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Abstract

Objectives: Modern treatment of autoimmune diseases is becoming increasingly widely used. We 
owe it to the continuous and rapid development of biotechnology, molecular biology, immunology, 
and biochemistry. The proven effectiveness of biological therapy in rheumatoid arthritis (RA) should 
result in its widespread use. At present, only about 1% of patients with RA have access to biological 
therapy in Poland.
Material and methods: The study material was retrospectively collected in the Rheumatology and 
Systemic Tissue Diseases Clinic and Rheumatology Outpatient Clinic in dr Jan Biziel University Hos-
pital No. 2 in Bydgoszcz 2009–2014. Patients were divided into 3 groups: patient receiving inflix-
imab, etanercept and adalimumab.
Results: The study involved analyses of cost effectiveness. The time horizon of patient documenta-
tion analysis ranged from the time a patient was enrolled to infliximab, etanercept or adalimumab 
therapy until remission of the disease. The majority of patients achieved remission in the case of 
adalimumab treatment (85.29%), followed by etanercept (74.07%), then infliximab (37.21%). Taking 
into account the DAS28 parameter, analysis was performed using medical costs of the analyzed 
treatment regimens. For this purpose, the incremental cost-effectiveness ratio (ICER) was calcu-
lated. According to the analysis, obtaining one DAS28 unit, replacing infliximab with etanercept, 
would cost PLN 40 964 67. Higher costs would be required in the case of replacement of inflix-
imab with adalimumab – PLN 43 076 08. Obtaining one additional DAS28 unit (in this case, a de-
crease in DAS28 by one unit) by introducing adalimumab instead of etanercept would amount to  
PLN 45 409 74.
Conclusions: Undoubtedly, the pharmacoeconomic analysis makes it easier to decide on the appro-
priate treatment. Therefore, its implementation should be a widely used solution not only for RA, 
but also for other diseases. Health care and other entities’ systems should also be improved in such 
a way that the data needed for pharmacoeconomic analysis are fully available.

Key words: rheumatology, rheumatoid arthritis, effectiveness of treatment of rheumatoid arthritis, 
pharmacoeconomic evaluation, biological treatment.

Introduction
Modern therapeutic treatment of autoimmune dis-

eases is becoming increasingly widely used. We owe it to 
the continuous and rapid development of biotechnology, 
molecular biology, immunology, and biochemistry. The 

introduction of biological therapy in rheumatoid arthri-
tis (RA) was a breakthrough in the standard approach to 
the treatment of this disease. Although the RA patho-
genesis is still not fully understood, intercellular mecha-
nisms, the role of individual cells, and proinflammatory 
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cytokines, responsible for the persistence of high dis-
ease activity, have been identified. The introduction of 
medications from the group of TNF-α inhibitors turned 
out to be a proverbial milestone. These are low molec-
ular weight proteins produced by genetic engineering, 
which, among other properties, have anti-inflammato-
ry effects on the receptors, proinflammatory cytokines, 
and inflammatory cells. In most patients, their use in 
the treatment of RA results in a rapid therapeutic effect 
in the form of lowering disease activity and improving 
functional status. The causal treatment of RA is not cur-
rently available, but the recommended solution is ther-
apy individualization and a systematic health assess-
ment, preceded by an early and correct diagnosis. 

Scientific evidence of biological therapy in RA should 
result in its widespread use. At present, only about 1% 
of patients with RA have access to biological therapy in 
Poland [1–3]. We are far behind leading countries such 
as Sweden, Germany or England, where the level is over 
20% [2]. The paper evaluates the effectiveness of biolog-
ical therapy with three selected medications: infliximab, 
etanercept, and adalimumab. 

Material and methods

The study material was retrospectively collected in 
the Rheumatology and Systemic Tissue Diseases Clin-
ic and Rheumatology Outpatient Clinic in dr Jan Biziel 
University Hospital No. 2 in Bydgoszcz, CM, Nicolaus Co-
pernicus University in Toruń, in the years of 2009–2014. 
Data are based on the records of patients with rheuma-
toid arthritis diagnosed according to the 1987 ACR cri-
teria, who were treated with etanercept, infliximab, and 
adalimumab. For the analysis, 104 patients were enrolled.

