lenges in data col lec tion. 
Conclusion : This pa per pro vides de tails of planned sta tis ti cal analy ses for TO CIVID19 trial to re duce the risk of 
re port ing bias and in crease va lid ity of the study find ings. 

TO CIVID - 19 trial is reg is tered in the Eu draCT data base with num ber 2020 - 001110 - 38 and in clinicaltrials. 
gov with ID NC T04317092. 

1 . Introduction 

1. 1 . Background and rationale 

This mul ti cen ter study on the ef fi cacy and tol er a bil ity of 
tocilizumab in the treat ment of pa tients with COVID - 19 pneu mo nia 
(TO CIVID - 19) has been re al ized in the con text of the COVID - 19 epi - 
demics in Italy. Such epi demic has led to a rapidly in creas ing num ber 
of cases of in ter sti tial pneu mo nia with a high case - fatality ra tio and a 
tremen dous bur den on Ital ian in ten sive and sub - intensive care units. 
The num ber of deaths as so ci ated with COVID - 19 in Italy is high, and 
is mainly con cen trated in a few Re gions (Lom bar dia, Piemonte, 
Emilia - Romagna, Veneto) [ 1 , 2 ]. 

Tocilizumab, an IL - 6 re cep tor an tag o nist, is an anti - inflammatory 
drug used in rheuma tol ogy for the treat ment of some forms of arthri - 
tis and in on col ogy to fight the ‘cy tokine storm’ sub se quent to im - 
munother apy. It was sug gested as a pos si ble treat ment of se vere or 
crit i cal COVID - 19 pneu mo nia by Chi nese re searchers [ 3 ] in a co hort 
of 21 pa tients whose clin i cal vari ables im proved dra mat i cally. Then a 
ran dom ized trial com par ing tocilizumab ver sus con trol started in 
China eval u at ing about 190 pa tients [ 4 ]; as far as we know the trial is 
still on go ing. Af ter the ini ti a tion of the pre sent study two other ran - 
dom ized phase 3 tri als have been launched by the Uni ver sity of Ox - 
ford (Eu draCT 2020 - 001113 - 21) and by the drug man u fac turer (NC - 
T04320615). 

Notwith stand ing the pre vi ous lim ited in for ma tion, tocilizumab 
was steadily used off - label in Italy to treat se vere or crit i cal COVID - 19 
pneu mo nia, and anec dot i cal ini tial pos i tive re sults re ported by physi - 
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cians gave rise to a mas sive me dia cam paign for a gen er al ized use of 
drug. Thus, the main con cern was to pro vide more ac cu rate and 
method olog i cally sound in for ma tion on the ef fi cacy of tocilizumab. 

1. 2 . Objectives 

The TO CIVID - 19 trial is a sin gle - arm open la bel phase 2 study de - 
signed to as sess the ef fi cacy of tocilizumab in re duc ing mor tal ity of 
pa tients with se vere or crit i cal COVID - 19 pneu mo nia. The aim of this 
Sta tis ti cal Analy sis Plan (SAP) is to re port in de tail the method olog i - 
cal and sta tis ti cal ap proaches to the analy sis of the data whilst still 
blind to any analy ses of ef fi cacy study out comes. This SAP is pro - 
duced at the end of April 2020, and any de vi a tions will be doc u - 
mented in the fi nal clin i cal study re port. It is based on the TO CIVID - 
19 study pro to col, ver sion 3, dated April 28th, 2020, and is in line, 
where ap plic a ble, with the lit er a ture guide lines [ 5 ]. 

2 . Methods 

2. 1 . Trial design 

TO CIVID - 19 is an aca d e mic, no - profit, mul ti cen ter, sin gle - arm, 
open - label, phase 2 study. All the pa tients en rolled re ceive a sin gle 
shot of 8  mg/ kg of Tocilizumab (up to a max i mum of 800  mg). A sec - 
ond ad min is tra tion of Tocilizumab at the same dose is al lowed af ter 
12  h if res pi ra tory func tion has not re cov ered, at the dis cre tion of the 
In ves ti ga tor. Lethal ity rate is the pri mary end point. The study is reg is - 
tered in the Eu draCT data base with num ber 2020 - 001110 - 38 and in 
clinicaltrials. gov with ID NC T04317092. 

