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Abstract
Objective
Switching to a different mechanism of action in rheumatoid arthritis (RA) patients after a first anti-TNF-a has proved
to be effective. The objective of this study was a health economic assessment in Italy.

Methods
The study was conducted using a pharmacoeconomic model with a 3-year time horizon. Effectiveness was measured as
days gained in low disease activity (LDA; DAS28-ESR <3.2) or in remission (DAS28-ESR <2.6). The model simulated
the response to treatments, based on the Rotation Or Change (ROC) trial, the probability of discontinuation and switch
to a 3rd-line biologic, and the transition to death. Time on treatment curves for 2nd-line biologics were derived from
published Italian real-word data. Costs were estimated based on published sources and Italian prices and tariffs.

Results
The switch to tocilizumab after the failure of a first anti-TNF-a was more effective than a second anti-TNF-a., in terms of
days in remission (224 vs. 114 days) and of days in LDA (345 vs. 193 days). The cost-consequence ratio with tocilizumab
ivwas 174 euros/day in remission and 113 euros/day in LDA. With tocilizumab sc the ratio was 181 euros/day in remission
and 117 euros/day in LDA. The same ratios for the anti-TNF-a. treatments ranged from 233 to Euro 320 euros per day in
remission and from 138 to 190 euros per day in LDA.

Conclusion
The switch to a different mechanism of action, namely tocilizumab, after the failure of a first anti-TNF-o. agent seems a
rational strategy for RA patients in the Italian setting.
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Introduction

About a third of patients with rheuma-
toid arthritis (RA) who are receiving a
tumour necrosis factor o inhibitor (anti-
TNF-0) as a first biologic treatment,
presents persistent disease and/or insuf-
ficient response (1). Cycling to a second
anti-TNF-a agent, after the failure of a
first, may be a reasonable approach, as,
in line of principle, the lack of efficacy
of one anti-TNF-a drug does not pre-
clude the potential efficacy of another
(2, 3). However, some retrospective
observational studies were published in
the recent literature (4-7) and showed
that the switch to a different mechanism
of action after the failure of a first anti-
TNF-o may be a more effective strat-
egy. Recently, the Rotation or Change
(ROC) trial added to this evidence base
(8). The ROC trial was a 52-week prag-
matic, multicentre, open-label, parallel-
group, randomised clinical trial with
a superiority design. Patients with in-
sufficient response to an anti-TNF-a
were randomly assigned in a 1:1 ratio
to receive a non-TNF biologic or a sec-
ond anti-TNF-o agent. The main end-
point was good or moderate EULAR
response. Other outcomes were rates
of low disease activity (LDA), defined
as the 28 joints-erythrocyte sedimenta-
tion rate (DAS28-ESR) lower than 3.2,
and remission, defined as DAS28-ESR
<2.6.

The cost-effectiveness analysis is gen-
erally considered the gold standard to
compare the clinical and economic pro-
file of different treatment alternatives.
In this analysis the benefits are nor-
mally measured as life-years or quality-
adjusted life-years gained (QALY). To
obtain such as measurements it is gen-
erally necessary to extend the analysis
to a lifetime time horizon. A variant
of the cost-effectiveness is one type
of analysis that estimates the benefit
of treatments in terms of more natural
and disease-specific outcomes. This is
often referred to as cost-consequence
analysis. The cost-consequence analy-
sis is not suitable to inform reimburse-
ment decision, due to the non-transfer-
ability of the measured benefits across
different therapeutic areas and the
consequent impossibility to define ac-
ceptability thresholds. However, the

cost-consequence analysis may be use-
ful to explore the economic profiles of
treatments being compared in a clinical
trial. In this case the cost-consequence
approach allows the direct use of the
outcomes being measured in the trial,
without the need to do the complex ex-
trapolations over a longer time horizon
that a full cost-effectiveness analysis
would require.

Tocilizumab is a humanised antihuman
monoclonal antibody directed against
the a subunit of the receptor for inter-
leukin-6. Tocilizumab was shown to
be effective in the treatment of patients
with RA either as monotherapy or in
combination with methotrexate (9, 10).
The objective of this study was the cost-
consequence analysis to compare the
switch to tocilizumab after the failure
of a first anti-TNF-a to a second anti-
TNF-a in Italian RA patients, based on
the results of the ROC study.

