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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

strategies in the same scenario.

We collected data from patients treated with
nivolumab at Mauriziano Umberto | 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, witha 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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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
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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 Il 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
(RCQ) (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 ltaliana 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-

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.

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.

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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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 80kg
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 | 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 | 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 |
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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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 |) and further reduction of
30% from € 5,39 to € 3,77 (scenario Il). 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 € 2.026,3in 2019 and
€ 1.403,8 in 2020. We then assumed two additional
scenarios: scenario Ill 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

PATIENTS
- CHARACTERIsTICs | N PTS (%)

Male 24 (73)
PERFORMANCE e sy
STATUS ECOG 1 20 (60)
ECOG 2 4(12)
NSCLC 19 (58)
HISTOLOGY RCC 6 (18)
SCCHN 8 (24)
Locally advanced 9(27)
S Metastatic disease 24 (73)
Average weight 69,5 kg
>80 kg 6 (18)
IR <80-> 60 kg 17 (53)
<60 kg 10 (30)
As 2" |ine 25 (76)
NIVOLUMAB  pyNaeeies 7(21)

Table 1. Baseline patients’ characteristics.

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 Il). This cost analysis
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A% AN NIVOLUMAB EXPENSE
(VS REAL SCENARIO) (VS REAL SCENARIO) 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 =

'
N
—_
~

HYBRID STRATEGY

Table Il. Nivolumab expense data.

A%
(VS REAL SCENARIO)

REAL SCENARIO -

FLAT DOSE STRATEGY +4%
BODY WEIGHT-BASED 83%
STRATEGY
HYBRID STRATEGY -11%

Table I1I. Nivolumab expense data (without waste optimization).

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
thereal 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 | 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

o))
o

-€1.960.803,19

-€2.549.044,15

+ € 876.333,76

-€1.818.392,55

-€2.409.917,83

€ 19.825.898,93

€ 19.237.657,97

NIVOLUMAB EXPENSE
DATA + WASTE COST
IN 1000 PATIENTS

AN
(VS REAL SCENARIO)

€21.908.343,94

€22.784.677,70

€ 20.089.951,39

€19.498.426,11

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 Ill). 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-
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HYBRID STRATEGY SAVING CURRENT PRICE
IN 1000 PATIENTS 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.

[)
A% AN

(COMPARED TO
REAL SCENARIO)

(COMPARED
TO REAL
SCENARIO)

REAL
SCENARIO [ .

FLAT
DOSE
STRATEGY

+4,5% +€687.173,55

BODY
WEIGHT-
BASED
STRATEGY

HYBRID .
STRATEGY [LUCRA

-9% -€1.374.347,10

-€1.771.380,71

NIVOLUMAB
EXPENSE DATA
(SCENARIO 1)
IN 1000 PATIENTS

€15.270.523,33

€ 15.957.696,88

€13.896.176,23

€ 13.499.142,63

NIVOLUMAB
EXPENSE DATA
(SCENARIO II)

IN 1000
PATIENTS

A%
(COMPARED
TO REAL
SCENARIO)

(COM PARED
TO REAL
SCENARIO)

€10.680.866,97

+4,5% +€480.639,01 €11.161.505,98

-9% -€961.278,03 €9.719.588,94

-€

- 9
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.

tients, confirming the aforementioned result (table
I). 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 | 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 |, 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 Il (€ 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
[l and an increase of 5% in scenario IV (table VI).
In both scenarios Il and IV, hybrid strategy was
the most convenient. For instance, it reduced the
spending of 8,9% in scenario lll, 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
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A%

(SCENARIO IlI)
IN 1000
PATIENTS

REAL ) )
SCENARIO

NIVOLUMAB
EXPENSE DATA AN

+ 5% OF BODY WEIGHT - 5% OF BODY WEIGHT
AN
(c.?gﬂ:EA:fD (COMPARED TO
SCENARIO) REAL SCENARIO)

€21.991.302,73 - -

NIVOLUMAB
EXPENSE DATA
(SCENARIO 1V)

IN 1000
PATIENTS

A%
(COMPARED

TO REAL (COMPARED TO

REAL SCENARIO)

SCENARIO)

€21.641.058,18

FLAT DOSE + €
+3,7% +€813.67820 €22.804.980,93 +54% | ies6i744  €22:80967532
BODY
WEIGHT- . .
e - 5 o -€1.099.56514 €20.891.737,59 -12,8% -€2.770.05545 € 18.871.002,73
STRATEGY
HYBRID  Sp gy -€1957.22594 €20.034.076,78 - 14,8% -€3202.876,61 €18.438.181,57
STRATEGY [IEREE ,8%

Table VI. Nivolumab expense data, with 2 different hypotheses of mean patients’ body weight.

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
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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-
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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 | 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 thisissue: 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-
icimpact 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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