The sin gle - arm de sign was prompted by so cial needs and fea si bil - 
ity rea sons. On one hand, al though the ra tio nale be hind the use of 
tocilizumab is clin i cally plau si ble, pre vi ous Chi nese ex pe ri ence is 
weak. Nev er the less, an ag gres sive me dia cam paign has arisen fa vor ing 
an in dis crim i nate re quest of the drug on an off - label ba sis from physi - 
cians. Such pow er ful plea for the drug in Italy, de spite the ab sence of 
strong ev i dence, would have made achiev ing con sent to par tic i pa tion 
in a con trolled ran dom ized trial very dif fi cult. This be lief was con - 
firmed by en su ing events, par tic u larly the mas sive reg is tra tion of cen - 
ters as soon as the reg is tra tion was opened. 

Thus, this study de sign rep re sents the ef fort to strike a bal ance be - 
tween the clin i cians’ de mand on one side and the sci en tific need to 
have the most ac cu rate in for ma tion by gov ern ing the data col lec tion 
on a for mal ized ba sis. 

Be cause of the un prece dented sit u a tion of COVID - 19 pan demic, in - 
ad e quate in for ma tion was avail able when the trial was planned, and 
this SAP re flects the sub se quent amend ments im pelled by the con tin u - 
ously in creas ing knowl edge. 

The planned num ber of pa tients of phase 2 pop u la tion was com - 
pleted in less than 24  h, from March 19 to March 20, 2020. The core 
phase 2 trial was com ple mented by a fur ther co hort of pa tients 
treated with Tocilizumab at the same doses, with a prospec tive and a 
ret ro spec tive com po nent. The prospec tive co hort was de fined as 
treated pa tients not en rolled in the phase 2 co hort, but prospec tively 
reg is tered be fore re ceiv ing Tocilizumab. The prospec tive co hort in - 
cludes ei ther sub jects el i gi ble for phase 2, but pos si bly ex ceed ing the 
planned phase 2 sam ple size, or pa tients not el i gi ble for phase 2 be - 
cause of ei ther prac ti cal cir cum stances or time of in tu ba tion su pe rior 
to 24  h be fore reg is tra tion. The ret ro spec tive co hort is de fined as pa - 
tients who re ceived the drug but were reg is tered af ter re ceiv ing 
Tocilizumab. 

Many is sues were en coun tered with cen ters re gard ing data col lec - 
tion, mainly be cause reg is tra tion in the trial was the only way to ob - 
tain the drug in a very crit i cal mo ment of the spread of the dis ease. 
Thus, we ex pect an im por tant pro por tion of miss ing data. As of April 
15, only 151 phase 2 pa tients were avail able for analy sis, ac cord ing to 

base line and treat ment in for ma tion. Ef forts to ob tain more data will 
con tinue un til the date of data lock, and the ex act num ber will be re - 
ported in the fi nal pa per. This sce nario led us to add a ‘val i da tion co - 
hort’, in volv ing pa tients reg is tered in the prospec tive co hort, with the 
same el i gi bil ity cri te ria of phase 2, from March 20 to March 24, 2020 
when the en rol ment of pa tients was tem porar ily halted be cause of 
drug short age. Hope fully, r the find ings of this val i da tion co hort 
would cor rob o rate the in ter nal va lid ity of the study main re sults. 

This SAP only refers to the phase 2 and val i da tion co horts. The re - 
main ing pa tients from the prospec tive and ret ro spec tive co horts will 
be in ves ti gated in sep a rate analy ses. 

2. 2 . Eligibility criteria 

In pa tients with vi ro log i cal di ag no sis of SARS - CoV - 2 in fec tion 
(real - time PCR) and clin i cal or in stru men tal di ag no sis of pneu mo nia 
who had an oxy gen sat u ra tion at rest ≤93% or in tu bated less than 
24  h be fore reg is tra tion were el i gi ble. Nei ther age nor gen der lim its 
were con tem plated. 