Methods

The study was conducted through a
pharmacoeconomic simulation model
in the perspective of the Italian health-
care system. The model was developed
in MS Excel (Microsoft Corporation,
Redmond, WA) as a Markov model
with 6-month cycles and a 3-year time
horizon.

Model design

The model allowed the simulation of
the response to treatment, assessed
with the DAS28-ESR score, of the pos-
sibility of interrupting the second bio-
logic line of treatment and consequent
switch to a third line, and of the mortal-
ity as a function of disease severity.
The outcomes of the analysis were the
average number of days spent in LDA
or remission status, within the time
frame of the simulation, along with
the total costs associated. The concep-
tual schema of the model is reported
in Figure 1. The model was defined
in 6 health states given by the combi-
nation of the disease activity (i.e. Re-
mission, defined as DAS28-ESR <2.6;
Low Disease Activity — LDA, defined
as DAS28-ESR <3.2; Medium to High
Disease Activity — MHDA, defined as
DAS28-ESR =3.2) and of the line of
treatment (i.e. 2" or 3" biologic line).

Clinical and Experimental Rheumatology 2018



Tocilizumab after a first anti-TNF-o. / S. Iannazzo et al.

Non-TNF biologic

Remission
Discontinuatipi

3rd-line biologic

Remission

Second anti-TNF

Remission

3rd-line biologic

Remission

Fig. 1. Conceptual schema of the pharmacoeconomic model. The transition to death is possible from
every state and is not represented. Remission is defined as DAS28-ESR <2.6; Low Disease Activity
(LDA) is defined as DAS28-ESR <3.2; Moderate to High Disease Activity is defined as DAS28-ESR
>3.2; DAS28-ESR: 28 joints-erythrocyte sedimentation rate.

Table I. Response rates at 6 and 12 months in the Rotation or Change (ROC) trial (8).

Non-TNF-o. group (n=146)

Second anti-TNF-o group (n=146)

n. assessed n.inresponse (%) n.assessed n.in response (%)
Low Disease Activity (DAS28-ESR <3.2)
6 months 139 62 (45%) 140 39 (28%)
12 months 130 53 (41%) 133 31 (23%)
Remission (DAS28-ESR <2.6)
6 months 139 38 (27%) 140 26 (19%)
12 months 130 35 (27%) 133 18 (14%)

DAS28-ESR: 28 joints-erythrocyte sedimentation rate.

Additionally, the model included the
dead state.

Clinical inputs

In the first two cycles of the simulation,
corresponding to 6 and 12 months, we
applied the rates of response, as result-
ing from the ROC trial (Table I). For
subsequent cycles, we assumed that
response rates reached at the end of
month 12 were maintained until inter-
ruption of treatment, death or end of
simulation, whatever came first. This
assumption is directly based on the evi-
dence of the substantial stability of the
mean DAS28-ESR achieved in both
arms of the ROC trial after 24 weeks.
We simulated the duration of treatment
based on the findings of real-world evi-
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dences available in the literature. Sev-
eral studies are available, reporting the
duration of biologic treatments after the
failure of a first anti-TNF-a (4, 5, 11-
13). Among these we selected the study
from Favalli et al. because it enrolled
201 Italian RA patients and followed
them for 4 years (11). The Kaplan-Mei-
er curves of survival on treatments for
the non-TNF-a group and the second
anti-TNF-o group were obtained from
the original publication and digitised
with the software Plot Digitizer. We
applied a parametric survival analysis
approach with 5 different models (Ex-
ponential, Weibull, Gompertz, Log-
normal and Log-logistic), to estimate
functions usable to extrapolate survival
on treatment data within the model.

This method is a standard approach in
health economic modelling of survival
data (14). After the estimation of the
goodness of the fit and of the plausi-
bility of the extrapolated portions of
the different functions, the Gompertz
model was chosen (Fig. 2).

We assumed that after the discontinu-
ation of the 2™ line biologic the ben-
efit (i.e. the response level reached) is
lost and that all patients subsequently
receive rituximab in association with
methotrexate. Response rates for rituxi-
mab in 3% line were based on the RE-
FLEX study (i.e. Remission at 6 months
9%; LDA at 6 months 9%) (15).

We estimated the probability of death
at each cycle of the simulation based
on the mortality of the general Italian
population by age and sex (16) and
the standardised mortality ratio (SMR)
characteristic of RA. This is derived
from a large retrospective observational
study which followed 1,015 RA pa-
tients from 2002 to 2009 in the US (17).

