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Purpose: Biosimilar IFX (CT-P13) received marketing approval in Turkey for treatment of 

rheumatologic diseases, including ankylosing spondylitis, psoriatic arthritis, rheumatoid arthritis 

(RA), inflammatory bowel disease (IBD), and psoriasis. Population data on real-world treatment 

patterns of CT-P13 following marketing approval in European countries are largely unreported. 

This study examined the prescribing and medication utilization patterns of innovator infliximab 

(IFX) and CT-P13 in Turkey for patients with RA or IBD naïve to either IFX.

Materials and methods: Adult patients with ≥1 diagnosis claim for RA or IBD and ≥1 claim 

for IFX or CT-P13 were identified in the Turkish Ministry of Health database during the follow-

ing identification periods: 1 Oct 2014–30 May 2015 (RA) and 1 Oct 2014–31 Dec 2015 (IBD). 

Continuous medical and pharmacy coverage for ≥12 months before and after the date of the first 

dose (index) IFX or CT-P13 was also required. Separate analyses were done for each population.

Results: Seven hundred and seventy nine adult RA and 581 IBD patients met the selection criteria. 

The majority of RA (74%; n=575) and IBD patients (87%; n=504) were initiated on IFX. The 

average study observation period was 16 months for the RA and 12 months for the IBD population. 

Over the observation periods, discontinuation among RA patients occurred in 42% of IFX and 63% 

of CT-P13 while discontinuation in the IBD cohort occurred in 38% of IFX; and 62% of CT-P13.

Conclusion: In this population-based study, more IFX-naïve RA and IBD patients were ini-

tially treated with IFX than CT-P13. Discontinuation and switching were observed more often 

and earlier among patients treated with CT-P13 regardless of disease state. Further studies are 

needed to understand the reasons for these observed differences.

Keywords: discontinuation, switch, inflammatory bowel disease, rheumatoid arthritis

Plain language summary
Infliximab (IFX) is a biologic used in the management of autoimmune diseases, such as 

rheumatoid arthritis (RA), psoriasis, ankylosing spondylitis, and inflammatory bowel diseases 

(IBD) eg, Crohn’s disease and ulcerative colitis. CT-P13 is an IFX biosimilar, designed to have 

active properties similar to IFX. However, few real-world studies have been carried out on 

the prescribing and utilization patterns among patients using CT-P13. This descriptive study 

used the Turkish Ministry of Health database to provide insights into physician prescribing 

patterns and patient utilization of CT-P13 compared with IFX. The study included patients 

diagnosed with RA and IBD who not been previously treated with IFX or CT-P13. Patients 

were sorted into different groups: the IFX and the CT-P13 groups. Although CT-P13 is a bio-

similar to IFX, the study results showed a higher proportion of patients in the CT-P13 group 

discontinued or switched from CT-P13 compared with patients in the IFX group regardless 

of the disease condition.
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Introduction
Infliximab (IFX), a chimeric, monoclonal antibody with high 

affinity for tumor necrosis factor-alpha (TNF-α), neutral-

izes the biological activity of soluble and transmembrane 

TNF-α and inhibits binding of TNF-α with its receptor.1,2 

IFX was first approved in 1998 in the USA for the treatment 

of Crohn’s disease (CD) and received subsequent approvals 

for the treatment of rheumatoid arthritis (RA),3 ankylosing 

spondylitis (AS),4 psoriasis,5 psoriatic arthritis (PsA),6 and 

ulcerative colitis (UC).7 CT-P13, a biosimilar of IFX, was 

approved in 2013 by the European Medicines Agency, and 

most recently by the Food and Drug Administration (FDA) in 

the USA, for use in adult patients with the same conditions 

for which IFX is indicated.8–10

On a molecular basis, CT-P13 is considered biosimilar 

to IFX based on amino acid sequence and physicochemical 

properties. Pharmacokinetics, efficacy and safety of CT-P13 

have been assessed in randomized clinical trials for AS 

(PLANETAS) and RA (PLANETRA).11–13 Post-marketing 

reports of small case series describing experiences with 

CT-P13 in several European countries, predominantly in RA 

and CD, have been presented. These are characterized by 

small sample size, lack of comparator groups, and inconsis-

tent data collection, hence questions remain regarding per-

formance of CT-P13 in a real-world setting.14–22 Real-world 

evidence can provide insights into physician prescribing 

patterns and patient utilization of CT-P13 compared with 

IFX, but rigorous studies require evidence from large num-

bers of patients in countries where both IFX and CT-P13 are 

approved, marketed, and prescribed without restriction of one 

product vs another, and where reliable utilization data can be 

obtained. This study employed the Turkish National Ministry 

of Health database, which covers about 80% of the popula-

tion and has well-documented IFX and CT-P13 utilization. 