3 . Outcomes 

3. 1 . Primary outcome 

When the trial was first planned only one pri mary out come was 
de fined, i.e. 1 - month death rate. How ever, bi weekly re ports of the 
Ital ian Na tional In sti tute of Health (ISS) [ 6 ] on de ceased COVID - 19 
pa tients recorded me dian times of 10 days and 5 days from on set of 
symp toms and death, and hos pi tal iza tion and death, re spec tively. Ac - 
cord ingly, it ap peared that de lay ing death as sess ment at 1 month 
might be un nec es sary and death es ti mates at 14 days might be very 
in for ma tive, also be ing less prone to loss of in for ma tion. 

Ac cord ingly, the April 28th pro to col amend ment in tro duced 
lethal ity rates mea sured 14 and 30 days af ter reg is tra tion as co - 
primary out comes of the in ten tion to treat analy sis in the TO CIVID - 19 
pro to col ver sion 3. 

3. 2 . Secondary outcomes 

Sec ondary out comes are: 

• lethality rates at two weeks and one month in the subgroup of 
phase 2 patients who actually received the experimental drug; 

• lethality rates at two weeks and one month according to delay of 
treatment; 

• time to death, defined as the time from registration to death or 
being alive within 30 days; 

• respiratory function in terms of: 
o time to invasive mechanical ventilation (if not previously 

initiated), defined as the time from registration to first 
occurrence of mechanical ventilation; 

o time to definitive extubation (if previously intubated), defined 
as the time from registration to definitive extubation; 

o time to independence from non - invasive mechanical ventilation, 
defined as the time from registration to the definitive stopping 
of mechanical ventilation; 

o time to independence from oxygen therapy, defined as the time 
from registration to the definitive stopping of oxygen 
supplementation; 

• duration of hospitalization, defined as the time spent in hospital 
from registration to death or discharge; 

• longitudinal changes in clinical and laboratory variables outlined 
in the protocol as reported in medical records (IL - 6 levels, CRP 
levels, PaO2/ FiO2 ratio, body temperature, lymphocyte count, 
SOFA score, radiological response); 

http://clinicaltrials.gov/
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• prognostic value of baseline variables (age, IL - 6 levels, CRP levels, 
lymphocyte count) in COVID - 19 patients; 

• safety outcomes as codified by Common Terminology Criteria for 
Adverse Events (CTCAE) v. 5. 0. 

3. 3 . Sample size 

As of March 15, 2020, when only pre lim i nary data were avail able, 
330 pa tients were planned as sum ing a 15% 1 - month lethal ity rate as 
H 0 , an al ter na tive hy poth e sis (H 1 ) equal to 7.5% (i.e. halv ing the risk 
of death) with a very high power 0.99 and two - tailed al pha level 
equal to 0.05. 

As more Ital ian data were avail able, it was ev i dent that ini tial null 
hy poth e sis was se ri ously un der es ti mated and should be re fined. 

A main con cern was the ac ces si bil ity of data re fer ring to pa tients 
hos pi tal ized with se vere or crit i cal COVID 19 pneu mo nia. As of April 
12, 2020, from data of Min is ter of Health we cal cu lated an over all 
death ra tio of 23.3%, un der the as sump tion that all pa tients de ceased 
or cured were hos pi tal ized [ 7 ]. 

Con fi den tial in di vid ual data sup plied by ISS [ 8 ], con cern ing the 
Veneto re gion, showed cu mu la tive death rates of 15.6% (day 14) and 
28.2% (day 30) cal cu lated by the Ka plan - Meier prod uct - limit method 
(as for April 15). 

How ever, these data should still be slightly un der es ti mated be - 
cause of the pres ence of peo ple with very short fol low up and could 
not be sim ply gen er al ized to the whole Ital ian pop u la tion, as it 
seemed clear, from of fi cial data by Min is ter of Health, that Veneto has 
been one of the Ital ian re gions with lower death rates ( Table 1 ). Un - 
der the as sump tion that case mix of our sam ple is sim i lar to case mix 
of the whole Ital ian pop u la tion, the over all ex pected death rate in our 
trial should be equal to 21.7% and 39.2% at 14 and 30 days, re spec - 
tively (mul ti ply ing by 1.39 the two Veneto es ti mates above). 

This en cour aged us to adopt, in agree ment with the In de pen dent 
Data Mon i tor ing Com mit tee (IDMC), an es ti mate of the null hy pothe - 
ses (H 0 ) to 20% and 35% at 14 and 30 days, re spec tively. Like wise, 

Table 1 
Deaths from hos pi tal ized COVID - 19 pa tients as for April 15, 2020 (elab o ra - 
tion from of fi cial data of Min is ter of Health). 