Cost inputs

For this analysis, we adopted the cost
perspective of the Italian Healthcare
System and consequently only direct
medical costs were taken into account.
More in detail we considered the fol-
lowing cost categories: acquisition of
treatments, administration, co-medica-
tions, routine management costs as a
function of disease activity. All costs
were estimated as of March 2017.

We calculated acquisition costs of bio-
logic drugs based on ex-manufacturer
prices (18) and prescribed doses (as
reported in their respective Summary
of Product Characteristics — SPCs)
(19-24) (Table II). The dose of toci-
lizumab iv was estimated consider-
ing the average body weight of 66 kg
(25). For infliximab it was assumed an
average dose of 3.57 mg/kg (26). For
biosimilar products it was considered
the same dosage of the originators. We
based the estimation of the unit costs
of an intravenous administration (Euro
11.62) on a previously published Ital-
ian cost analysis (27). In line with the
same analysis we assumed no cost for a
subcutaneous administration (27). Ad-
ditionally, we considered monitoring
costs associated with the administra-
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Fig. 2. Parametric survival analysis on the time on treatment data from Favalli et al. (11). The Gompertz model was selected based on the goodness of the
fit and on the plausibility of the extrapolated portion of curves.

Table II. Per cycle (6-months) costs of the biologic drugs considered in the analysis.

Biologic Dose Admin frequency Cost per cycle Sources
(Euro/6 months)

Tocilizumab ev 8 mg/kg Once every 4 weeks 6,415.02 (18,19,25)

Tocilizumab sc 162 mg Once a week 6,81041 (18,19)

Adalimumab 40 mg Once every 2 weeks 6,289.95 (18,19)

Certolizumab — Ist cycle 400myg first 3 injections;

200 mg thereafter Once every 2 weeks 7,384.95 (18.21)

Certolizumab - cycles 2+ 200mg Once every 2 weeks 6,004.12 (18,21)

Etanercept 50mg Once a week 6,007.25 (18,22)

Etanercept biosimilar Same as the originator Same as the originator 4,102.54 (18)

Golimumab 100mg Once a month 6,265.14 (18,23)

Infliximab — Ist cycle 3.57 mg/kg First infusions after 2 and 6 weeks; once every 5,163.24 (18,24-26)
7 weeks thereafter

Infliximab — cycles 2+ 3.57 mg/kg Once every 7 weeks 3951.54 (18,24-26)

Infliximab biosimilar — 1st cycle Same as the originator Same as the originator 3,872.43 (18)

Infliximab biosimilar - cycles 2+ Same as the originator Same as the originator 2.963.66 (18)

Table III. Healthcare resources consumption in RA patients by disease activity, derived from Beresniak et al. (34).

Resource DAS?28 remission

DAS28 LDA

DAS28 MHDA

Rheumatologist visits
6-month periods

1-6 in first 6-month; 1-3 in following

6-month periods

1-6 in first 6-month; 1-4 in following

1-6 every 6 months

Other specialist visits

60-70% 1 visit per year

60-70% 1 visit per year

60-70% 1-3 visit per year

Laboratory tests (blood)
6-month periods

1-6 in first 6-month; 1-3 in following

6-month periods

2-6 in first 6-month; 1-4 in following

2-6 every 6 months

Radiographs (hands and feet) 1-4 over 2 years

1-2 over 2 years in first 6-month; 1-4 in
following 6-month periods

1-2 every 6 months

Radiographs (main joints) -

1 per year

Hospitalisation

0-10% hospitalised over 6 months

0-15% hospitalised over 6 months

5-25% hospitalised over 6 months

tion of tocilizumab, with the frequen-
cies recommended in its SPC (ALT
and AST: every 4-8 weeks in the first
6 months, and every 12 weeks subse-
quently; neutrophils and platelet count:
every 4-8 weeks; lipid parameters:
every 4-8 weeks) (19). Unit costs of
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these exams were derived from off-
patient reimbursement tariffs (28).

Several Italian studies in the literature
analysed the cost of managing patients
with RA, however, none of them strati-
fied this cost by disease activity (27,
29-33). In absence of Italian data, we

considered a French study, that as-
sessed the average healthcare resources
consumption by disease activity, based
on clinical guidelines and the opinion
of clinical experts (34). The healthcare
resources consumption from Beresniak
et al. is reported in Table III. In the base

Clinical and Experimental Rheumatology 2018
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case analysis we used the central value
of the range for each resource. The low-
er and upper bounds of the ranges were
used to inform the sensitivity analysis.