We conducted a population-level analysis to describe the 

extent to which physicians prescribe IFX or CT-P13 for IFX-

naïve RA or IBD patients. The study aims were to determine 

whether the characteristics of patients prescribed CT-P13 or 

IFX were similar, and to understand medication utilization 

patterns, including persistency and switching.

Materials and methods
Experimental design and data source
A retrospective, descriptive study of treatment patterns for 

IFX and CT-P13, was conducted in Turkish RA and IBD 

patient populations. The Turkish Ministry of Health data-

base, a nationwide medical information collection system, 

established under the 2007 Health Budget Law, was used for 

this study. The dataset is comprised of pharmacy, inpatient, 

outpatient, and laboratory claims from >17,800 pharmacies, 

5,600 general practitioners, 4,500 medical centers, 1,200 

government hospitals, and 338 private hospitals, covering 

about 80% of the population in Turkey. The data have been 

used in previous research studies.23,24

Patient identification
Adult patients (aged ≥18 years) with continuous medical 

and pharmacy eligibility and ≥1 claim for IFX or CT-P13 

were identified. RA patients were identified using ICD, 10th 

revision, clinical modification (ICD-10-CM) diagnosis codes 

(M05.X or M06.X) during the RA patient identification period 

(1 Oct 2014–30 May 2015), and IBD patients were identified 

with ICD-10-CM diagnosis codes for CD: (K50.X) or UC: 

(K51.X) during the IBD patient identification period (1 Oct 

2014–31 Dec 2015). The identification period began after 

1 Oct 2014 to ensure both IFX and CT-P13 were available 

for prescribing. Identification period length was selected to 

maximize the number of patients observed in a given time 

period. For RA, all patients were studied for at least 12 months 

after the date of their first IFX or CT-P13 dose, and IBD 

patients were studied for at least 6 months. A shorter period 

of follow-up was required for IBD compared to RA patients 

because of the small IBD sample size. The study index date 

was designated as the first claim for IFX or CT-P13 observed 

in the identification period. Patients were excluded if they 

had a prescription claim for IFX or CT-P13 during the 12 

months prior to the index date (baseline period), had a can-

cer diagnosis (ICD-10-CM: C00-D49) during the follow-up 

period, or were pregnant during the study period, as these 

latter 2 conditions were likely to confound treatment patterns. 

Patients in the IBD cohort also required evidence of at least 

1 additional non-biologic IBD-related medication to support 

the diagnosis, such as aminosalicylates (mesalamine, sul-

fasalazine, balsalazide, and olsalazine), immunosuppressants 

(mercaptopurine, azathioprine, methotrexate, tacrolimus, and 

cyclophosphamide), antibiotics (metronidazole and cipro-

floxacin), corticosteroids (prednisone, methylprednisolone, 

budesonide, and hydrocortisone), and anti-diarrheals (loper-

amide and diphenoxylate-atropine) during the baseline period.

Study variables
Patient demographic and clinical characteristics
Demographic and clinical characteristics were evaluated for 

the baseline period and included age, sex, geographic region 

(Aegean, Central Anatolia, Eastern Anatolia, Southeastern 

Anatolia, Black Sea, Marmara, and Mediterranean), Charlson 
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comorbidity index (CCI) score, individual comorbidities 

based on ICD-10-CM codes, prior biologic use, and con-

comitant disease-modifying anti-rheumatic drug use.

Medication prescribing patterns (ie, the proportion of 

eligible patients who initiated IFX or CT-P13) and medication 

utilization patterns (the number of administrations, number of 

vials per administration, time between administrations, and 

measures of persistency, including mean treatment duration 

and the proportion of patients who discontinued, switched 

from IFX to CT-P13, switched from CT-P13 to IFX, or 

remained on IFX or CT-P13) were evaluated. The average 

time to discontinuation was assessed for patients who had 

a confirmed discontinuation. A confirmed discontinuation 

was defined as a direct switch to another biologic medication 

or absence of a claim for the index biologic for at least 120 

days. In this study, the number of days of supply or clinical 

benefit period for 1 dose of IFX or CT-P13 was assumed to 

be 56 days (8 weeks).

statistical analysis
Statistical analyses were conducted with Statistical Analy-

sis System Version 9.3. All study variables were examined 

descriptively. Numbers and percentages were provided for 

dichotomous and polychotomous variables. Means and SDs 

were provided for continuous variables. For dichotomous 

variables, P-values were calculated using the chi-squared 

test, and for continuous variables, independent samples t-tests 

were used to calculate the P-values.