Patients were divided into 3 groups:
1. Patients receiving infliximab (INF) were a group of 

43 persons (30 women and 13 men) aged 27 to 71 
years (average age was 47 years). At the time of initi-
ation of biological therapy, men had RA for an average 
of 6.5 years, women for 9 years.

2. Patients receiving etanercept (ETA) were a group of 
27 persons (24 women and 3 men) aged 20 to 60 years 
(average age was 51 years). At the time of initiation 
of biological therapy, men had RA for an average of 
13 years, women for 12 years.

3. Patients receiving adalimumab (ADA) were a group 
of 34 persons (23 women and 11 men) aged 25 to 
77 years (average age was 54 years). At the time of 
initiation of biological therapy, men had RA for an av-
erage of 4.5 years, women for 8 years.

Patients have received medications under the Na-
tional Health Fund (Narodowy Fundusz Zdrowia, NFZ) 
therapeutic programs. Each patient included in the 

medication program had to meet appropriate criteria for 
inclusion and exclusion set by the National Health Fund.

Patients treated with infliximab received doses rang-
ing from 150 mg to 300 mg. Patients took infliximab in 
weeks 0, 2, 6 and then every 8 weeks. The medication 
was used in combination with methotrexate (adminis-
tered at doses of 15 mg to 25 mg once a week). Infliximab 
was administered as an intravenous infusion. Each inflix-
imab vial, containing 100 mg of the product, was before 
infusion dissolved in 10 ml of water for injections and 
then an appropriate content was transferred to a 0.9% 
sodium chloride solution of 250 ml volume. On the day 
of administration, patients were admitted to the clinic 
in the morning. Prior to each administration, laborato-
ry tests were performed and the number of painful and 
swollen joints and the subjective assessment of pain and 
severity of patient disease activity were determined. Fol-
lowing patient observation for potential infusion-related 
side effects, the patient left the hospital. In patients with 
no improvement or no response to the treatment with 
infliximab, the treatment was changed to another TNF-α 
inhibitor: etanercept or adalimumab, or to rituximab, ac-
cording to National Health Fund guidelines.

Patients treated with etanercept received it subcu-
taneously at a dose of 50 mg weekly. The medication 
was administered in combination with methotrexate 
(administered at doses of 15 mg to 25 mg once a week). 
Patients were referred for monthly check-ups to the 
Rheumatology Outpatient Clinic.

Patients treated with adalimumab received it sub-
cutaneously at the dose of 40 mg every two weeks. 
The medication was administered in combination with 
methotrexate (administered at doses of 15 mg to 25 mg 
once a week), or as monotherapy. Patients were referred 
for monthly check-ups to the Rheumatology Outpatient 
Clinic.

The study uses analyses of cost effectiveness. The 
study was conducted in accordance with the Good Phar-
macoeconomic Practice guidelines. The effectiveness of 
RA therapy was compared using three alternative bio-
logical medications: infliximab, etanercept, and adali-
mumab. The time horizon of patient documentation 
analysis ranged from the time a patient was enrolled to 
infliximab, etanercept or adalimumab therapy until re-
mission of the disease. For patients who did not achieve 
remission, 24 months were considered for the follow-up 
period. 

The effectiveness of the treatment was determined 
on the basis of the Disease Activity Score and the follow-
ing parameters:
•	 Disease Activity Score 28 (DAS28),
•	 disease activity determined by the doctor using a vi-

sual analogue scale (VAS), 
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•	 disease activity determined by the patient using 
a VAS, 

•	 erythrocyte sedimentation rate (ESR),
•	 C-reactive protein concentration (CRP).

The quality of life was assessed on the basis of the 
completed questionnaire HAQ-DI. The patient had the 
opportunity to mark the answers connected with daily 
activities in 8 domains: dressing up and washing, morn-
ing waking, eating, walking, personal hygiene, lifting, 
grasping, other activities. The answer was scored on 
a scale from 0 to 3, where 0 meant performing the activ-
ity without any difficulty, 1 – with little difficulty, 2 – with 
great difficulty, 3 – impossible to perform. The result is 
the sum of the highest score in each domain, divided by 
the number of domains.