Analysis

In the base case analysis we compared
the cost-consequence ratios, i.e. the
cost per day in remission and the cost
per day in LDA, obtained with each
treatment alternative. The incremental
analysis was also undertaken. More
specifically we calculated the incre-
mental cost-consequence ratio of toci-
lizumab as compared to the most con-
venient treatment in the anti-TNF-a
group. This incremental ratio has no di-
rect meaning, but we used it to measure
the amplitude of the displacement from
the base case result produced in the
one-way sensitivity analysis (OWSA).
In such a sensitivity analysis all the in-
put parameters are varied one at a time
within their uncertainty range, and the
impact on the final result is recorded.
We derived the information on the un-
certainty range from the original litera-
ture sources, with the min-max range,
the 95%CI or the standard error of the
mean being used in most cases. In all
the cases where this information was
not available we adopted the working
assumption of a standard error equal-
ing to the 10% of the mean, from which
the uncertainty range was derived.

Results

In the base case analysis tocilizumab
was more effective than anti-TNF-a,
both in terms of days in remission (224
days with tocilizumab vs. 114 days with
anti-TNF-0) and of days in LDA (345
days with tocilizumab vs. 193 days with
anti-TNF-a) (Table 1V). Total costs in
the two tocilizumab arms were higher
than those resulting from the anti-
TNF-a (Euro 38,948 and Euro 40,374
for tocilizumab iv and sc vs. Euro
26,621-36,565 for the anti-TNF-a).
The cost increase, due to the higher ac-
quisition cost, was only marginally dis-
placed by the savings in co-medications
and management of patients (Table V).
The cost-consequence ratios of tocili-
zumab iv was Euro 174.3/day in remis-
sion and Euro 112.8/day in LDA. The
same values were Euro 180.7/day in re-
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Table IV. Base case results of the cos-effectiveness analysis.

Days in Days in Costs Cost/day in Cost/day in

remission LDA (Euro) remission LDA
Tocilizumab ev 2235 3453 38,948 174.3 112.8
Tocilizumab sc 223.5 3453 40,374 180.7 1169
Adalimumab 1143 192.7 36,293 3174 188.3
Certolizumab 1143 192.7 36,565 319.8 189.7
Etanercept 1143 192.7 35,394 309.5 183.6
Etanercept biosimilar 1143 192.7 29,336 256.6 152.2
Golimumab 1143 192.7 36,214 316.7 187.9
Infliximab 1143 192.7 30,022 262.6 1558
Infliximab biosimilar 1143 192.7 26,621 232.8 138.1
Table V. Break-down of costs in the base case analysis.

Biologics Co-medications Administration ~Management Total

Tocilizumab ev 35,617 804 371 2,155 38,948
Tocilizumab sc 37,382 804 32 2,155 40,374
Adalimumab 33,396 885 62 1,950 36,293
Certolizumab 33,668 885 62 1,950 36,565
Etanercept 32,497 885 62 1,950 35,394
Etanercept biosimilar 26,439 885 62 1,950 29,336
Golimumab 33317 885 62 1,950 36,214
Infliximab 26,995 885 193 1,950 30,022
Infliximab biosimilar 23,594 885 193 1,950 26,621

mission and Euro 116.9/day in LDA for
tocilizumab sc. These ratios were lower
than those related to anti-TNF-a com-
parators (Table IV). For the purpose
of the OWSA we performed the incre-
mental analysis comparing tocilizumab
iv with the most convenient among the
anti-TNF-a, i.e. infliximab biosimilar.
We developed the OWSA for this spe-
cific case, to assess the general stability
of the model and the reliability of the
entire set of results produced. The in-
cremental cost-consequence ratio of the
comparison tocilizumab iv versus inf-
liximab biosimilar was Euro 112.97/day
in remission gained and Euro 80.78/day
in LDA gained. The OWSA was run on
the first of these two results to identify
the parameters that were most influenc-
ing the results and to assess the dis-
placement produced from the base case.
Figure 3 shows the result of the OWSA
in the form of a tornado diagram, where
parameters are sorted in order of their
impact. The parameters that most im-
pacted on results were the cost of
biologics and the response rates at 12
months. Overall the model showed a
good stability, with relatively small dis-
placements from the base case value of
the incremental cost-consequence ratio.