Ethics approval and informed 
consent
Since the data used for this study were de-identified and only 

aggregate results were reported, the study was exempt from 

Institutional Review Board review.

Results
ra cohort
Baseline descriptive and clinical characteristics
A total of 779 adult RA patients met the study selection crite-

ria and were included for analysis. Physicians prescribed IFX 

to 73.8% (n=575) of the study population (IFX cohort) while 

26.2% (n=204) were prescribed CT-P13 (CT-P13 cohort). 

The mean age was not significantly different between the 

cohorts IFX=42 years vs CT-P13=43 years; P=not significant 

[NS]). Over half of the patients were women (IFX=54.1% vs 

CT-P13=58.8%; P=NS). The Marmara region had the great-

est proportion of RA patients and notably is the region with 

the greatest population density.25,26  Geographic  distribution 

of the IFX and CT-P13 populations was also greatest in 

Marmara followed by the Central Anatolia and Mediter-

ranean regions (Table 1).

In the 12 months prior to initiation of either IFX or 

CT-P13, both cohorts demonstrated a mean CCI score of 

1.3. Common comorbidities included gastrointestinal ulcers 

(esophageal, gastric, duodenal, gastrojejunal, and peptic ulcer 

of unspecific site) and gastroesophageal reflux disease, hyper-

tension, and depression. While the defined study population 

was based on a diagnosis code of RA, a sizeable proportion 

of patients also had a diagnosis of AS at baseline (IFX=42.4% 

vs CT-P13=55.9%; P<0.001; Table 1). Diagnoses of psoriasis, 

PsA, or IBD were less often observed.

Use of non-IFX biologics during the baseline period 

were similar in RA patients who initiated IFX or CT-P13 

(IFX=27.8% vs CT-P13=31.4%; P=NS; Table 2). Most patients 

in both cohorts had received non-steroidal anti-inflammatory 

drugs (IFX=88.7% vs CT-P13=93.6%; P=0.044) and cortico-

steroids (IFX=79.0% vs CT-P13=82.8%; P=NS) during the 

baseline period. A higher proportion of patients in the IFX 

cohort had a prescription for azathioprine (IFX=15.3% vs 

CT-P13=7.8%; P=0.007) and a lower proportion had a prescrip-

tion for hydroxychloroquine (IFX=16.9% vs CT-P13=26.0%; 

P=0.005) or sulfasalazine (IFX=31.7% vs CT-P13=50.0%; 

P<0.001) during the baseline period (Table 2).

RA follow-up period
The IFX cohort had 1 month longer average follow-up period 

compared with CT-P13 (IFX=16.5 months vs CT-P13=15.5 

months; P<0.001). There was no significant difference in 

concomitant medication use between the cohorts during the 

follow-up period (Table 3).

Dosing patterns
Patients in the IFX cohort had a significantly higher average 

number of infusions (IFX=5.3 infusions vs CT-P13=4.1; 

P<0.001) and a significantly lower number of vials per 

infusion (VPI) (IFX=4.9 VPI vs CT-P13=5.8; P<0.001). The 

mean number of days between administrations was shorter 

for IFX compared with CT-P13 (IFX=60 days vs CT-P13=67; 

P=0.025). When examined in further detail, there were dif-

ferences in the mean number of days between-the first and 

second infusions (IFX=40 days vs CT-P13=56; P<0.001); 

whereas there were no differences in the mean number of 

days between the second and third infusions (IFX=56 days 

vs CT-P13=61.6; P=NS); nor for the mean number of days 

between the third and fourth infusions (IFX=69.1 days vs 

CT-P13=72.4; P=NS).
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Discontinuation patterns
Mean time to discontinuation for all patients was significantly 

longer in the IFX cohort compared with the CT-P13 cohort 

(IFX=263 days vs CT-P13=207; P<0.001). Additionally, 

the proportion of patients with a confirmed discontinuation 

was significantly lower in the IFX cohort compared with the 

CT-P13 (IFX=42.1% vs CT-P13=62.8%; P<0.001;  Figure 1). 