It was also decided to calculate the QALY (quality-ad-
justed life years) parameter, using changes in HAQ val-
ues over time, for individual therapies. This was done 
using statistics and by calculating the area under the 
curve (AUC), to give the QALY value.

Results

There was a significant decrease in VAS values in 
all groups compared. No improvement was observed 
in only two patients treated with adalimumab. Also the 
mean values of VAS according to physicians did not dif-
fer significantly from the values indicated by patients.

The majority of investigated patients achieved re-
mission in the case of adalimumab treatment (85.29%; 
29 of 34 patients), followed by etanercept (74.07%; 20 
of 27 patients), and the fewest patients achieved re-
mission in the case of infliximab (37.21%; 16 of 43 pa-
tients). In all studied treatment regimens, the average 
HAQ-DI value was lowered. The greatest difference was 
in patients treated with infliximab (0.45). According to 
patients who received etanercept, their health improved 
by an average of 0.21 (Fig. 1).

Evaluation of patients receiving adalimumab dif-
fered from the initial one by 0.18. During the two-year 
follow-up period, the best QALY results were obtained 
for infliximab treatment. Patients receiving etanercept 
and adalimumab rated their quality of life to be worse 
(Table I). 

While treating patients in a therapeutic program, 
DAS28, CRP level, and ESR were used to assess disease 
activity. Average values per patient are shown in Table II.

According to the EULAR criteria for DAS28, the major-
ity of patients achieved remission or low disease activi-
ty. The highest percentage of DAS28 ≤ 2.6 was obtained 
with adalimumab treatment – up to 85%. 74% of etaner-
cept-treated patients and 37% of infliximab-treated pa-
tients also achieved remission. Low disease activity was 
reported in 17 patients (40%) treated with infliximab,  
4 (15%) treated with etanercept, and 3 (9%) treated with 
adalimumab. Moderate activity was observed in 23% 
of patients treated with infliximab, 11% treated with 
etanercept, and 6% treated with adalimumab (Fig. 2). 

Table III shows the values that were used to perform 
the incremental analysis in the form of the incremental 
cost–effectiveness ratio.

As treatment with infliximab, according to the ob-
tained results, is a cheaper and more effective method 

Table I. Summary of QALY values according to treat-
ment regimen

Infliximab Etanercept Adalimumab

QALY 1.71 0.74 0.60

Fig. 1. Summary of average HAQ-DI values 
according to treatment regimen.
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Table II. Average values of Disease Activity Score according to treatment regimen

 Infliximab Etanercept Adalimumab

Parameter DAS28 ESR 
(mm/h)

CRP 
(mg/l)

DAS28 ESR 
(mm/h)

CRP 
(mg/l)

DAS28 ESR 
(mm/h)

CRP 
(mg/l)

Initial 6.12 32.21 29.42 6.04 35.52 18.99 6.05 30.68 14.94

Final 2.82 17.21 7.70 2.53 17.56 6.67 2.35 16.99 5.50

Decrease 3.30 15.00 21.72 3.51 17.96 12.32 3.70 13.69 9.44

Percentage (%) 53.92 46.57 73.83 58.11 50.56 64.88 61.16 44.62 63.19

CRP – C-reactive protein; DAS28 – Disease Activity Score 28; ESR – erythrocyte sedimentation rate
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(based on the HAQ-DI and QALY), there is no need for an 
effectiveness analysis. However, taking into account the 
DAS28 parameter, such analysis was performed using 
medical costs of the analyzed treatment regimens. For 
this purpose, the incremental cost-effectiveness ratio 
(ICER) was calculated. According to the analysis, obtain-
ing one DAS28 unit, replacing infliximab with etaner-
cept, would cost PLN 40 964 67. Higher costs would be 
required in the case of replacement of infliximab with 
adalimumab – PLN 43 076 08. Obtaining one addition-
al DAS28 unit by introducing adalimumab instead of 
etanercept would amount to PLN 45 409 74.