Hospitalized cases Deaths death rate ratio of death rates 

Lombardia 42349 11377 0.27 1.56 
Emilia 11165 2788 0.25 1.45 
Piemonte 8738 2015 0.23 1.34 
Veneto 5456 940 0.17 1.00 
Toscana 2442 556 0.23 1.32 
Marche 3551 807 0.23 1.32 
Liguria 3400 746 0.22 1.28 
Lazio 2723 311 0.11 0.66 
Campania 1413 278 0.20 1.14 
Trento 1476 318 0.22 1.25 
Puglia 1276 288 0.23 1.31 
Friuli 1337 212 0.16 0.92 
Sicilia 1044 181 0.17 1.01 
Abruzzo 849 240 0.28 1.64 
Bolzano 846 223 0.26 1.53 
Umbria 899 54 0.06 0.35 
Sardegna 424 83 0.20 1.14 
Calabria 319 71 0.22 1.29 
Valle 533 121 0.23 1.32 
Basilicata 131 21 0.16 0.93 
Molise 88 15 0.17 0.99 
Overall 90459 21645 0.24 1.39 

Hos pi tal ized cases: cal cu lated as all pos i tive cases mi nus pos i tive sub jects con - 
fined at home. Deaths: re ported deaths. Death rates: # deaths out of # hos pi tal - 
ized cases. Ra tio of death rates: ra tio of death rate of each re gion and that of 
Veneto (as sumed as ref er ence), i.e. the death rate of Lom bar dia is 1.56 times 
the death rate of Veneto. 

sig nif i cance level for each co - primary test was de creased to 0.025 to 
ac count for mul ti plic ity. 

The num ber of 330 pa tients planned for the phase 2 study would 
still be ad e quate to rec og nize an ab solute risk re duc tion (ARR) ≥10%, 
as sumed as clin i cally rel e vant. The trial power (cal cu lated with bi no - 
mial enu mer a tion) by ARR is re ported in Table 2 , ac cord ing to dif fer - 
ent as sump tions, as sum ing a two - tailed ex act test with al pha level 
equal to 0.025. 

4 . Statistical analysis 

4. 1 . Trial populations 

Ac cord ing to the study de sign the fol low ing pop u la tions are de - 
fined: 

• Intention to treat (ITT) phase 2 population, defined as all 
patients enrolled in the phase 2 cohort. ITT population also 
includes patients who have received the drug some days after 
registration due to the shortage of the study drug immediately 
after the start of the study, and patients who could not have get it 
at all. 

• Modified ITT (mITT) phase 2 population, defined as all patients 
of the ITT phase 2 population who received at least one dose of 
the study drug. 

• ITT validation population, defined as all patients consecutively 
and prospectively registered from March 20 to March 24 who were 
potentially eligible for the phase 2 study but could not be enrolled 
because of the completion of the phase 2 cohort. Analyses in the 
validation population will help to corroborate the phase 2 
findings. 

• mITT validation population, defined as all patients of the ITT 
validation population who have received at least one dose of the 
study drug. 

• Safety population, defined as all patients in the phase 2 and 
validation populations who received at least one dose of the study 
drug. 

4. 2 . Efficacy analyses for the primary outcome 

Pri mary analy ses will be per formed ac cord ing to ITT strat egy, in 
line with the Treat ment pol icy strat egy for all in ter cur rent events [ 9 ], 
where the tar get of es ti ma tion is con sid ered re gard less of the oc cur - 
rence of in ter cur rent events, and the es ti mand mir rors the de ci sion to 
treat a pa tient rather than the ef fect of the treat ment it self. The es ti - 
mand frame work ex plic itly ac knowl edges the im pact on the study 
ques tion of the choices made to deal with events that “oc cur af ter 
treat ment ini ti a tion and ei ther pre clude the ob ser va tion of the [end - 
point] vari able or af fect its in ter pre ta tion” (in ter cur rent events). 