Discussion and conclusions

The aim of this study was to explore
the economic implications of differ-
ent treatment strategies in rtheumatoid
arthritis patients who have failed a
first line of biological treatment with
an anti-TNF-a in the Italian setting.
Several evidences are available in the
literature, and among them, probably
the most relevant published in the re-
cent past was the ROC trial. Following
the design of this study we assessed
the cost-consequence ratios of a choice
of possible second anti-TNF-a and
compared it with a drug based on dif-
ferent mechanism of action, namely
tocilizumab. The results of our study
showed that the choice of tocilizumab
may be rational from the pharmacoeco-
nomic point of view.

The ROC trial was an important piece
of evidence in the rheumatic clinical
literature, however there are some crit-
ical points associated with its design.
These critical points affect in turn our
economic analysis. While we acknowl-
edge this, we still believe that the ROC
trial is the best evidence currently
available. One of such elements is the
clinical index used to define response
to the treatments, namely the DAS28-
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Fig. 3. Tornado diagram reporting the results of the one-way sensitivity analysis (OWSA). The input parameters are sorted by impact produced on the
result of the analysis. The base case incremental cost-consequence ratio of the comparison tocilizumab iv vs. infliximab biosimilar was Euro 112.97/day in

remission gained.

ESR score. We acknowledge the long-
going debate on the use of this score
in RA and the criticism that was raised
in some instances. Moreover, the most
recent clinical guidelines now recom-
mend the use of composite indexes to
measure responses such as, for instance
the SDAI score. However, this type of
scores was not used in the ROC trial.
Another limit linked to the design of
the ROC trial is the pooling of different
treatments into the two trial’s compara-
tors, i.e. the second anti-TNF-a and the
non-TNF-a groups. Patients in the first
group received adalimumab (39%),
certolizumab (16%), etanercept (36%)
and infliximab (5%), while patients in
the second group received abatacept
(23%), rituximab (28%), and tocili-
zumab (48%). The implicit assumption
in this design is that anti-TNF-a drugs
and biologic drugs based on a differ-
ent mechanism of action have the same
efficacy profile, which is debated in
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the literature with the presence of con-
flicting evidences in favour or against
this hypothesis. However, another ran-
domised clinical study, i.e. the recent
EXXELERATE head-to-head trial,
which assessed the effectiveness of
certolizumab pegol and adalimumab,
seems to be in support of this assump-
tion (35).

Another point of discussion is related
to the estimation of costs, where we
added monitoring and exams associ-
ated with the administration of toci-
lizumab (i.e. ALT and AST testing,
blood exams and lipid parameters con-
trol). This should be regarded as a con-
servative assumption, because, in our
experience these exams are routinely
executed with all treatments, regard-
less the fact that they are explicitly rec-
ommended only in tocilizumab SPC.
Another consideration is related to the
choice of rituximab as a third biologic
line. Rituximab response data were de-

rived from the REFLEX study, which
enrolled 2™ line as well as 3™ or more
line patients (about 40% of the enrolled
patients received two or more biologics
before rituximab). Adopting this input
data we thus implicitly assumed that
with this drug response rates are simi-
lar across all lines of treatment. How-
ever, this assumption was necessary,
because no data are available in 3 line
only. It should also be noted that the as-
sumption of rituximab in third line is
not introducing a bias in the analysis,
as demonstrated by the OWSA where
rituximab-related input parameters do
not rank among those producing the
highest impact. A final remark is to be
done on the generalisability of the find-
ings of this study to contexts different
from the Italian setting. The analysis is
based on clinical data that have a gen-
eral validity. However the economic
section of the analysis makes large use
of unit costs that are specific of the
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Italian setting. It is generally acknowl-
edged that this is a general limit of all
economic evaluations because of local
unit costs and treatment patterns that
can greatly vary from country to coun-
try. Thus we believe that the findings
of our study are only limitedly transfer-
rable to another setting.

In

conclusion, our study is showing

that, on the basis of the findings of the
ROC trial and within the limits of the
available evidence, the switch to a drug
characterised by a different mechanism
of action, namely tocilizumab, after the
failure of a first anti-TNF-o may be
considered an effective and cost-effec-
tive strategy in RA in Italy.
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