Discussion 
In Poland, about 1% of RA patients have access to up-

to-date treatment [1]. Access to biological therapy for RA 
patients in neighboring countries with similar demograph-
ic structure is more than 1% [2]. Among highly developed 
countries in Western Europe, the percentage of patients 
treated with biologic medications is up to 20% (as is the 
case in Sweden, England, and Germany) (Fig. 3) [3]. 

The analysis was performed to compare the effec-
tiveness of the treatment from the perspective of the 
doctor and the patient. It involved 104 patients. Accord-
ing to the subjective assessment of the VAS, both accord-
ing to the patient and the doctor, the greatest difference 
between the initial and the final value was obtained for 
etanercept, followed by infliximab, and adalimumab. 
It should be noted that in all compared groups, a sig-
nificant decrease in VAS value was noted. The second 
parameter, which reflects the patient’s well-being and 
functional capacity, was the HAQ questionnaire. The 
greatest difference was observed in the patients treat-
ed with infliximab. It was more than two times higher 
than in the case of patients receiving etanercept and 
adalimumab. The assessment of disease activity from 
a doctor’s perspective was presented by means of in-
dicators such as DAS28, CRP, or ESR. Among the 104 pa-
tients, most achieved remission or low disease activity 
as defined by the EULAR criteria. The largest proportion 
of patients with remission was in the group treated with 
adalimumab (85.29%), followed by etanercept (74.07%), 
and infliximab (37.21%). 

The study also uses the QALY parameter, which pro-
vides usability as a measure of the benefits of the pro-
cedure – mortality and morbidity – that is, it is the com-
bination of quantitative and qualitative gains. However, 
there are doubts about the appropriateness of QALY as 
a universal benefit measure. Attention was drawn to the 
fact that QALY, as an expression of life years adjusted for 
quality, takes into account both the length of life and the 
quality of the experience, but ignores the distribution of 
the determinant of health in society [4]. A better method 

has not been developed yet, and QALY is still a widely 
used measure in pharmacoeconomic analysis, especial-
ly in terms of cost-effectiveness analysis.

An analysis was performed using the incremental 
cost-effectiveness ratio (ICER). It made it possible to 

Fig. 2. Average DAS28 values according to treat-
ment regimen.
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Fig. 3. Comparison of the number of patients 
(%) with RA on biological treatment in different 
European countries [3].
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Table III. Difference in HAQ-DI, QALY, and improvement 
of DAS28 and direct costs according to treatment regi-
men per patient

 Infliximab Etanercept Adalimumab

Decrease 
of HAQ-DI

0.45 0.21 0.18

QALY 1.71 0.74 0.60

Improvement 
of DAS28

3.30 3.51 3.70

Average medical 
cost per patient

64,263.61 72,866.19 81,494.04

DAS28 – Disease Activity Score 28; HAQ-DI – Health Assessment 
Questionnaire Disability Index; QALY – quality-adjusted life years
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compare the cost-effectiveness of different prepara-
tions. By using this analysis, it is possible to estimate 
how much more a treatment may additionally cost or 
how much could be saved by replacing the current pro-
cedure with an alternative procedure. 

It has already been demonstrated that the action of 
anti-TNF-α biological medications is much more effec-
tive when combined with disease-modifying antirheu-
matic drugs (DMARD) [5–7]. These therapies have pro-
duced very good clinical effects that have been observed 
throughout the world and in this study. 

In the ATTRACT study [8] with low doses of MTX in 
combination with infliximab, approximately 60% of 
patients achieved an ACR20 response in 8–12 weeks. 
Patients had decreased inflammation, improved func-
tional status and quality of life, and reduced destruction 
of joints in the radiological image. This study also com-
pared MTX/placebo treatment to infliximab combined 
with MTX in patients who showed an inadequate re-
sponse to MTX treatment. After one year of therapy, pa-
tients receiving infliximab and MTX showed significantly 
greater improvement in ACR20, ACR50, and ACR70 than 
patients treated with MTX monotherapy. The multi-
center BeST study (Behandel Strategieën) [9] confirmed 
that the administration of infliximab in the early phase 
of RA was associated with a significant reduction in dis-
ease progression, progression of radiological changes, 
and remission of the disease that persisted even after 
discontinuation of treatment. The study also shows that 
infliximab may induce the formation of new T-cell sub-
classes that may renew the synovial membrane immune 
tolerance [9].