In the IFX cohort, 27.3% (n=157) had discontinued their 

treatment after the third dose. In the CT-P13, 45.6% (n=93) 

had discontinued after the third dose (P<0.001).

switching patterns
Fewer patients in the IFX cohort switched to another bio-

logic therapy compared with the CT-P13 (IFX=23.5% vs 

CT-P13=35.8%; P<0.001). In the IFX cohort, patients who 

Table 1 Baseline descriptive characteristics for patients with IFX or CT-P13 use

Covariates RA patients (N=779) IBD patients (N=581)

IFX cohort CT-P13 cohort IFX cohort CT-P13 cohort

(N=575) (N=204) (N=504) (N=77)

P-value P-value

Age (years), mean ± sD 42±12.4 43.3±11.8 ns 38.2±13.0 41.4±12.8 0.046
Age group, N (%)
18–30 116 (20.2%) 31 (15.2%) ns 156 (31.0%) 18 (23.4%) ns
31–64 434 (75.5%) 168 (82.4%) 0.044 328 (65.1%) 56 (72.7%) ns
≥65 25 (4.3%) 5 (2.5%) ns 20 (4.0%) 3 (3.9%) ns
Sex, N (%)
Male 264 (45.9%) 84 (41.2%) ns 290 (57.5%) 40 (51.9%) ns
Female 311 (54.1%) 120 (58.8%) ns 214 (42.5%) 37 (48.1%) ns
Geographic region (Turkey), N (%)
east anatolia 39 (6.8%) 17 (8.3%) ns 14 (2.8%) 5 (6.5%) ns
Southeastern Anatolia 50 (8.7%) 15 (7.4%) ns 18 (3.6%) 5 (6.5%) ns
Marmara 242 (42.1%) 61 (29.9%) 0.002 261 (51.8%) 23 (29.95%) <0.001
aegean 48 (8.3%) 16 (7.8%) ns 65 (12.9%) 5 (6.5%) ns
Mediterranean 59 (10.3%) 33 (16.2%) 0.025 50 (9.9%) 11 (14.3%) ns
Black sea 50 (8.7%) 20 (9.8%) ns 27(5.4%) 16 (20.8%) <0.001
central anatolia 87 (15.1%) 42 (20.6%) ns 69 (13.7%) 12 (15.6%) ns
Pre-index comorbidity index, Mean ± sD
Charlson comorbidity index score 1.3±1.1 1.3±1.0 ns 0.7±0.9 0.7±0.8 ns
Individual comorbidities, N (%)
Gastrointestinal ulcer & GERD 157 (27.3%) 56 (27.5%) ns 106 (21.0%) 19 (24.7%) ns
hypertension 135 (23.5%) 54 (26.5%) ns 68 (13.5%) 12 (15.6%) ns
Chronic pulmonary disease 66 (11.5%) 35 (17.2%) 0.038 49 (9.7%) 6 (7.8%) ns
Depression 63 (11.0%) 27 (13.2%) ns 5 (9.9%) 9 (11.7%) ns
Connective tissue disease (without RA) 38 (6.6%) 2 (1.0%) 0.002 57 (11.3%) 15 (19.5%) 0.042
Diabetes mellitus (type 1 & 2) 38 (6.1%) 10 (4.9%) ns 24 (4.8%) 4 (5.2%) ns
Mild liver disease 38 (5.4%) 4 (2.0%) 0.042 49 (9.7%) 4 (5.2%) ns
Proportion of IBD patients, N (%)
Ulcerative colitis (Uc) diagnosis 280 (55.6%) 46 (59.7%) ns
crohn’s disease (cD) diagnosis 335 (66.5%) 41 (53.2%) 0.024
Both diagnoses 124 (24.6%) 12 (15.6%) ns
(UC & CD)

Abbreviations: GERD, gastroesophageal reflux disease; IBD, inflammatory bowel disease; IFX, infliximab; NS, not significant; PSA, psoriatic arthritis; RA, rheumatoid 
arthritis; UC, ulcerative colitis; CD, Crohn’s disease.

switched initially switched to CT-P13 (34.8% [n=47/135]), or 

to other biologics (65.2% [n=88/135]), primarily adalimumab 

(23.7% [32/135]). In the CT-P13 cohort, 56.2% [n=41/73] of 

patients initially switched to IFX, and the remainder switched 

to other biologics (43.8% [n=32/73]), primarily etanercept 

(13.7% [10/73]) (Figure 2). Switching patterns varied 

somewhat regionally; the highest proportion of switching 

occurred in Central Anatolia in both cohorts (IFX=42.6% 

vs CT-P13=27.9%; P=NS; Figure 3).