As for this study we an tic i pate the fol low ing in ter cur rent events: 

• Delay in administering the treatment due to shortage or 
administrative reasons; 

Table 2 
Trial power by ab solute risk re duc tion, ac cord ing to dif fer ent H 0 as sump tions, 
as sum ing a two - tailed ex act test with al pha level equal to 0.025 and with a 
sam ple size of 330. 

Death rate at 14 days Death rate at 30 days 

Death rate 15% 20% 25% 30% 35% 40% 

Absolute risk reduction 

10% > 99% > 99% 99% 98% 95% 93% 
12.5% > 99% > 99% > 99% > 99% > 99% 99% 
15% > 99% > 99% > 99% > 99% > 99% > 99% 
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• Discharge before d 14 ; 
• Discharge before d 30 only for the 1 - month outcome; 
• Discharge before start of treatment, thus preventing treatment 

administration; 
• Death before start of treatment, thus preventing treatment 

administration; 
• Transfer to other wards; 
• Second administration of Tocilizumab; 
• Change in concomitant treatments. 
Accordingly, the primary estimand and key secondary estimands are 

defined as follows: 

4. 2. 1 . Primary estimand 

• Treatment condition of interest : all patients registered in the study, 
regardless of actual administration of tocilizumab, time of 
administration, dose and number of administrations 

• Population : prospectively registered patients with severe or critical 
COVID - 19 pneumonia as defined in the eligibility criteria (ITT 
phase 2 population and ITT validation population) 

• Variable : death/ alive status within 14 and 30 days from 
registration (primary endpoints) 

• Population - level summary : case - fatality ratio with 97. 5% confidence 
interval. 

4. 2. 2 . Time - to - death secondary estimand 

• Treatment condition of interest : all patients registered in the study, 
regardless of actual administration of tocilizumab, time of 
administration, dose and occurrence of a second administration; 

• Population : prospectively registered patients with severe or critical 
COVID - 19 pneumonia as defined in the eligibility criteria (ITT 
phase 2 population and ITT validation population); 

• Variable : death/ alive status at each day within 30 days from 
registration; 

• Population - level summary: cumulative probability of death with 
95% confidence interval. 

“Treat ment avail abil ity as per nor mal prac tice” sec ondary es ti - 
mands. 

These sec ondary es ti mands dif fer from the pri mary es ti mand only 
for the han dling of the in ter cur rent event “De lay in ad min is ter ing the 
treat ment due to short age or ad min is tra tive rea sons”, which is treated 
with a “hy po thet i cal” strat egy: 

• Treatment condition of interest : all patients registered in the study 
when Tocilizumab is available as per normal practice, regardless of 
time of administration, dose and occurrence of a second 
administration; 

• Population : prospectively registered patients with severe or critical 
COVID - 19 pneumonia as defined in the eligibility criteria; 

• Variable : death/ alive status within 14 and 30 days from 
registration; 

• Population - level summary : case - fatality ratio with 95% confidence 
interval. 

This tar get of es ti ma tion seems jus ti fied by the in tent to es ti mate 
the ef fect of the treat ment in a sit u a tion where its avail abil ity is not 
af fected by the very spe cial cir cum stances en coun tered at the peak of 
the epi demics in Italy. 

4. 3 . Data collection 

Base line in for ma tion in cludes mea sure ments of de mo graphic and 
clin i cal char ac ter is tics of pa tients col lected be fore the first ad min is tra - 

tion of treat ment. On - treatment (lon gi tu di nal) data are col lected 
there after un til dis charge or the end - date of 30 days from reg is tra tion. 

The reg is tered data are checked for com plete ness and ac cu racy, 
and amended, if ap pro pri ate. For miss ing, in co her ent, and im plau si ble 
data, a query is raised, which is to be solved by the staff per son nel. As 
soon as in for ma tion is con sid ered no more sus cep ti ble to be im proved 
in the short time, data base will be locked and made avail able for data 
analy sis. The main analy sis is planned as soon as pos si ble af ter a 
month from the reg is tra tion of the last pa tient. 

Data col lec tion is web - based ( http:// www. usc - intnapoli. net ) or by 
pa per CRF. Data man age ment is cen tral ized at the Clin i cal Tri als Unit 
of the Na tional Can cer In sti tute of Napoli. The analy sis is car ried out 
us ing Stata ver sion 14.0 (Stata Corp. Col lege Sta tion, TX, USA) and R 
ver sion 3.6.1 (R Foun da tion for Sta tis ti cal Com put ing, Vi enna, Aus - 
tria). 