The effectiveness of adalimumab has been demon-
strated in many clinical trials. One of the main ones, 
deserving of attention, is the ARMADA phase III study 
comparing the effects of adalimumab and MTX therapy 
with placebo and MTX. Almost 69% of patients achieved 
an ACR20 response, and in many patients it was found 
in radiological images that the progression of joint 
destruction had stopped. The good clinical response 
and effectiveness were maintained during the 4-year 
open-label extension study, even with reduced cortico-
steroid treatment and lowering the MTX dose [10]. Adali-
mumab has also been tested in patients with early RA. 
A better response to ACR 20, 50 and 70 was obtained, 
joint destruction in radiology was decreased, and quali-
ty of life and functional status were improved [10].

Patients treated with 25 mg of etanercept had a re-
sponse at ACR20, ACR50, and ACR70 levels of 62%, 41%, 
and 15%, respectively. This study contributed to the 
registration of etanercept in the indication for RA and 
confirmed the effectiveness of the therapy after failure 
of DMARD treatment [11]. It has also been proven that 

etanercept in combination with MTX produces better re-
sults than MTX or etanercept monotherapy. An example 
is the TEMPO study, where a statistically significant dif-
ference in clinical parameters was achieved, that is, the 
achievement of ACR20, ACR50, and ACR70 responses, 
HAQ, and DAS level [11]. This study also compared the 
effect of treatment on the progression of radiological 
changes in hands and feet. In the majority of patients 
(approximately 80%), in the case of combined treatment 
(etanercept + MTX), no radiographic progression was 
observed after one year [11].

The results of studies conducted on adalimumab, 
etanercept, and infliximab have been collected and 
compared [12]. It appears that the most effective treat-
ment was achieved with adalimumab, followed by 
etanercept, and infliximab. This is evidenced by the 
percentage of responses ACR20, 50, and 70. For compa-
rable treatments, the results are similar to the analysis 
performed in our own study. However, the study uses 
disease activity expressed by DAS28 as an evaluation 
of treatment effectiveness. Evaluation of treatment ac-
tivity by ACR improvement criteria and EULAR response 
criteria (based on DAS28) may differ. It should be noted 
that the ACR criteria are a dichotomous measure, show-
ing improvement or lack of it. The EULAR criteria allow 
for the classification of patients in terms of response to 
treatment, which in the case of the analysis in this paper 
turned out to be a better choice.

The assessment of the quality of life and the physi-
cal activity of the patient was performed using the HAQ 
questionnaire. In our study, it was found that the larg-
est difference in the HAQ level between the initiation 
and end of treatment was achieved for infliximab, then 
etanercept, and adalimumab. The improvement result-
ing from the difference in HAQ values can be observed 
in almost every trial that has tested the effectiveness of 
biological therapy. However, the results of these studies 
are different and depend on many factors. The obtained 
HAQ difference value for infliximab in our study differs 
from the values reported in other studies – 0.45 vs. 
0.10, 0.6 or 0.22 [13–15]. Differences can also be noted 
by comparing the results for adalimumab (0.18 vs. 0.08 
and 0.34) or etanercept (0.21 vs. 0.12 or 0.36) [13]. It is 
true that the initial improvement (significant reduction 
in the HAQ result), resulting from initiation of biologi-
cal therapy, is lost over time. The increase in the HAQ 
value is the greater, the faster the biological treatment 
is stopped. However, this observation does not apply to 
every patient. Sometimes remission lasts for a consider-
able period of time. Nevertheless, it was found that after 
discontinuation of biological therapy, the average HAQ 
result increased by 0.125 [15]. In the discussion, the main 
source of comparisons was foreign articles. Research ar-
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ticles that focus on the population in Poland have not 
been found. Interpreting the HAQ results, also the stage 
of the disease should be taken into account, as both 
the effects of the disease process and its features affect 
physical disability. Nevertheless, it should be noted that 
regardless of the population and stage of the disease, 
the mean difference in HAQ values indicates that from 
the perspective of the patient the improvement has 
been achieved.