To more specifically analyze treatment patterns in RA, a 

sensitivity analysis evaluating RA patients without a coincident 

AS diagnosis was conducted and showed findings consistent 

with those observed in the main analysis. In the sensitivity 

analysis, 79% of the patients were initiated on IFX, and 21% 

were initiated on CT-P13. Confirmed discontinuation was 
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 significantly lower in the IFX cohort compared with the CT-P13 

(IFX=43.2% vs CT-P13=72.1%; P<0.001)

IBD cohort
Baseline descriptive and clinical 
characteristics
A total of 581 adult IBD patients met the study selection 

criteria. Physicians prescribed IFX to 87% (n=504) of the 

study population (IFX cohort), and CT-P13 (CT-P13 cohort) 

to 13% (n=77). The proportion of patients with UC did not 

differ between the cohorts (IFX=55.6% vs CT-P13=59.7%; 

P=NS); however, more patients in the IFX cohort were 

diagnosed with CD during the baseline period (IFX=66.5% 

vs CT-P13=53.3%; P=0.024). Diagnostic codes for both UC 

and CD for the same patient were observed in both cohorts 

Table 2 Baseline medication and procedures for patients initiating IFX and CT-P13 use

RA patients (N=779)

IFX cohort CT-P13 cohort

(N=575) (N=204)

N (%) N (%) P-value

Baseline biologic use
Patients with biologic use prior to initiating IFX or CT-P13 160 (27.8%) 64 (31.4%) ns
Baseline RA-related therapies and DMARDs
nsaiDs 510 (88.7%) 191 (93.6%) 0.044
corticosteroids 454 (79.0%) 169 (82.8%) ns
Methotrexate/methotrexate sodium 188 (32.7%) 81 (39.7%) ns
Sulfasalazine 182 (31.7%) 102 (50.0%) <0.001
Hydroxychloroquine 97 (16.9%) 53 (26.0%) 0.005
Azathioprine 88 (15.3%) 16 (7.8%) 0.007
Leflunomide 79 (13.7%) 35 (17.2%) ns
cyclophosphamide 8 (1.4%) 0 (0.0%) ns

IBD patients (N=581)

IFX cohort CT-P13 cohort

(N=504) (N=77)

Baseline biologic use
Patients with biologic use prior to initiating IFX or CT-P13 106 (21.0%) 14 (18.2%) ns
Baseline IBD-related therapies
aminosalicylic acid derivatives 393 (78.0%) 67 (87.0%) ns
antibiotics 343 (68.1%) 54 (70.1%) ns
Immunosuppressant 336 (66.7%) 48 (62.3%) ns
corticosteroids 328 (65.1%) 51 (66.2%) ns
antidiarrheal 65 (12.9%) 6 (7.8%) ns
Baseline IBD-related procedures
colonoscopy 334 (66.3%) 43 (55.8%) ns
sigmoidoscopy 58 (11.5%) 5 (6.5%) ns
Esophagogastroduodenoscopy 30 (6.0%) 9 (11.7%) ns
Fistulography 3 (0.6%) 0 (0.0%) ns
colectomy 2 (0.4%) 0 (0.0%) ns
Stricturoplasty 0 (0.0%) 0 (0.0%) na
# Patients without IBD-related therapies or procedures 6 (1.2%) 2 (2.6%) ns

Abbreviations: DMARDs, disease-modifying antirheumatic drugs; IBD, inflammatory bowel disease; IFX, infliximab; NA, not available; NS, not significant; NSAIDs, non-
steroidal anti-inflammatory drugs; RA, rheumatoid arthritis.

to a similar extent (IFX=24.6% vs CT-P13=15.6%; P=NS). 