4. 4 . Methods of analysis and presentation of results 

4. 4. 1 . Data presentation 
The flow of pa tients of the phase 2 and val i da tion pop u la tions de - 

fined above will be sum ma rized us ing a Con sol i dated Stan dards of Re - 
port ing Tri als di a gram [ 10 ]. Base line char ac ter is tics of pa tients’ pop u - 
la tions will be de scribed with the usual sum mary mea sures, as ap pro - 
pri ate, for the two main pop u la tions (phase 2 and val i da tion). Ge o - 
graph i cal dis tri b u tion of pa tients of the two pop u la tions will be re - 
ported to ease the ex ter nal va lid ity of find ings. 

Dif fer ences be tween groups at base line will be as sessed for cat e - 
gor i cal vari ables us ing χ 2 and Fish er's ex act as ap pro pri ate. For con - 
tin u ous vari ables t - test and ANOVA will be used and the Shapiro 
Wilks test will be per formed to eval u ate the nor mal ity, oth er wise 
Wilcoxon test or Kruskal - Wallis test for in de pen dent data will be ap - 
plied. 

Pro to col de vi a tions and ac tual ex po sure to treat ment. 
Rea sons for pro to col de vi a tions will be sum ma rized in a table. Ab - 

solute and rel a tive fre quen cies of pa tients not meet ing in clu sion/ ex - 
clu sion cri te ria will be re ported. 

Fre quency dis tri b u tions of ac tual ad min is tra tion, time of ad min is - 
tra tion, dose and num ber of ad min is tra tions will be re ported. 

4. 4. 2 . Primary endpoint analysis 
Pro por tion of death at day 14 and day 30 will be cal cu lated with 

ex act 97.5% Clop per - Pearson con fi dence in ter vals (CI). Test of the 
pre - specified null hy pothe ses at days 14 and 30 will be done by 
means of a two - sided bi no mial test with al pha level equal to 0.025, in 
phase 2 ITT pop u la tion. 

Every ef fort is made to ver ify the out come (i.e. sta tus as death/ 
alive at 14 and 30 days) through clin i cal records and dis tant mon i tor - 
ing (tele phone call). Pa tient dis charged to home or to low - intensity 
care set ting will be con sid ered alive at the end - date of 30 days (in the 
ab sence of ad di tional data con firm ing oth er wise). In for ma tion on 
with drawals and rea sons for with drawal will be de scribed in a sum - 
mary table. No im pu ta tion mod els will be im ple mented. 

In for ma tion on the pri mary out comes will be de scribed for base - 
line sub groups de fined by de mo graph ics and clin i cal vari ables (treat - 
ment sta tus, age, gen der, ge o graph i cal area, im por tant co mor bidi ties, 
me chan i cal ven ti la tion, and con comi tant treat ments) and com pared 
with ex act chi square test. 

We as sume a pri ori that treat ment sta tus is only de pen dent on con - 
tin gent cir cum stances (i.e. drug short age) and not on physi cians' or 
pa tients' de ci sion (i.e. is not likely af fected by prog nos tic fac tors). 
How ever, a physi cians’ se lec tion bias could still have hap pened, even 
though we can not an tic i pate the di rec tion. We will check our as sump - 
tion by com par ing the base line char ac ter is tics of groups de fined by 
treat ment sta tus, and mul ti vari able lo gis tic re gres sion mod els will be 
per formed with 14 - and 30 - day mor tal ity as de pen dent vari ables and 

http://www.usc-intnapoli.net/


Contemporary Clinical Trials Communications 20 (2020) 100665

5

P. Chiodini et al. 

treat ment in for ma tion (treat ment sta tus and time to treat ment) and 
sig nif i cant base line char ac ter is tics (age, gen der, ge o graph i cal area, 
im por tant co mor bidi ties, me chan i cal ven ti la tion, and con comi tant 
treat ments) as co vari ates. 