Taking into account the quality of life that is funda-
mentally affected by the treatment, it is important to 
consider a parameter that best describes and summariz-
es the results. In the paper, QALY was used as a measure 
of the outcome of a health program that combines the 
quality of life evaluation at the time when patients were 
treated. QALY was calculated based on HAQ-DI results. 
Unfortunately, the National Health Fund health programs 
do not provide patients with the most common quality 
of life questionnaire used for QALY calculation, EQ-5D. 
Therefore, the results obtained cannot be directly com-
pared with others. It is also relevant that the duration of 
patient observation lasted up to 2 years. For this reason, 
not expected lifetime, but the average value of months 
for a given therapy was used to calculate QALY. There-
fore, an indirect analysis was performed, comparing the 
results of QALY with the results of other scientific studies.

The available results are not always unambiguous. 
Although, when analyzing the results of treatment with 
infliximab, etanercept, and adalimumab, we get similar 
QALY values, the order of these results is very different. 
Authors of the publications present different research 
results and different methods. Kaczor and Wójcik in 
their study [16], using the Markov model, obtained QALY 
for infliximab 6.720, etanercept 7.080, and for adalim-
umab 7.153. Wailoo et al. [17] developed a model that 
recalculated the HAQ-DI results to the adjusted years for 
the quality of life. Their results were: infliximab – 7.64, 
etanercept – 7.66, and adalimumab – 7.64. In one of the 
latest publications, Hidalgo-Vega [18] also benefited 
from the Markov model, obtaining QALY for infliximab 
6.318, etanercept 6.462, and for adalimumab 6.430. 
Chen et al. [7] compiled a comprehensive report on 
the cost-effectiveness analysis of biological medica-
tions, especially paying attention to treatment with in-
fliximab, etanercept, and adalimumab. Their model as-
sumed the use of Quality of Life (QoL) results obtained 
directly or through the conversion of HAQ-DI values. 
For this purpose, they used the Birmingham Rheuma-
toid Arthritis Model (BRAM), which allowed for a num-
ber of variations depending on the improvement of the 
HAQ result, mortality, or effectiveness of treatment. In 
every possible compilation, QALY results were ranked in 
the order (from the highest to the lowest): etanercept, 

adalimumab, infliximab. It should be emphasized that 
the results for adalimumab and infliximab were similar 
(differences in the range 0.02–0.04) [7].

The available results seem to be slightly different 
from the results obtained in this study. The obtained 
QALY values fall into a much smaller numerical range. 
However, this is due to the statistical method used and 
the observation time. When considering results in terms 
of the order, we also notice the difference. QALY values 
obtained in our study show the most beneficial thera-
py to be infliximab (1.71), followed by etanercept (0.74), 
and adalimumab (0.60). In the cited scientific works, 
etanercept and adalimumab are best in this respect. It 
should be noted, however, that discrepancies in QALY 
values compared to infliximab are generally in the range 
of hundredths. An important argument is that the data 
on infliximab contained information from patients who, 
after failure of infliximab treatment, were switched to 
adalimumab, etanercept, or rituximab therapy. Never-
theless, the QALY result for infliximab in our study is 
the most favorable. Currently, the study is focusing on 
the comparison of economically advantageous medi-
cations, that is, biosimilar medications. In a population 
demographically similar to the Polish one – the Bulgari-
an population – it was concluded that a medication bio-
similar to infliximab (5.42) had better QALY results than 
adalimumab treatment (5.35) [19]. The observation itself 
covered a period of 10 years.

Conclusions

Undoubtedly, the pharmacoeconomic analysis 
makes it easier to decide on the appropriate treatment. 
Therefore, its implementation should be a widely used 
solution not only for RA, but also for other diseases. 
Health care and other entities’ systems should also be 
improved in such a way that the data needed for phar-
macoeconomic analysis are fully available. Existing 
restrictions impede easy access to the data about full 
direct and indirect costs. This is especially important be-
cause the economic balance is an essential element of 
complete pharmacoeconomic analysis.

The authors declare no conflict of interest. 
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