The mean age of the IFX cohort was slightly lower than the 

CT-P13 (IFX=38 years vs CT-P13=41 years; P=NS) and 

the proportion of male patients was slightly higher in the 

IFX cohort than in the CT-P13 (IFX=58% vs CT-P13=52%; 

P=NS). However, there were no statistically significant 

differences in demographic characteristics noted between 

groups. The largest proportion of IBD patients resided in 

the Marmara region followed by Central Anatolia for both 

cohorts (Table 1).

In the 12 months prior to initiating index medication, both 

IFX and CT-P13 cohorts demonstrated a mean CCI score of 

0.7. Common comorbidities included gastrointestinal ulcers, 

hypertension, depression, and connective tissue disease. 

During the baseline period, a lower proportion of patients 
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Table 3 Follow-up concomitant diseases and disease-related medication use in patients who initiated IFX or CT-P13

RA patients (N=779) IBD patients (N=581)

IFX cohort CT-P13 cohort IFX cohort CT-P13 cohort

(N=575) (N=204) (N=504) (N=77)

P-value P-value

Average length of follow-up period (months) 
mean ± sD

16.5±2.3 15.5±2 <0.001 13.2±4.1 11.6±3.7 0.001

Patients with concomitant disease N (%)
Psa or psoriasis 100 (17.4%) 31 (15.2%) ns 23 (4.6%) 11 (14.3%) <0.001
Ankylosing spondylitis 288 (50.1%) 131 (64.2%) <0.001 104 (20.6%) 37 (48.1%) <0.001
crohn’s disease 49 (8.5%) 9 (4.4%) ns
Ulcerative colitis 38 (6.6%) 6 (2.9%) ns
Rheumatoid arthritis 89 (17.7%) 21 (27.3%) 0.045
gastrointestinal bleeding 3 (0.6%) 0 (0%) ns
Fistula 11 (2.2%) 0 (0%) ns
Concomitant DMARDs and RA-related treatment N (%)
nsaiDs 488 (84.9%) 187 (91.7%) 0.014
corticosteroids 461 (80.2%) 177 (86.8%) 0.036
Methotrexate/methotrexate sodium 170 (29.6%) 74 (36.3%) ns
Sulfasalazine 91 (15.8%) 49 (24.0%) 0.009
Azathioprine 90 (15.7%) 13 (6.4%) <0.001
Hydroxychloroquine 66 (11.5%) 30 (14.7%) ns
Leflunomide 65 (11.3%) 27 (13.2%) ns
Tofacitinib 2 9 (0.3%) 3 (1.5%) ns
IBD-related therapies N(%)
Immunosuppressant 327 (64.9%) 46 (59.7%) ns
aminosalicylic acid derivatives 323 (64.1%) 56 (72.7%) ns
corticosteroids 323 (64.1%) 57 (74.0%) ns
antibiotics 264 (52.4%) 36 (46.8%) ns
antidiarrheal 56 (11.1%) 3 (3.9%) ns

Abbreviations: DMARD, disease-modifying anti-rheumatic drug; IBD, inflammatory bowel disease; IFX, infliximab; NS, not significant; NSAIDs, non-steroidal anti-
inflammatory drugs; RA, rheumatoid arthritis.

IBD cohort follow-up results
The IFX cohort had a longer mean follow-up period 

(IFX=13.2 months vs CT-P13=11.6 months; P=0.001). 

 Concomitant medication use in the follow-up period 

was similar to that observed during the baseline period 

(Table 3).

Dosing patterns
IFX cohort patients had a higher mean number of infusions 

(IFX=6.5 infusions vs CT-P13=3.8; P<0.001) with a signifi-

cantly lower number of VPI (IFX=4.2 VPI vs CT-P13=6.1; 

P<0.001) compared with the CT-P13 cohort. The mean time 

between administrations was shorter for the IFX cohort 

overall (IFX=52 days vs CT-P13=63; P<0.001). Specifically, 

there were differences in the mean number of days between 

the first and second infusions (IFX=27 days vs CT-P13=50; 

P<0.001); and the second and third infusions (IFX=42 days 

vs CT-P13=60; P<0.001); and the third and fourth infusions 

(IFX=60 days vs CT-P13=72; P=0.001).

in the IFX cohort had a co-diagnosis of AS (IFX =17.3% 

vs CT-P13=40.3%; P<0.001), PsA or psoriasis (IFX=3.4% 

vs CT-P13=10.4%; P=0.005), or RA (IFX=11.3% vs 

CT-P13=19.5%; P=0.043). (Table 1).