4. 4. 3 . Time - to - event analyses 
For time - to - event analy ses, es ti mates of cu mu la tive prob a bil i ties of 

the event will be pro vided with 95% CIs. Cu mu la tive prob a bil i ties of 
event will be es ti mated by us ing 1 mi nus Ka plan - Meier es ti ma tor or 
by us ing cu mu la tive in ci dence es ti ma tor in the pres ence of other com - 
pet ing events [ 11 ]. Me dian time to event and in terquar tile range will 
be cal cu lated for sub jects with event. In the ab sence of ad di tional vi - 
tal sta tus data, pa tient dis charged ear lier than 30 days to home or to 
low - intensity care set ting will be con sid ered alive at the end - date of 
30 days. De pen dency on wait ing time to treat ment will be in ves ti - 
gated by non - parametric haz ard curves of death in pre de fined sub - 
groups of wait ing times ac cord ing to ‘clock back’ scale [ 12 ]. Time - to - 
event analy sis will be per formed on ITT and mITT pop u la tions. In for - 
ma tion on time - to - event analy ses will be de scribed also for base line 
sub groups de fined by de mo graphic and clin i cal vari ables. A sen si tiv ity 
analy sis will be per formed by con sid er ing pa tients dis charged ear lier 
than 30 days to home or low - intensity care set tings as com pet ing 
events and us ing cu mu la tive in ci dence es ti ma tor. 

Mul ti vari able analy ses will be per formed by the pro por tional haz - 
ard Cox model where treat ment is en tered as a time - dependent co vari - 
ate, to prop erly ac count for im mor tal - time bias [ 13 ]. Pro por tion al ity 
as sump tion will be tested by Schoen feld resid u als. 

For time to death , all pa tients will be in cluded in the analy sis and 
pa tient dis charged ear lier than 30 days to home or to low - intensity 
care set ting will be con sid ered alive at the end - date of 30 days. 

For time to in va sive me chan i cal ven ti la tion , pa tients with in va sive 
me chan i cal ven ti la tion within 24  h from reg is tra tion date will be ex - 
cluded from the analy sis and death will be con sid ered as com pet i tive 
event. Pa tient dis charged ear lier than 30 days to home or to low - 
intensity care set ting will be con sid ered with out ven ti la tion at the 
end - date of 30 days. 

For time to de fin i tive ex tu ba tion , pa tients with out in va sive me - 
chan i cal ven ti la tion within 24  h from reg is tra tion date will be ex - 
cluded from the analy sis and death will be con sid ered as com pet i tive 
event. Pa tient dis charge to home or to low - intensity care set ting will 
be con sid ered as event when data of de fin i tive ex tu ba tion is miss ing. 

For time to in de pen dence from non - invasive me chan i cal ven ti la - 
tion , only pa tients with non - invasive me chan i cal ven ti la tion within 
24  h from reg is tra tion date will be in cluded in the analy sis and death 
will be con sid ered as com pet i tive event. Pa tient dis charge will be con - 
sid ered as event if data of in de pen dence from non - invasive me chan i - 
cal ven ti la tion is miss ing. 

For time to in de pen dence from oxy gen ther apy , all pa tients will be 
in cluded in the analy sis (due to el i gi bil ity cri te ria) and death will be 
con sid ered as com pet i tive event. Pa tient dis charge to home or to low - 
intensity care (in both cases with in de pen dence from oxy gen ther apy) 
will be con sid ered as event when data of in de pen dence from oxy gen 
ther apy is miss ing. 

4. 4. 4 . Longitudinal analysis 
Lon gi tu di nal eval u a tions of clin i cal and lab o ra tory val ues will be 

sum ma rized at spe cific time - points. De pend ing on the type of vari - 
able, sum mary es ti mates (e.g. pro por tion, mean or me dian) will be 
cal cu lated and re ported at spe cific time - points. Mixed - effect re gres - 
sion mod els will be used to an a lyze the as so ci a tions in clud ing lon gi tu - 
di nal eval u a tions as de pen dent vari able and time and the base line 
char ac ter is tics as co vari ates. In ter ac tion be tween time and the other 
co vari ates in cluded will be tested. Mixed ef fects mod els use all avail - 
able data over fol low - up and can prop erly ac count for cor re la tion be - 
tween re peated mea sures. 

Du ra tion of hos pi tal iza tion will be sum ma rized as me dian and in - 
terquar tile range. 