Baseline period concomitant medication patterns and 

procedures were similar in IBD patients who initiated IFX 

and in patients who initiated CT-P13 (Table 1). Most patients 

in both cohorts had received 5-aminosalicylates, immunosup-

pressants, anti-diarrheals, and corticosteroids. Anti-diarrheal 

medications were typically observed in combination with 

other IBD therapies. Evidence of colonoscopy was observed 

in numerically fewer patients initiating CT-P13 (IFX=66.3% 

vs CT-P13=55.8%; P=NS). Use of other procedures was 

infrequent; sigmoidoscopy (IFX=11.5% vs CT-P13=6.5%; 

P=NS) and esophagogastroduodenoscopy (IFX=6.0% vs 

CT-P13=11.7%; P=NS) were the most commonly administered 

procedures other than colonoscopy. Baseline biologic use was 

similar in both cohorts (IFX=21.0% vs CT-P13=18.2%; P=NS), 

although numerically higher in the IFX cohort (Table 2).
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Figure 1 Proportion of IFX or CT-P13 cohort with index therapy discontinuation.
Abbreviations: IBD, inflammatory bowel disease; IFX, infliximab; RA, rheumatoid 
arthritis.
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Figure 2 Proportion of ra and iBD switchers selecting alternative therapies.
Abbreviations: IBD, inflammatory bowel disease; IFX, infliximab; RA, rheumatoid 
arthritis.
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Discontinuation patterns
Mean time to discontinuation or end of the follow-up for 

all patients was longer in the IFX cohort compared with the 

CT-P13 as well (IFX=288 days vs CT-P13=177; P<0.001). 

The proportion of patients with a confirmed discontinuation 

was significantly lower in the IFX cohort. (IFX=37.5% vs 

CT-P13=62.3%; P<0.001; Figure 1). In the IFX cohort, 21.8% 

(n=110) had discontinued their treatment after the third dose, 

whereas in the CT-P13, 53.2% (n=41) had discontinued after 

the third dose (P<0.001).

switching patterns
The proportion of patients with a switch to another biologic 

therapy was lower in the IFX cohort compared with the 

CT-P13 (IFX=14.1% vs 50.6%; P<0.001). In the IFX cohort, 

most first switches were to CT-P13 (46.5% [n=33/71]) and 

the remainder were to other biologics (53.5% [n=38/71]), 

primarily adalimumab (43.7% [n=31/71]). In the CT-P13 

cohort, most first switches were to IFX (82.1% [n=32/39]) 

and the remainder were to other biologics (17.9% [n=7/39]), 

primarily adalimumab (10.3%; n=4/39; Figure 2). Of those 

who switched from IFX to CT-P13, 36.4% (n=12/33) returned 
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to IFX, and of those who switched from CT-P13 to IFX, 

40.6% (n=13/32) returned to CT-P13 (P=NS).

Switching patterns varied regionally. The highest propor-

tion of switching from IFX to CT-P13 was observed in the 

Marmara region (34.3 %), whereas the highest proportion 

of switching from CT-P13 to IFX was observed in the Black 

Sea region (28.1%) (Figure 3).

Similar trends in dosing, discontinuation, and switching 

patterns were observed in a sensitivity analysis conducted 

among IBD patients at 6 months of follow-up. Patients in the 

IFX cohort had higher mean number of infusions (IFX=4.1 

infusions vs CT-P13=2.8; P<0.001) with significantly lower 

VPI (IFX=4.2 VPI vs CT-P13=6.1; P<0.001) compared with 

the CT-P13 cohort. Mean time to discontinuation was longer 

in the IFX compared with the CT-P13 cohort (IFX=157 days 

vs CT-P13=112; P<0.001). The proportion of patients with a 

confirmed discontinuation was significantly lower in the IFX 

cohort (IFX=13.9% vs CT-P13=48.1%; P<0.001), and the 

proportion of patients with a switch to another biologic therapy 

was also lower (IFX=8.7% vs CT-P13=40.3%; P<0.001).

Discussion
This study describes prescribing and medication utilization 

patterns in RA and IBD patients initiating IFX or CT-P13 in 

Turkey. In both RA and IBD groups, IFX was more commonly 

prescribed than CT-P13. Notable differences in medication uti-

lization patterns were observed between the IFX and CT-P13 

cohorts. In both RA and IBD groups, the CT-P13 cohort had 

higher discontinuation rates and discontinuation occurred 

earlier compared with the IFX cohort. Drug discontinuation 

was the most notable difference in medication utilization pat-

terns observed between the cohorts. Switching patterns in this 

study were limited to the initial switch. This was necessary 

as very few patients were observed to have multiple switches 

during the follow-up period and due to the limited follow-up 

period in which to observe multiple switches.

Evaluation of innovator and biosimilar IFX in a large 

national cohort study of RA and IBD patients has not been 

reported previously. In Turkey, which is one of the largest 

countries of Europe, physicians are free to prescribe brand 

name drugs regardless of cost, although, in some cases, 

patients may be obligated to pay the difference between the 

higher and lower-priced medications.27 It is unlikely that 

patients in this study shouldered any medication cost since 

patients who had a chronic condition certified by their phy-

sician can have their medications fully reimbursed by the 

Turkish government.24 Furthermore, the list price for IFX 

per vial was ₮1,229.49 Turkish Lira and for CT-P13, was 

₮1,205.87 Turkish Lira, which represents less than a 2% 

difference between the products. The lack of a substantial 

difference between the prices for IFX and CT-P13 in Turkey 

could be considered a strength of this study and provided an 

opportunity to gain insight into factors other than price that 

potentially contribute to observed differences in practice 

patterns.

Another potential strength of the study is careful selection 

of those patients not previously treated with IFX or CT-P13 

in the prior year, allowing an opportunity to observe practice 

patterns in patients who are unlikely to have prior perception 

or clinical experience with IFX. Beyond the difference in 

Figure 3 Geographical distribution of first switch by study cohort.
Note: *P-value<0.05.
Abbreviations: IBD, inflammatory bowel diseases; IFX, infliximab; RA, rheumatoid arthritis.
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group sizes, the IFX and CT-P13 groups were generally bal-

anced: no differences in overall co-morbidity indices or prior 

biologic exposure were present at baseline. Thus, observed 

differences in utilization are potentially free from bias related 

to disease severity. Moreover, the sensitivity analysis for IBD 

patients, using data from the first 6 months of follow-up 

showed that dosing, discontinuation, and switching patterns 

were similar to those observed for patients during the entire 

follow-up period.

A key limitation of this study is that the Turkish Ministry 

of Health database does not capture reasons for discontinua-

tion or switching. Therefore, we could not ascertain if the high 

rate of discontinuation observed in the CT-P13 cohort was 

because of immunogenicity, adverse events, drug inefficacy, 

or patient/physician choice. However, a study of non-medical 

switches from originator IFX to biosimilar CT-P13 in patients 

with inflammatory arthritis observed a higher discontinuation 

rate for patients who switched to CT-P13. The study showed 

that 50% of patients reported lack of effect, and 28% reported 

adverse events as the reason for discontinuation.28 Similarly, 

it is not possible to determine whether clinical or non-clinical 

factors, including market dynamics, such as regional purchas-

ing contracts or availability of drug supply could influence 

prescribing practices or medication utilization. Discrepancies 

in coding and the lack of validated identification algorithms 

for this dataset somewhat limit the ability to accurately con-

firm patient diagnosis. In this study, nearly two-thirds of the 

RA population also had a diagnosis code for AS during the 

study period limiting our ability to confirm whether patients 

were prescribed their biologic for RA or AS.

In Turkey, tendering for pharmaceuticals occurs in all 

public hospitals,24 and this may, in part, explain the regional 

variation observed in prescribing and switching practices. 

Factors, such as disease severity or patient preference for one 

product over another, unmeasured in this study, may also have 

contributed to the results observed here. The non-standard 

dosing intervals observed in both RA and IBD cohorts could 

have contributed to the discontinuation or switching rates. 

Finally, clinical factors, such as effectiveness and adverse 

events, could have contributed to these findings; however, 

these data were not recorded in the database. Future studies 

are needed to investigate each of these possibilities.

To our knowledge, this study is the largest sample in 

which real-world treatment patterns and medication per-

sistency for CT-P13 has been evaluated. While the lack 

of information on reasons for discontinuations hampers 

interpretation, the results of this study demonstrate that 

medication utilization patterns for CT-P13 are not similar 

to those for IFX. Additional large population-based studies 

are needed to explore potential differences in the real-world 

setting between IFX and its biosimilar CT-P13.
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