4. 4. 5 . Additional analyses 
In the mul ti vari able re gres sion mod els, a sen si tiv ity analy sis could 

be per formed by us ing a propen sity score ap proach if the num ber of 
deaths will not be suf fi cient to al low the high num ber of co vari ates in 
mul ti vari able mod els. The propen sity score, de fined as the prob a bil ity 
of re ceiv ing treat ment, is es ti mated by a lo gis tic re gres sion model 
with the base line char ac ter is tics as co vari ates. The C - statistic of the 
propen sity score, that in di cates the de gree to which the propen sity 
score model dis crim i nates be tween treated pa tients and un treated pa - 
tients, will be cal cu lated. The es ti mated propen sity score will be 
added as a co vari ate in the re gres sion mod els to gether with treat ment 
in for ma tion (sta tus and time). This ap proach in creases flex i bil ity 
when the out come is rare, and treat ment is com mon al low ing to ad e - 
quately ad just for all base line vari ables. 

4. 5 . Missing data 

A high rate of miss ing data is ex pected for sev eral ad min is tra tive 
rea sons: 

(i) Clinical researchers are overburdened because of the increasing 
number of patients (the trial started during the ascending phase 
of the pandemic); 

(ii) Data managers and other supportive personnel are lacking in 
many participating centers, also due to restrictions consequent 
to pandemic; 

(iii) Some centers seem poorly motivated and participated to the 
trial just because it was the only chance to use the drug; 

(iv) In several COVID units clinical charts have been locked down 
because of risk of paper - mediated virus transmission and are 
not accessible for external use for several days 

(v) Researchers had a limited training on the use of the platform 
due to the short time between protocol approval and trial start 
(this was partially counteracted with publication on the web 
site of tutorial documents); 

(vi) Few fields in web - CRFs were mandatory to simplify the job of 
researchers and to reduce slowdowns of data input; 

(vii) No on - site monitoring is possible owing to pandemic 
confinement (central monitoring was performed by telephone, 
e - mail, and e - queries through the web - based platform); 

(vii) Hardware temporarily crashed twice due to extreme and 
unexpected information loading volume. 

Hence, in agree ment with IDMC, it was de cided to re move from 
any analy sis all pa tients re cruited from un co op er a tive cen ters pro vid - 
ing less than 25% of in for ma tion on base line char ac ter is tics and treat - 
ment ad min is tra tion. We had no in for ma tion on rea sons why the un - 
co op er a tive cen ters pro vided so few data, but we can not ex clude that 
it was re lated to base line (or out come) pa tien t's char ac ter is tics. Thus, 
rather than us ing only pa tients for which in for ma tion was avail able, 
we as sumed that in for ma tion was un re li able for all sub jects in that 
cen ter, and, with the agree ment of the IDMC, we de cided to re move 
the whole cen ter from all analy ses. It was agreed that a bound ary of 
25% was low enough to still per mit the par tic i pa tion of a suf fi cient 
num ber of pa tients. 

All other pa tients are in cluded in pri mary ITT analy ses and fre - 
quency dis tri b u tions of miss ing data will be re ported for all vari ables 
as sessed in the trial. 
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4. 6 . Safety analysis 

All safety analy ses will be con ducted on the safety phase 2 pop u la - 
tion and safety val i da tion pop u la tion. In terms of safety, treat ment 
emer gent AEs and SAEs will be sum ma rized with all safety data avail - 
able. No for mal hy poth e sis test ing is planned. 

4. 7 . Ethics 

TO CIVID - 19 trial is a no - profit study pro moted by the Na tional 
Can cer In sti tute of Napoli. The TO CIVID - 19 pro to col was first ap - 
proved by the Na tional Eth i cal Com mit tee at the Laz zaro Spal lan zani 
In sti tute on March 18th, 2020 [ 14 ]. Two amend ments fol lowed on 
March 24th, 2020 and April 28th, 2020: the March 24th amend ment 
mainly ad dressed the prob lems raised by the very fast en rol ment and 
drug short age, while the sec ond one es sen tially mod i fied sta tis ti cal 
analy sis, in tro duc ing the 14 - days co - primary end point and defin ing 
the ef fi cacy pop u la tions for ITT analy ses. 
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